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REF e cToR s JOURNAL
AIVISION OF DRINKING AND GROUND WATERS,

OHIO ENVIRONMENTAL PROTECTIONS

UNDERGROUND INJECTION CONTROL PERMIT TO OPERATE:
CLASS | HAZARDOUS WELL

Ohio Permit No.: UIC 03-02-006-PTO-!
IS EPA ID No.: OHD 042157644
Date of lssuance: January 27, 2011
Effective Date: January 27, 2011
Date of Expiration: January 27, 2016
Kame of Applicant: INECS USA LLC
Waste Disposal Weli No. 4
Malling Address: P.0O. Box 628
Lima, Ohio 45802-0628
Facility Loecalion: 1900 Fort Amanda Road
Lima, Ohio 45804
County. Allen Township: Shawnee
Section, Quarter Section: Section 11
Latitudel/longitude: 40°42'44"N/B4°07'50"W
injection Interval: Eau Claire and Mt. Simon from 2813 io 3223 feet (KB)
Containment interval:  Eau Claire from 2430 1o 2813 feet (KB)
iniection Zone: Sau Claire, Mt Simon, and Middie Run from 2430 1o
3223 feet (KB)
Confining Zone: Knox from 2100 to 2430 feet (KB)

Pursuant io the Underground Injection Control rules of the Ohio Environmental Protection
Agency codified at Chapier 2745.34 of the Ohio Administrative Code, the applicant
(Permittee) indicated above is hereby authorized to operate a Class | injection well at the
above location. The complex is divided inte three operational groups on one contiguous
site. The Nitriles production operations are owned and operated by INEOS USA LLC



(INECS). The Nitrogen production process is owned and operated by PCS Nitrogen Ohio
L P. Eort Amanda Specialties LLC owns and operates an oh-site facility that uses a by~
product from the Nitriles process as a feed stock for their chemical manufaciuring
operations. The permitiee is authorized to accept waste from the Nitriles production and
Fort Amanda groups, upon the express conditions that the permitiee meet the restrictions
set forth herein.

All references to Chapter 3745-34 of the Ohio Administrative Code (OAC) are to all rules
that are in effect on the date that this permit is effective. The following aftachments are
incorporated into this permit: A, B, C, D, E, F,and G.

This permit shall become effective on _JAN 2 7 20 and shall remain in full force
and effect during the life of the permit, uniess 1) the statutory provisions of Section 3004
(0, (g) or (m) of the Resource Conservation and Recovery Act ban or otherwise condition

the asuthorizations in this permit, 2) the Agency promulgates rules pursuant to these
sections which withdraw or otherwise condition the authorization in this permit; or 3} this
permit is otherwise revoked, terminated, modified or reissued pursuant to OAC Rules
9745.34-23 and 3745-34-24. Nothing in this permit shall be consirued to relieve the
permittee of any duties under applicable state and federal law or reguiations.

This permit and the authorization 1o inject shall expire at midnight, unless terminated, on
the date of expiration indicated.

Zeott J. Nally\Director
Ohio Environmental Protection Agency
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B.

PART |

GENERAL PERMIT COMPLIANCE

EFFECT OF PERMIT

The permitiee is authorized fo engage in operation of underground injection in
accordance with the conditions of this permit. Notwithstanding any other provisions
of this permit, the permittee authorized by this permit shall not construct, operate,
maintain, convert, plug, abandon, or conduct any other injection activity in a manner
that allows the movement of injection, annulus or formation fluids into underground
sources of drinking water (USDW). Any underground injection activity not
specifically authorized in this permit is prohibited. Compliance with this permit
during its term constitutes compliance for purposes of enforcemeant, with Sections
8111.043 and 6111.044 of the Ohio Revised Code (ORC). Such compliance does
not constitute a defense to any action brought under ORC Sections 6109.31,
6100.32 or 6109.33 or any other common or statutory law other than ORC Sections
81411.043 and 6111.044. Issuance of this permit does not convey property rights of
any soit or any exclusive privilege; nor does it authorize any injury to persons or
property, any invasion or other private rights, or any infringement of State or local
law,

This permit does not relieve owners and operators of hazardous waste injection
wells of their obligation to comply with any additional regulations or requirements
under the Resource Conservation and Recovery Act (RCRA) as amended or
Chapter 3734 of the Ohio Revised Code and rules promulgated thereunder. This
permit does not authorize any above ground generating, handling, storage,
treatment or disposal facilities. Such activities must receive separate authorization
under regulations promulgated pursuant to Chapter 3745 of the Revised Code and
Part C of the federal Resource Conservation and Recovery Act.

PERMIT ACTIONS

1. Modification, Revocation, Reissuance and Termination. The Director may,
for cause or upon request from the permitiee, modify, revoke, and reissue, or
terminate this permit in accordance with OAC Rules 3745-34-07, 3745-34-
23 and 3745-34-24. Also, the permit is subject to minor modifications for
cause as specified in OAC Rule 2745-34-25. The filing of a request for a
permit modification, revocation and reissuance, or termination, or the
notification of planned changes, or anticipated noncompliance on the part of
the permittee does not stay the applicability or enforceability of any permit
condition.

ol



2. Transfer of Permits.  This permit may be transferred to & new owner of
operator only if it is modified or revoked and reissued pursuant to OAC Rule
3745-34-22 (A), 3745-34-23 or 3745-34-24, as applicable.

SEVERABILITY

The provisions of this permit are severable, and if any provision of this permit or the
application of any provision of this permit to any circumstance is held invalid, the
application of such provision to any other circumstances and the remainder of this
permit shall not be affected thereby.

CONF%DENTIALETY

In accordance with 40 CFR Part 2 and OAC Rule 3745-34-03 any information
submitted to the Ohio EPA pursuant to this permit may be claimed as confidential
by the submitter. Any such claim must be asserted at the time of submission by
stamping the words eonfidential business information” on each page containing
such information. If no claim is made at the time of submission, the Ohio EPA may
make the information available to the public without further notice. if a claim is
asserted, documentation for the claim must be tendered and the validity of the claim
will be assessed in accordance with the procedures in OAC Rule 3745-34-03. lfthe
documentation for the claim of confidentiality is not received, the Ohic EPA may
deny the claim without further inguiry. Claims of confidentiality for the following
information will be denied:

1. The name and address of the permitiee; and
2. information which deails with the existence, absence or level of
contaminants in receiving water.

DUTIES AND REQUIREMENTS

1. Duty to_Comply. The permitiee shall comply with all applicable UIC
regulations and conditions of this permit, except to the extent and for the
duration such noncompliance is authorized by an emergency permit issued
in accordance with OAC Rule 3745-34-19. Any permit noncompliance
constitutes & violation of ORC Chapter 6109 or 6111 and is grounds for
enforcement action, permit termination, revocation and reissuance,
modification, or denial of a permit renewal application. Such noncompliance
may also be grounds for enforcement action under other applicable state and
federal law.

2. Penalties for Violations of Permit Conditions. Any person who violates a
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5.

permit requirement is subject fo injunctive relief, civil penalties, finss, and/or
other enforcement action under ORC Chapter 8111, 8109 or 3734. Any
person who knowingly or recklessly violates permit conditions may be subject
to criminal prosecution.

Continuation of Expiring Permits.

a. Duty to Reapply.  If the permitiee wishes fo continue an activity
regulated by this permit after the expiration date of this permit, the
permitiee must submit a complete application for a new permit at least
180 days before this permit expires.

b Permit Extensions. The condition of an expired permit shall continue
in force in accordance with ORC Section 110.06 uniil the effective
date of a new permit, if:

L The permittee has submitted a fimely and complate application
for a new permit; and
ii. The Director has not acted on said application.

C. Enforcement.  When the permitiee is not in compliance with the
conditions of the expiring or expired permit the Director may:

i initiate enforcement action based upon the permit which has
been continued, ' ‘

ii lssue a notice of intent to deny the new permit. If a final action
becomes effective to deny the permit, the owner or operator
shall immediately cease operation of the well or be subject 1o
enforcement action for operation of a Class | hazardous
injection well without a permit;

iii. lesue a new permit under ORC Section 6111.044 with
appropriate conditions; or

V. Take other actions authorized by underground injection controi
regulations set forth in OAC Chapter 3745-34 or any other
applicable regulation or laws.

Need fo Halt or Reduce Activity Not a Defense. It shall not be a defense,
for a permittee in an enforcement action, that it would have been necessary
to halt or reduce the permitied activity in order to maintain compliance with
the conditions of this permit or any order issued by the Director or a court of
appropriate jurisdiction.

Duty fo Mitigate. The permittee shall take ali reasonable steps to minimize
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or correct any adverse impact on the environment resulfing from
noncompliance with this permit. This may include accelerated or additional
monitoring or testing or both. if suchis performed, the data collected shall
be submiited to Ohic EPA in a writien report.

Proper Operation and_Maintenance.  The permittee shall at all times
properly operate and maintain all facilities and systems of treatment and
control (and related appurtenances) which are instalied or used by the
permitiee to achieve compliance with the conditions of this permit. “Proper
operation and maintenance” includes effective performance, adeguate
funding, adequate operator staffing and training, and adequate laboratery
and process controls, including appropiiate guality assurance procedures.
This provision requires the operation of back-up or auxiliary facilities or
similar systems only when necessary 10 achieve compliance with the
conditions of this permit.

Duty o Provide Information.  The permittee shall furnish to the Director,
within a time specified, any information which the Direcior may request {o
determine whether cause exists for renewing, modifying, revoking and
reissuing, or terminating this permit. To determine compliance with this
permii, or to issue a new permit the permittee also shall furnish to the
Director, upon request, copies of records required fo be kept by this permit or
applicable state or federal iaw.

inspeciion_and Eniry. The permittee shall allow the Director, or an
authorized representative, upon the presentation of credentials and other
documents as may be reguired by law fo:

a. Enter permittes’s premises where a regulated facility or activity is
located or conducted, or where records are kept under the conditions
of this permit;

b. Have access to and copy, at reasonable times, any records that are
kept under the conditions of this permit;
C. Inspect at reasonable fimes any facilities, equipment (including

monitoring and control equipment), practices, or operations regulated
or reguired under this permit; and

d. Sample or monitor at reasonable times for the purposes of assuring
permit compliance or as otherwise authorized by ORC chapter 6111
and OAC Chapter 3745-34, any substances or parameters at any
jocation.



10.

a.

Records.

The permittee shall retain copies of records of all monitoring
information, including ali calibration and maintenance records and all
origina! recordings for continuous monitoring instrumentation and
copies of all reports required by this permit jor a period of at least five
(5) years from the date of the sample, measurement or report, or for
the duration of the permitted life of the well, whichever is longer. This
period may be exiended by requeast of the Direcior.

The permittee shall maintain copies of records of all data required fo
complete the permit application form for this permit and any
supplemental information submitted under OAC Rule 3745-34-12 for
a period of at least five (5) years from the date the applicaiion was
signed or for the duration of the permitted life of the well, whichever is
longer. This period may be extended by request of the Director.
The permitiee shall retain copies of records concerming the nature
and composition of all injected fiuids pursuant to Part t (E) (10) of this
permit until three (3) years after the completion of well closure which
has been carried out in accordance with the approved closure plan,
and consistent with OAC Rule 3745-34-61 (F) (5).

The permittee shall continue 1o retain such copies of records after the

retention period specified by paragraphs (@) to {c) above, unless he or

she delivers the records fo the Director or obtains writien approval
from the Director to discard the records. Records of monitoring
information shall include:

i. The date, exact place, and time of sampling of measurements;

ii. The name(s) of the individual(s) who performed the samipling
or measurements;

[ A precise description of both sampling methodology and the
handling and custody of samples;

. The date(s) analyses or measurements were performed,

V. The name(s) of the individual{s) who performed the analyses
or measurements and the laboratory that performed the
analyses or measurements;

Vi The analytical techniques or methods used; and

vii.  All results of such analyses.

Monitoring.  Sampies of injected fluids and measurements taken for the
purpose of monitoring shall be representative of the monitored activity.
Monitoring results shall be reported monthly in accordance with OAC Ruie
2745.34-38 in a format acceptable to the Director and as set forth in
paragraph 12 below.



11.

12,

Monitoring the nature of injected fluids shall comply with the
applicable analytical methods cited and described in Table 1 of 40
CFR 136.3 or in Appendix Il of 40 CFR Part 261 or (in certain
circumstances) by other methods that have been approved by the
Administrator of U.S. EPA, or by the Director. :

The monitoring information shall include conditions of guality
assurance for each type of measurement required for reporting by the
operator. Reference fo established, published criteria shall be made
wheraver possible.

Sampling and analysis shall comply with the specifications of the
Waste Analysis Plan required in Part it {D) (3) of this permit and OAC
Rule 3745-34-57.

Signatory Reguirements,  All appiications, reports or other information,

required to be submitted by this permit, requested by the Director or
submitted to the Director, shall be signed and certified in accordance with
OAC Rule 3745-34-17.

Reporiing Reguirements.

a.

Planned Changes. The permitiee shall give wiitten notice to the
Director, as soon as possible, of any planned physical alierations of
additions to the permitted facility. Replacement of equipment that is
equivaient to existing equipment is not included in this requirement.
Anticipated Noncompliance. The permittee shall give advance nofice
io the Director of any planned changes in the permitted faciiity of
activity which may result in noncompliance with permit requirements.
Compliance Schedules. Reports of compliance or noncompliance
with, or any progress reporis on, interim and final requirements
contained in any compliance schedule of this permit shall be
submitted in writing no later than thirty (30) days following each
schedule date.

Twenty-four (24) Hour Reporting.

i. The permittee shall report to the Director any noncompliance
which may endanger health or the environment. All available
information shall be provided orally within 24 hours from the
fime the permittee becomes aware of such noncompliance.
The following events shall be reporied orally within 24 hours:
1. Any monitoring or other information which indicates that

any contaminant may cause an endangerment to an
underground source of drinking water, or
2. Any noncompliance with a permit condition, or
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malfunction of the injection system, which may cause
fluid migration into or between underground sources of
drinking water; or

3. Any failure to maintain mechanical integrity of the well
as defined by OAC Rule 3745-34-34.

ii. A written submission also shall be provided within five (5)
business days of the time the permittee becomes aware of
instances of noncompiiance identified in paragraph 12 (d) (i)
above. The written submission shall contain a description of
the noncompliance and ifs cause the period of
noncompliance, including exact dates and times, the
anticipated time it is expected to continue; whether the
noncompliance has or has not been corrected and steps taken
or planned to reduce, eliminate and prevent recurrence of the
noncompliance.

Other Noncompliance. The permittee shall report all other instances
of noncompliance not otherwise reported at the fime monitoring
reports are submitted. The reports shall contain the information listed
in permit condition 12 (d) (i) above.

Other Information. When the permitiee becomes aware of failure to
submit any relevant facts in the permit application or that incorrect
information was submitted in a permit application or in any report {0
she Director, the permittee shall submit such facts and corrected
information in writing within ten (10} days.

Monthly reports specified in OAC Rule 3745-34-38 shall be submitied
by the fifteenth day of the following month. Quarterly reports shall be
submitted in accordance with Part I (E) of this permit.

Within thirty (30) days of receipt of this permit, the person designated
as responsible for submission of reports pursuant o OAC Rule 3745-
34-17 shall certify to the Director that he or she has read and is
personally familiar with all terms and conditions of this permit. The
Director shall be notified immediately, in writing, if the designee or
position is changed.

F. CLOSURE (OAC RULES 3745-34-36 AND 3745-34-60)

1.

Closure Plan, A plan for closure of the well that includes assurance of

financial responsibility and information relating to well closure has been
supmitted and is included in Attachment A of this permit. This plan is subject
to final approval by Ohic EPA. The implementation of an approved Closure
Plan is a condition of this permit; however, the permittee must receive the
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approval of the Director to proceed before implementing this Plan. The
permittee shall maintain and comply with this Plan and all applicabie closure
requirements, in accordance with OAC Rule 3745-34-80. The cobligation to
implement the Closure Plan survives the termination of this permit or the
cessation of injection activities. '

Revision of Closure Plan. The permittee shall submit any proposed
significant revision to the method of closure described in the Closure Plan for
approval by the Director no later than sixty (50) calendar days before closure,
uniess a shorter period is approved by the Director.

Notice of intent to Close. The permittee shall notify the Director of its intent
to close an injection well at least sixty (60) calendar days before closure of
the well, unless a shorter notice period is approved by the Director.

Temporary Disuse, A permitiee who wishes o cease injection for longer
than 24 months may keep the well open only if the permitiee:

a. Has received written authorization from the Director; and

b. Has submitted a pian to the Director, for approval, that the owner or -
operator will follow to ensure that the well will not endanger USDWSs
during the period of temporary disuse. These actions and procedures
shall include compliance with the technical requirements applicable {o
active injection wells unless waived by the Director.

The owner or operator of a Class | hazardous waste injection well that has
ceased operations for more than two years shall notify the Director at least
thirty days prior to resuming operation of the well.

Closure Report.  The permittee shall submit a closure report to the Director
within the time frame established in OAC Rule 3745-34-60 (C). The report
shall be certified as accurate by the permittee and by the person who
performed the closure operation (if other then the owner or operator). Such
report shall consist of either:

a. A statement that the well was closed in accordance with Attachment A
of this permit; or
b. Where actual closure differed from Attachment A of this permit, a

written statement specifying the differences between Attachment A
and the actual closure.

Standards for Well Closure.  Prior to closing the well, the permittee shall:
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8. Observe and record the pressure decay for a time and by a method

specified by the Director and report this information to the Director;
b. Conduct appropriate mechanical integrity testing of the well to ensure
the integrity of that portion of the long string casing and cement that
will be left in the ground after closure. Testing methods may include:
i Pressure fests with liguid or gas;
ii. Radioactive tracer surveys,
iit. Noise, temperature, oxygen activation, pipe evaluation or
cement bond logs;
tv. Any other test required by the Director.
c. Flush the well with a suitable buffer fluid.

Financial Responsibility for Closure.  The owner oF operator shall comply
with closure financial assurance requirements of OAC Rules 3745-34-36 (D)
and 3745-34-62. The obligation to maintain financial responsibility for
closure survives the termination of this permit or cessafion of injection.

G. BOST CLOSURE CARE (OAC RULE 3745-34-61)

1.

Post-Closure Plan. A plan for post-closure activities has been submitted
and is included in Attachment A of this permit. The plan is subject fo final
approval by Ohio EPA. The obligation o impiement an approved post-
closure plan will be part of the Administrative Record for this permit and the
permittee shall maintain and comply with this plan as if it were fully set forth
herein. The obligation to maintain, implement, and comply with the post-
closure plan survives the termination of this permit or the cessation of
injection activities.

This plan shall include the following information:

a. The pressure in the injection zone before injection began;
b. The anticipated pressure in the injection zone at the time of closure;
C. The predicted time until pressure in the injection zone decays fo the

point -that the well's cone of influence no longer intersects the
potentiometric surface of the lowermost USDW,;

Predicted position of the waste front at closure;

The status of any corrective action for wells in the area of review,
The estimated cost of proposed pest-closure care, and

An assurance of financial responsibility as required by CAC Rule
3745-34-62.

@ oo

Post-Closure Corrective Action.  The permittee shall continue and complete
any corrective action required under OAC Rules 3745-34-30 and 3745-34-
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53.

Duration of Post-Closure Period.  The permittee shall continue post-closure
maintenance and monitoring of any ground water monitoring wells required
gnder this permit unti! pressure in the injection zone decays to the point that
the well's cone of influence no longer intersects the potentiometric surface of
the lowermost USDW, as identified in the Administrative Record for this
permit. The Director may extend the period of the post-closure monitoring
upon a finding that the well may endanger a USDW.

Survey Plat.  The permittee shall submit a plat map to the local zoning
authority upon plugging the well in accordance with the approved ciosure
plan reguired in Part | (F) of this permit. The plat map shall indicate the
location of the well relative to permanently surveyed benchmarks. A copy of
the plat map shall be submitted to the Direcior.

Nofification fo State and Local Authority. — The permitiee shall provide
appropriate notification and information to the Ohio Department of Natural
Resources - Division of Mineral Resources Management, the Allen County
Heaith Department, and any other State of local authority designated by the
Director upon plugging the well in accordance with the approved closure plan
required in Part | (F) of this permit.

The Retention of Records. The permittee shall retain, for a period of three
(3) years following well closure, records reflecting the nature, composition
and volume of all injected fluids, The records shall be delivered fo the
Director at the end of the retention period.

Nofice of Deed 1o Property. Upon plugging the well in accordance with the
approved closure plan required in Part | (F) of this permit, the permitiee must
record a notation on the deed to the facility property, or on some other
instrument which is normally examined during title search, that will in
perpetuity provide any potential purchaser of the property with the following
information:

a. The fact that land has been used to manage and dispose hazardous
waste(s) in deep wells;

b. The name(s) of the State agencies or local authorities with which the
plat map was filed; and

c. The type and volume of waste injected, the injection interval into

which it was injected, the name(s) of the generator(s) of the waste
and the period over which injection occurred.

12



Financial Responsibility for Post-Closure Care. The permittee shall submit
= demonstration of financial responsibility for post-closure care, as required
by Chapter 3745-34 of the OAC, for approval by the Director. The 2010
financial assurance documentation has been submitted and is included in
Attachment A. The owner or operator shall comply with post-closure
financial assurance requirements of OAC Chapter 3745-34. The obligation
to maintain financial responsibility for post-closure care survives the
termination of this permit or the cessation of injection.

H. MECHANICAL INTEGRITY

1.

Standards.  Each injection well shall maintain mechanical integrity as
defined by OAC Rule 3745-34-34. The Director or his or her authorized
representative shall be present during the test for demonsiration of
mechanical integrity, unless the Director of his or her authorized
representative waives this requirement before the test occurs. in accordance
with OAC Rule 3745-34-56 (D), the owner or operator of a Class | hazardous
waste injection wel shall maintain mechanical integrity of the injection well at

all times. '

Periodic Mechanical integrity Testing [OAC Rule 3745-34-57]. The
permittee shall conduct the mechanical integrity testing as follows:

a. Long string casing, injection tubing and annular seal shall be tested by
means of an approved pressure test in accordance with OAC Ruie
2745-34-57 (1) (1) at least once every twelfth month beginning with the
date of the last approved demonstration, and whenever there has
heen a well workover in which tubing is removed from the well, the
packer is reset, or when loss of mechanical integrity becomes
suspected during operation;

b. The bottom hole cement shall be tested by means of an approved
radioactive tracer survey in accordance with OAC Rule 3745-34-57 {1}
(2) at least once every twelfth month beginning with the date of the
last approved demonstration;

c. An approved temperature, noise or other approved log shall be run in
accordance with OAC Rule 3745-34-57 (1) (3) at least once every 36
months from the date of the last approved demonstration fc test for
movement of fluid along the bore hole. The Director may require such
tests whenaver the well is worked over,

d. An approved casing inspection log shall be run for the entire length of
the long string casing in accordance with OAC Rule 3745-34-57 (1) (4)
whenever the owner or operator conducts a workover in which the
injection string is pulled, uniess the Director waives this requirement
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due to well construction or other factors which limit the test’s refiability,
or based upon the satisfaciory results of a casing inspection log run
within the previous five years. The Director may require that a casing
inspection log be run every five years, if he or she has reason i
beliave that the integrity of the long string casing of the well may be
adversely affected by naturally occurring or man-mage events,

e. The permittee may request the Director o use any other test
approved by the Administrator of the U.S. EPA in accordance with the
procedures in OAC Rules 3745-34-54 (D) and 3745-34-57 {1) (5).

Prior Notice and Report.  The permittee shall notify the Director of intent to
demonstrate mechanical integrity at least thirty (30) calendar days prior to
such demonstration. For those tests required in Part | (H) (2) (b, c, and d)
above, the permittee shall submit the plannad test procedures fo the Direcior
for approval at the time of nofification. At the discretion of the Director a
shorter fime period may be allowed. Reporis of mechanical integrity
demonstrations which include well logs shall include an interpretation of
results by a knowledgeable log analyst. Such reports shall be submitied in
sccordance with the reporting requirements established in Part i (E) (3) of
this permit.

Gauges. The Permitiee shall calibrate all gauges used in mechanical
integrity demonstrations fo within one-half percent of full scale prior to each
required test of mechanical integrity or, barring any damage to the gauge,
avery six (6) months. A copy of the calibration certificate shall be submitted
to the Director or his or her representative at the time of demonstration and
every time the gauge is calibrated. The gauge shall be marked in no greater
than ten (10) psi increments.

L oss of Mechanical integrity.  If the permittee or the Director finds that the
well fails to demonstirate mechanical integrity during & fest, or fails to
maintain mechanical integrity during operation, or that a loss of mechanical
integrity as defined by OAC Rule 3745-34-34 is indicated during operation,
the permitiee shall halt the operation immediately and foliow the reporting
requirements as directed in Part | (E) (12) of this permit. The permittee shall
not resume operation uniil mechanical integrity is demonstrated and the
Director gives approval fo recommence injection.

Mechanical Integrity Testing on Reguest From Director.  The permitiee shall
demonstrate mechanical integrity at any time upon writien request from the
Director. ,
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FINANCIAL RESPONSIBILITY

1.

Financial Responsibility. The permitiee shall comply with the clesure and
post-closure financial responsibility requirements of OAC Chapter 3745-34.
The permittee estimates that the 2010 cost of closure and post-closure ofthe
four permitted Class | hazardous injection wells on site is $1,107,336. The
2010 financial assurance mechanism is provided in Aftachment A of this
permit.

a. The permittee shall maintain written cost estimates, in current dolars,
sor the closure and post-closure plans as specified in OAC Chapter
3745-34. The closure and post-closure estimates shalt equal the
maximum cost of closure and post-closure at any point in the life of
the facility operation.

b. The permittee shall adjust the cost estimate of closure and post-
closure for inflation annually. This annually adjusted closure and
post-closure cost shall be submitted with the annual financial
assurance to the Director in accordance with requirements set forth in
OAC Rules 3745-55-42 and 3745-55-43.

C. The permitiee must revise the closure and/or post-closure cost
estimate whenever a change in the closure plan and/or posi-closure
plan increases the cost of closure and/or post-closure. The revised
cost estimates must be adjusted for inflation as specified above in
permit condition | {1) (b).

d. If the revised closure and post-closure esfimates exceed the current
amount of the financial assurance mechanism, the permitiee shall
submit a revised mechanism to cover the increased cost within thirty
(30) business days afier the revision specified in permit condition | ()
(b) and (c) above. :

e. The permittee shall keep on file at the facility a copy of the latest
closure and post-closure cost estimate prepared in accordance with
OAGC Rules 3745-34-09 (C) (8) and 3745-34-62 during the operating
ife of the facility. Said estimate shall be available for inspection in
accordance with the procedures in permit condition Part | (E) (8) (b) of
this permit.

insolvency. In the event of:

a. The bankruptcy of the trustee or issuing institution of the financial
mechanism (not applicable to permittees using a financial statement);
or

b. Suspension or revocation of the authority of the trustee institution 1o

act as trusiee; or
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o The institution issuing the financial mechanism josing its authority io
issue such an instrument, the permittee must notify the Director, in
writing, within ten (10) business days.

The owner or operaior must establish other financial assurance or liability
coverage acceptable to the Director, within sixty (60) days after such an
event.

An owner or operator must also notify the Director by certified mail of the
commencement of voluntary or involuntary proceedings under Title 11
(Bankruptey), U.8. Code naming the owner or operator as debtor, within ten
(10) business days after the commencement of the proceeding. A guarantor
of a corporate guarantee must make such a notification if named as debior,
as required under the terms of the guarantee.

CORRECTIVE ACTION

1.

FEES

Wells in the Area of Review. The permittee shall comply with the corrective
action plan {Attachment E to this permit), and with OAC Rules 3745-34-07,
3745-34-30 and 3745-34-53.

§3004 (u) of the Regource Conservation and Recovery Act.  The permifiee
shall comply with applicable corrective action requirements for the permitied
well as required by the Resource Consetvation and Recovery Act.

The permittee shall annually submit required fees in accordance with GAC Rule
3745-34-63.
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PART i

WELL SPECIFIC CONDITIONS FOR UIC PERMITS

A CONSTRUCTION

1.

Siting  [OAC Rule 3745-34-511 The injection well shall directly place
iniectate only into the injection interval as definad on the cover page of this
permit. At no time shall injection occur directly into any formation(s) above
the injection interval.

Casing and Cementing [OAC Rules 3745-34-37 (B) and 3745-34-541.
Notwithstanding any other provisions of this permit, the permittee shall
maintain casing and cement in the well in such a manner as to prevent the
movement of fluids into or between underground sources of drinking water.
The casing and cement used in the consiruction of the well are shown in
Astachment C of this permit. Notification of any planned changes shali be
submitted by the permittee for the approval of the Director before installation.

Tubing and Packer Specifications [0AC Rule 3745-34-54 (D)].  injection
shall tzke place only through approved tubing with an approved packer set
within the casing at the bottom of the fong string casing at a point approved
by the Director immediately above or within the injection interval. Tubing ana
packer specifications shall be as represented in engineering drawings
contained in Attachment C of this permit. Notification of any planned
changes shall be submitted by the permittee for the approval of the Director
hefore instaliation.

Wellhead Specifications. A quarter-inch (1/4") female coupling shall be
maintained on the wellhead, to be used for independent injection pressure
readings.

B. FORMATION DATA

1.

Data on the injection and confining zones are contained in Attachment B of
this permit. The permittee’s determination of the following information
concerning the injection interval also appears in Attachment B.

a. Formation fluid pressure;
b. Formation fracture pressure, and
c. Physical and chemical characteristics of the formation.
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in accordance with OAC Rule 3745-34-57 (J), the permittee shall monitor the
pressure buildup in the injection zone at least every twelfth month beginning
with the date of the completion of the last approved monitoring eveni. The
permitiee shall schedule pressure buildup testing such that one of the
nermittee’s four Class | injection wells is tested each year and each well shall
be tested at least once every forty-eight (48) months. This shall include, ata
minimum, a shutdown of the well for a time sufficient fo conduct a valid
observation of the pressure fall-off curve. A plan forsuch monitoring shall be
submitted for the Director’s review and approval at least thirty (30) days prior
fo initiating monitoring or testing. The results of this test shall be used o
calculate the following:

a. The transmissivity of the injection zone;

b. The formation or reservoir pressure; and

c. The skin effect.

The results of this test and the permitteé’s interpretation of the results shali
be submitted to the Ohio EPA in accordance with OAC Rule 3745-34-58 (B)
and Part Il (E) (3) of this permit.

C. OPERATIONS

1

Injection Interval.  Injection shall be limited to the Mt. Simon Sandsione in
the approximate subsurface interval between 2813 feet and 3223 feet below
kelly bushing (KB) for INEOS Well No. 4.

injection Pressure Limitation [OAC Rule 3745-34-38(A) and 3745-34-56].
Injection pressure at the welihead shall not exceed a maximum which shall
be calculated so as to assure that the pressure in the injection zone during
injection does not initiate new fractures or propagate existing fractures in the
injection zone. In no case shall injection pressure initiate fractures, or
propagate existing fractures in the confining zone, or cause the movement of
injection or formation fluids into an underground source of drinking waier,
Bottom hole pressure shall be limited so thata maximum of 2110 psi is never
exceeded, calculated with a fracture gradient of 0.75 psiffoot applied at a
depth of 2813 feet KB. The injection pressure shall be limited so that a
maximum pressure of 843 psig (measured at the surface) is not exceeded.
The maximum surface injection pressure limit shall be adjusted downward if
fluid specific gravity increases above 1.04, in accordance with the calculation
set forth in Attachment D of this permit. Downward adjustments in injection
pressure shall be made based on injectate specific gravity measurements
mads and recorded at least once every four (4) hours.

iniection Volume Limitation. The combined monthly injection volume for all
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permitted Class | injection welis at this facility shall not exceed 24 miliion
gallons.

Additional Injection Limitation.  No substances other than those listed in
Attachment D of this permit shall be injected. The permittee shall submit a
certified statement attesting to compliance with this requirement at the time
of the annual report. The only exception to this limitation is the injection of
non-hazardous fluids recovered from monifor wells and other non-hazardous
fluid required for approved weli testing and/or monitoring.

Annulus Fluids and Pressure [OAC Rule 3745-34-56(C)].  Except during
workovers, the annuius between the injection tubing and the long string
casing shall be filled with an inert, non-reactive fiuid. The pressure on the
annulus shall be at least fifty (50) psig higher than injection pressure at all
times throughout the injection tubing length, for the purpose of leak
detection. Temporary deviations from this fifty psig positive differential
requirement, which are a part of normal well start-up and shut-down
operations or an approved well stimulation, are authorized with the following
conditions:

a. Deviations may not exceed 15 minutes duration; and
b. A positive pressure differential is required to be maintained at all
times.

This 15 minute maximum time allowance applies only to this permit
parameter and does not apply to any other permit parameter that is required
to be maintained continuously. All instances of deviation from the fifty psig
positive differential pressure are subject to reporting requirements listed in
Part It (E) of this permit,

Automatic Warning and Shut-Off System.

a. The permittee shall continuously operate and maintain an automatic
warning and shut-off system required by OAC Rule 3745-34-56 which
shall stop injection in the following situations:

i. Injection pressure measured at the welihead reaches 843 psig;

fl. Bottomhole pressure reached 2110 psi; and

iii. When injection/annulus pressure differential falls below fifty
(50) psi, except during conditions specified above in Part H {C)
(5).

\Written plans and specification for 2 warning and shut-off system that

fulfill these requirements were submitted to the Director and approved

on March 17, 1995.
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b. The permittee shali test the automatic warning and shut-off sysiem at
least once every twelfth month from the date of the last approved
demonstration. This fest must involve subjecting the system to
simulated faiiure conditions and shali be witnessed by the Director or
hie or her representative. The permittee shall notify the Director of
their intent to test the automatic warning and shut-off system at least
thirty (30) calendar days prior to such a demonstration. At the
discration of the Director a shorter time period may be aliowed. The
permitiee shall submit the planned automatic warning and shut-off
system test procedures 1o the Director for approval at the time of
notification.

c. ¥ an automnatic alarm or shutdown is triggered, the owner of operator
shall investigate immediately and identify as expaditiously as possible
the cause of the alarm of shutoff. if, upon such investigation, the well
appears to be lacking mechanical integrity, or if monitoring required
under OAC Rule 3745-34-56 (F) otherwise indicates that the well may
be lacking mechanical integrity, the owner or operator shall:

L. immediately cease injection of wasie fluids unless authorized
by the Director to continue or resume injection; and

i, Take all necessary steps to determine the presence oOf
absence of a leak; and

ifi. Notify the Director within twenty-four (24) hours after an alarm
or shutdown, in accordance with Part | (E) (12) of this permit.

7. Precautions o Prevent Yell Blowouts. The permitiee shall, at all fimes,
maintain a pressure at the welthead which will prevent the return of the
injection fluid to the surface. I there is a gas formation in the injection zone
near the well bore, such gas must be prevented from entering the casing of
tubing. The well bore must be filled with a high specific gravity fluid during
workovers to maintain a positive (downward) gradient and/or a plug shall be
installed which can resist the pressure differential. A blowout preventer must
be kept in proper operational status during workovers.

b. MONITORING

1. Monitoring Reguirements [OAC Rules 3745-34-38 (B) and 3745-34-57 (A} -
(F)l. Samples and measurements taken for the purpose of monitoring shall
be protective of human healih, safety and the environment and
representative of the monitored acfivity. The permittee shall perform ail
monitoring required by OAC Rules 3745-34-38 and 3745-34-57, and any
other monitoring required by applicable rule or this permit. The method used
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to obtain a representative sample of any fluid to be analyzed and the
procedure for analysis of the sample shali be the one described in Appendix |
and Ul of 40 CFR Part 261 or an equivalent method approved by the
Director.

injection Fluid Analysis [OAC Rules 3745-34-38 and 3745-34-571.

The combined wastestream, comprised of hoth INEOS and Fort Amanda
wastestreams, shall be analyzed no less frequently than quarterly for
parameters which include, at a minimum, those listed below. A final list of
parameters is included in the approved Waste Analysis Plan.

The total wastestream emanating from the For Amanda facility shall be
measured weekly for pH. This measurement shall be performed weekly in
conjunction with the weekly grab sample of the INEOS wastesiream
coliected for pH, specific gravity, TDS, TSS, acrylonitrile, and acetonitrile.

Method and location of pH measurements shall be specified in the WAP.

Metals Organics Other

Ammonium sulfate Acetone Alkalinity

Arsenic Acetonitrile Carbon Oxygen Demand (COD)
Barium Acrolein Conductivity

Calcium Actylic Acid pH

Chioride Acrylonitriie Specific Gravity

Chromium Acrylamide Total Dissolved Solids (TDS)
Cobalt Benzene Total Organic Carbon (TOC)
HCN (free) Maleonitrile Total Suspended Solids (TSS)
HCN (total) Methyl Pyridine

Magnesium Nicofinonifrile

Nickel Propionitrile

Sodium Pyridine

Strontium

Vanadium

Zinc

Results of the most recent analyses shalt be submitted with each monthly
operating report. The report must include statements demonstrating that the
permittee is in compliance with the requirements of Part | (E} (10) and Part i
(C) (4) of this permit.

Waste Analysis Plan.  The permittee has developed a written Waste
Analysis Plan which describes the procedures which he or she will carry out
to comply with permit conditions (D) (1) and (D) (2) above and Rule 3745-34-
57 of the OAC. The latest revision of this plan was approved by Ohio EPA
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on June 30, 2005. A copy of the approved plan shall be kept at the facility
“and available for inspection. The sampling and analyses shall be performed
in a manner protective of human health, safety and the environment and
shall produce results representative of the chemical composition of the waste
analysis stream. At a minimum, the plan must specify:

a. The parameters for which each hazardous wastestream will be
analyzed and the rationaie for the selection of these parameters;

b. The test methods which will be used to test for these parameters; and

C. The sampling method which will be used to obtain a representative

sample of the waste to be analyzed. :

The combined wastestream sampling location shall be at the sample tap in
the pump building. The location for weekly pH measurements of the Fort
Armanda wastestream shall be at the sample tap on the discharge of the
transfer pump from Fort Amanda to ihe permitiee’s aeep well system. The
permittee shall identify the types of tests and methods used to generaie the
monitoring data. The monitoring program shall conform to the one described
in the approved Waste Analysis Plan. The permitiee shall abide by the
Quality Assurance Form ( ttachment F) of this permit. This form must be
completed and submitted fo the Director within thirty (30) days of the
effective date of this permit.

The permittee shall assure that the Waste Analysis Plan (WAP) remains
accurate and the analyses of any fluid sampled remain representative.

Continuous Monitoring and Recording Devices IOAC Rule 3745-34-56 (F)1.
Confinuous monitoring and recording devices shall be maintained and
operated to monitor injection pressure, flow rate and volume of the combined
wastestream, flow rate and volume of the Fort Amanda wastestream, the
pressure in the annulus between the tubing and the long string of casing, and
the temperature of the combined wastestream.

The permittee shall operate and maintain a continuous flow meter placed on
the flow line emanating from Fort Amanda Specialties. The meter shall
provide a digitized flow rate of the incoming Fort Amanda wastestream that s
displayed on the computer screen in the control room. Volume (galions)
contributed by Fort Amanda shail be recorded and records retained by the
permitiee as required by Part | (E) (9) (a) of the permit to operate.

Monitoring Wells.  The permitiee submitted a ground water monitoring plan
for protection of the underground sources of drinking water. The latest
revision of this plan was approved by the Director on February 7, 1985, A
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7.

copy of the most recently approved plan shall be kept at the facility and
available for inspection.

Compatibility of Well Material. The permittee shall monitor continuously for
corrosion of the construction materials by a method approved by the Director
in accordance with OAC Rule 3745-34-57. The most current corrosion
monitoring plan submitted by the permittee was approved by Ohio EPA on
January 26, 2005. The permitiee shall report loss of mass, thickness,
cracking, pitting and other signs of corrosion af least quarterly in accordance
with Part Il (E) (2) of this permit.

Seismic Monitoring.

a. Seismic Reflection Data.  The permittee has completed a seismic
reflection data study to the Director's satisfaction. The purpose of this
study is to establish the presence oF absence of significant geological
structural features such as faults and/or fractures in the uppermost
Precambrian rock units and the overlying Paleozoic rock units within
the area of review at the Lima, Ohio, Class | injection well facility.

If the area of review for this facility changes during the operational life
of this well, the permittee shall re-evaiuate the data obtained from the
existing study. [f after re-evaluation of the existing data, the Director
determines the study to be inadeguate 10 determine the presence oF
absence of geologic faults or fractures within the altered area of
review, the permitiee shall submit such additional seismic reflection
data as the Director determines to be necessary.

b. Seismic_Monitfering_System. The permitiee shall maintain the
existing on-site seismic monitoring system, uniess an aliernate
system is approved by the Director. If periodic downtime is
encountered as a result of component failure or equipment
maintenance, the permittee shall provide the following in the
subsequent monthily operating report: date(s), duration, cause of the
downtime, a schedule for repair activities and the anticipated date that
the monitoring system will be returned to service. Data collected by
the system shall be submitted guarterly, accompanied by the
permittee’s interpretation of the data. During system downtime, the
permittee shall provide seismic data from available regional
monitoring sources in the quarterty report. A complete analysis and
interpretation of the data shall be submitted within thirty (30) days
after completion of the guarter.




E. REPORTING REQUIREMENTS (OAC Rules 3745-34-38 and 3745-34-58)

1.

Monthly Reporis.  The permittee shali submit monthly reports to the Director

containing all of the following information:

.

b.

-

Results of the guarierly injection fluid analysis of the combined
wastestream specified in permit condition Part Il (D) (2).

Daily and monthly average values for injection prassure, flow rate and
volume, annular pressure, and temperature of the combined
wastestream. Daily and monthly average flow rate and daily and
monthly volume of the Fort Amanda wastestream.

Daily and monthly maximum and minimum values for injection
pressure, flow rate of the combined wastestream, and annuius
pressure. Daily and monthly maximum and minimum values for flow
rate of the Fort Amanda wastestream.

The monthly combined average flow rate for all operating wells,
These data shall appear once on the monthly report.

The results of continuous monitoring of injection pressure, annulus
pressure, flow rate and injectate temperature required in permit
condition Part I (D) (4). These data shall be digitized and submitted
on a single graph using contrasting symbols or colors for annulus
pressure, injection pressure, flow rate and injectate temperature.
Total fiuid volume of the combined wastestream injected daily,
monthly, and the cumulative volume of fluid injected for the life of the
well. Total monthly and cumulative fluid volume (galions) contributed
by Fort Amanda.

Date, time and volume of annulus fluid addition to or removal from the
annulus system.

Annulus sight glass ievel readings noted daily at a specified time.
Eor each daily minimum and maximum injection rate reported, listthe
corresponding injection pressure and annulus pressure occurfing
during the time the well was operating at that minimum and maximum
rate.

A listing of the duration and cause of any non-operating period for the
well during the month.

Any procedures conducted at the injection well other than routine
operational procedures.

Weekly determinations of (injectate) pH, including monthly maximum
and minimum values, for both the combined and Fort Amanda
wastestreams. -

Determinations of injectate specific gravity every four (4) hours.

Any noncompliance with conditions of this permit, including but not
limited to:
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i. A description of any event that violates operating parameters
for annulus pressure, injection pressure or annhulus/iniection
pressure differential as specified in this permit; or

i A description of any event which triggers an alarm or shutdown
device required in Part Il (C) (8) of this permit, accompaniad by
a description of the response taken for each event.

0. A description of any non-operating periods for the seismic monitoring
system including date(s), duration, cause, scheduie for repair, and
anticipated date that the monitoring system was or will be returned to
service.

Quarterly Report [OAC Rule 3745-34-58]. The permittee shall report all of
the foliowing each calendar quarier:

a. Resulis of the coniinuous corrosion monitoring system and an
interpretation of the results, as stipulated in Part H (D) of this permit,
within fifteen (15) days after the end of the quarter;

b. Results of ground water monitoring, and an interpretation of the
results, as specified in an approved ground water monitoring pian,
required in Part Il (D) (5) of this permit, within fifieen (15) days afier
the end of the guarter.

c. Results of waste analysis as stipulated in an approved waste analysis
plan, required in Part Il (D) (2) of this permit, within fifteen (15) days
after the end of the guarter. :

d. Results of seismic monitoring, and an interpretation of the results,
required in Part it (D) (7) (b), within thirty (30) days after the end of the
guarter.

Reports on Well Tests and Workovers.  Within thirty (30) caiendar days
after the activity the permittee shall submit to the Director the field results of
demonstrations of mechanical integrity, any well workover or results of other
tests required by the permit. A formal written report and interpretation of
demonstrations of mechanical integrity (excluding annulus pressure tests),
any well workover, or results of other tests, except those reporis that include
pressure buildup monitoring data and analysis, required by this permit or
otherwise required by the Director shall be submitted to the Director within
forty-five (45) calendar days after completion of the activity. Those reporis
that include data and analysis of pressure buildup monitoring of the injection
zone shall be submitted o the Director within sixty (60) days after completion
of the activity.

The Permittee shall submit all required reports to:
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Ohio Environmental Protection Agency
Division of Drinking and Ground Waters
Underground Injection Control Unit

50 West Town Street, Suite 700

P.O. Box 1049

Columbus, Ohio 43216-1049

5. The permitiee shall adhere to the reporting requirements specified in
Attachment D and Part Il of this permit for reporting under permit condition
Part Il (E) above.

CLASS | HAZARDOUS WASTE MANIFEST

Permittees injecting hazardous wastes which are accompanied by a manifest or
delivery document shall comply with the requirements of OAC Rule 3745-65-70 or
OAC Rule 3745-54-70, whichever is applicable.

CERTIFICATION PURSUANT TO OAC RULE 3745-34-58 (E)

The authorized representative of INECS, as designated pursuant o OAC Rule
3745-34-17, has provided the certification required by Rule 3745-34-59 (E) of the
OAC, provided in Attachment G of this permit. In addition, the Plant Manager at
Eort Amanda Specialties has provided certification required by Rule 3745-34-59(E}
of the OAC, included in Attachment G of this permit.

WASTE MINIMIZATION

The permittee shall comply with Section 6111.045 of the Ohio Revised Code
concerning the preparation, adoption and maintenance of a waste minimization and
treatment plan. The permittee developed a facility waste minimization and
treatment plan which was adopted on June 7, 1994. The plan shali be retained at
the facility and shall be made available for inspection. Every three years, on or
before the anniversary date of the adoption of the plan, the permittee is required to
submit to the Director a revised Executive Summary of the plan.
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EPPENDIX 10-1

CLOSURE PLAN

This closure plan is prepared pursuant {0 Rules 3745-34-09, 3745-34-36 and 3745-34-60 of the
Ohio Administrative Code and shall be kept af the facilty at all times. INEOS wili notify the
OEPA st least 50 days before planned ciosure of the weli(s). INECS will submit any proposed
significant revision fo the mathod of closure refiected in the plan for approval by the Agency at
this time. Plugging and abandonment procedures involve the removal of the injection tubing
and plugging the entire long string casing with cement for protection of the subsurface
snvironment and USDWs. Two cement plugs will be nlaced by the balance method and fhe
piugs shall be tagged and tested for seal and stability. The open hole secton will be filed with a
heavy bentonite mud. Two cement plugs are used to minimize fluid column pressure on the
formation face during the plugging operation.

1. Notify the OEPA of the intention to ciose the well(s).

2. Moniior pressure decay in the injection zone for a period of six months to determing i
injection activity has conformead with predicted values.

3 inform the OEPA of closure date 60 days before plugging and abandonment is o

commence. Submit plan fo plug with any updated changes and obtain permission o
proceed to plug. ‘

4. Displace the tubing and wellbore with sufficient frash water o flush waste out of the tubular
goods and near wellbore area {minimum of 3 injection tubing volumes). Remove all flow
lines, associated equipment and instrumentation from weilhead and immediate arsa.

5. Prepare location, move in rig, pump, tanks, pipe racks, and work string.

6. Place heavy well control fluid in one tank. Pump down tubing to Kill the well. Release
packer and pump heavy fluid down the annulus to overbalance reservoir pressure. install

blow out prevenier. Pull tubing and packer. Decontaminate fubing fo EPA standards and
prepare for final disposal.

7. Rig up wireling service unit and run appropriate logs fo assess the integrity of the protection
casing and the cement that will remain in the weli(s). Run final caliper log and metal
thickness log, temperature 10g, cement bond log on the fong string casing and pressure iest
the long siring casing using a retrievable packer assembly and a water filled annuius. Rig
down wireline service unit. Evaluate any additional actions as indicated by the MIT tesis
after review of these tests with the OEPA.
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APPENDIX 10-1 (Continued)

_ Wiix bentonite drifling mud in tank.

Run work string nsar the bottom of the well and displace mud down fubing, filling open hoie
to within 100 feet of the bottom of the casing. The required volume of the bentonite piug s
listed in Table 10-A.

Set cement retainer approximately 100 feat above casing shoe.

Displace sufficient cement balow retainer o fill up to retainer and fill 100 feet above retainer
(cement plug #1). Allow cement to set and pressure test to 2000 psig. The cement will be

Halliburton premium grade cement. The required volume of cement plug #1 is listed in
Tabie 10A-1.

Tag cement and displace fluid from top of cement plug #1 10 surface with cement (cement

plug #2). The cement will be premium grade. The required volume of cement plug £2 s
listed in Table 10-A.

mamove BOP and wellhead equipment. Cut casing off at surface and complete camenting
ot surface. Release rig and equipmesnt.

Weid a steel plate on fop of the cesing. inscribe on the plate, in & permanent manner, the
soliowing information: (1) operator name; (2) closure date; and (3) UIC permit numbar. The
surface area concrete pad around the wellhead will remain in place.

. Prepars closure report and final well status drawing and file with OEPA within 80 days. Flile

a plugging affidavit with the Ohio Geological Survey, Division of Oil and Gas and with the
OEPA, Division of Groundwater. In accordance with Ohio Administrative Code (OAC) Rule
3745.34-36D(2)(a) and OAC Rule 3745-66-15, INEOS will submit by registered mail fo the
Director of the OEPA, within 60 days of the final plugging of the injection well, a serfification
that the closure has been conducted in accordance with the specifications in the approved
Closure Plan. The ceriification wii be signed by the owner and by an independsnt,
qualified, registersd professionat enginesr.



ESTIMATED COST TO PLUG AND SECURE INJECTION WELLS (PER WELL)

Bost-Shutdown Pressure MOGBING ... ..o $21,074
PIEP@re LOGEHON ... .. oot 7.325
Rig, Purp, Tanks, Pipe RACKS ....c...c...overe (U O R 36,624
Work String, Rental TOOIS ..ot 14,650
DrassUre COMIOL FIUIT o\ttt otis et e b 7,325
Casing Pressure Test EQUIPIMENT (oo e 7.325
Logging (7-in Cafiper Log, 7-in. CBL, 7-in. Vertilog, 7-in. Casing Tempature Log) ..o 21,874
I oo 10,254
L EITBAL BB ITIBI. . oo s oo eeees et ete e e eb e eoee b s s e e 4‘395
Camenting AnG TESHNG ... oot 29,268
Planning, Supervision, Report Preparafion ... 21,874
EEBE TANKS oo e oo ee et e s e s 7,325
FIIE DISPOSAI ..o oeesroeressessesesss e e s 7,325
CONTIMGENGIES ..ot eteeeeitee s 23914

Total Estimated Cost, Per Well v rensmsrsiosssesinenanaessonsierp e $224,682.00



TABLE 10-A

NG VOLUMES FOR CLOSURE OF LilA CHEMICALS INJECTION WELLS

PLUGGH
ieil WWell Open Long Bentonite  Cement Plug Top of Cement Plug Top of
Total Casing Hole String Piug # GCement #2 Cement
Well tD Depth Shos Diameter Casing D Volume™ Volume™™ Plug #1 Volume *** Plug #2
{fr KB) (ft KiB) (inches) {inches) {bbis) {bbis} {ft KB} {bbls) {ft KB)
WDW #1 3133 2783 12.5 6.456* 47.5 28.3 2583 109.5 8
WDW #2 3172 2813 8.0 6.456" 255 19.3 2613 110.5 14
WDW #3 3165 2810 9.0 6.456 251 19.3 2610 110.8 8
WDW #4 3159 2885 9.5 6.366" 20.3 20.3 2685 110.6 9

*&

HAK

Bentonite plug fills open hole section to within 100 fee
259, excess for formation losses.
Cement plug #1 is set from 100 feet

volume plus 25% excess for formation losses.

Cement plug #2 is set from the top of cement plug #1 10 ground st

volume plus 5%.

below the casing shoe to 200 feet above the

{ of casing shoe. Volume required represents open

hole volume plus
asing shoe. Volume required represents this

rface. Volume required represents the long string casing



A

Top PatewWel iatker

Ground Level LELLS Lo )
NG g " Top of 2n6 Cameni Plug at Ground Surface
™ o)
R o ol 13 3/b-in. Hole
258 g
o _ . Sub-Lockpon 2 vy i )
@ 252 - 373 he € S 10 é-in. 0.0, Sudace Casing
b
i o
< <
g <
L=
Vz e Gein. Hole
<
v SN
%
%
7 .
< <t 74a. 0.0, Lorg Siring Casing
Trenion Limesione o < :
- - =
@ 1244 - 1262 1 3 d 2ng Cemeny Plug
_ _Black Aiver Gioup, _ . o7 v
© 1418 - 1408 k 3 it
< <
ZiEd Cemeni behind
E casing
L . _ KnoxDolomite  _ _ Cemen] plug
& 1816 1E3T & in well bore
Heavy Mud

NOT TO 5CALT

7
Aag g dagqtagqgs

Eau Claire g

R Teo ol 15 Cement Plug

& z418 28300 {approzimaissy GO I5 2cove cemeanl
Teiainiet arg)

Cemeni Reisiner Ring
{approximately 100 ft zoove cesing snoe|

_Tep ML Sunon Ss,
& 2800 - 2813 %

7-n, Cesing Shoe

Open Holg Pemcn of Wed
Filtec win Heavy Huo .

C__ _hiddie RunFa
B 3140 - N3

Proposed WDW No.d Plugpeo 2acr
Durtng Workover (o lsolale (he Miovia
Run Sechion Cored During (ne Drihing
of this Well Deeper than Onginal 1O
ol WOW No. 2 ana WOW No. 3

TO 3133 - 3408 i

® Range of depths encountered

FIGURE 10-1

GENERALIZED PLUGGING AND ABANDONMENT WELL SCHEMATIC



INEOS USA LLC
Lima, Ohio
WDW #4

ATTACHMENT A

it Post-Closure Plan



APPENDE 14-A
POST-CLOSURE PLAN

The INEOS posi-closure plan is submitted in accordance with OAC Rule 3745-34-08, 3745-34-
35 and 3745-34-61 of the Administrative Code and shall be kept at the facility at all times. The
post-closurs care period corresponds to the time it takes for the pressure in the injection zone f©
decrease to a point where it no longer infersects the base of.the lowermost USDW. TNEOS
anticipates that this will be the length of post-closure monitoring period.  However, in
accordance with Ohio Administrative Code (OAC) Rule 3745-34-51(G), the Director of the Ohio

EPA may extend the period of post-closure monitoring upon a finding that the well may
endanger a USDW.

A Reservoir information

The values for pressure at the top of the injection zone and for the waste plume location af the
end of the operational period were predicted from reservoir simulations using the SWIFT/98
groundwater flow model as gescribad in Section 5 of this permit application, it should be noted
that fhe values in Section 5 represent conservative {overestimaied) pressurization and migration
results designed to meet the requirements of 40 CFR 148 and are not representative of what
would be expscted given typical injsction well operations. The prediclive modsaling will be

updsted at closure basec on the actual injection hisfory and maazsured reservoir condifions at
the time of closure.

B. Simtus of Corrective Action for Wells in the Area of Review.

As indicated in Section 6, there arg no problem artificial penefrations of coniining zone within
the 10-mile radius cone-of-influence/area of review. Therefore, no cleanups or corrective
actions are anticipated under 3745-34-53 of the Administrative Code.

No maintenance is anticipated following the completion of the closure of the well, OAC 3745-
67-23 (dikes), 3745-67-28 (surface impoundments), 3745-67-80 (land treatrment), 3745-68-10
(landfilts) and 3745-65-81 (groundwater monitoring) are not applicable to closure of deepwells.

INEOS will continus to conduct the groundwater monitoring required by UIC Permits 1o Operate
until the pressure in the injection zone decays to the point that the well's cone of influence no
longer intersects the base of the lowermost USDW in accordance with OAC Rule 3745-34-
81(F)(2). The requirements for the closure of the above ground facifities associated with the
injection wells are addressed in tha site’s RCRA Part B Permit Closure Plan.

C. Pasi-Closure Activities



APPENDIY 11-A (Continued)

Upon closure, a survey plat will be submitted 10 the local zoning authority, to the USEPA,
Region V, to the OEPA Division of Water, and to the State Department of Public Heaith. The
© soliowing activities will be completed at the time of closure of the INEOS injection welis.

4. Survey Plat ~ The survey piat wiil include the foliowing information:

(2) The surface and subsurface locations of the welibore(s) and the strafigraphic
jocation of the injection zons.

(b) Plat to be certified by 2 professional land surveyor.

(¢} Include notice restricting disturbance of sffacted areas. Surface use of the property
will be unrestricted except at the monument.  Subsurface disturbance is not
permitted in the immediate vicinity of the borehole.

5 Nofification of the Deed
{a) The fact that the land was used o manage hzrardous wasie,

(b}  The type, location and quantity of wasie disposed of by sach injection well at the
facility. The depth of the injection zone for each injection well at the faciiity will also be
racorded on the deed in addition to the period over which iniection occurred. The

permitted injection zones for each of the site injection welis is a8 follows (depths below
Kelly Bushing Datumy:

WDW No. 1 2340-3220 ft KB
WDW No. 2 2418-2800 ft KB
VWDW No. 3 2422-3213 ft KB
WDW No. 4 2430-3223 ft KB

The predictive modeling will be updated based on the actual injection history and
measured reservoir conditions at the time of closure and recorded.

(¢} The names of the organizations inciuding the iocal zoning authority and ihe OEPA,
Division of Water, with which the plat was fiied as well as the address of the OEPA,
Division of Water.



APPENDIX 1i-A (Continued)

3. Records Management

Records reflecting the nature, composition and volume of all injection fluids will be retained

for at least three years following the well ciosurs. Al the end of the retention period, ine
records shall be delfivered to the OEPA.

D. Responsible Official
Site Direcior
INEOS USALLC
Pogt Office Box 628

- Lima, Ohio 45804

£ Estimated Cost for Post-Closure Care

Updated Predictive Modeling $128,815
Legal Filings 35,158
Post Closure Monitoring 35,158
" Contingsncy 21,377

Estimated Post-Closure Costs, Site $220,608
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Direcior of the Ohio Environmental Protection Agency Tel +1(212) 412 4000

Lazarns Government Center
122 South Front Sirest .
Columbus, Ohio 43215 o
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Re: Letter of Credit No. NYSB-2039
Dyear Sir or Madam: _ @

This letter amends our Irrevocable Standby Letter of Credit No. NYSB-2039 effective April 1,
2006 issued in your favor at the request and for the account of INEOS USA LLC.

Effective April 1, 2010, the amount is hereby decreased by USS! 678,529.00 to a-new aggrepate
amount of USE3,480,120.00 (Five Miltion Four Hundred Eighty Thousand One Hundred Twenty
00/100 U.S. Dollars).

This amendment lefier in no way changes any of the terms of the Letter of Credit, which remains
in ful| foree and effect.

if you have any guestions about this letter amendment, please contact Dawn Townsend,
Telephone (201) 499-2081, Fax (212) 412-301 1.

Plense indicate your acceptance/rejection of this smendment by signing and checking
appropriute response and refurning the copy fo us &t our ebove address.

Smcerely,

SARCLAYS BANK PLC, NEW YORK
/KR et
[ lélﬁbﬂk
DAWNTOWNSEND
AUTHORIZED SIGNATORY

(Date) April 1, 2010

This credit is subject to the most recent edilion of the Uniform Customs and Practice for Documentary
Credits, published and copyrighted by the International Chamber of Commerce.

dmended terms Acocepted Rejected
Director of the Ohjo Environmental Protection Agency

LUTHEORIZED SIGNBTURE

EBarntays Butd PLC, Tavs York Branch
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IPidorgan Chase Bank, M.A

CAY JPMiorgan Treasury Sorvices

10420 Fhghlinit Manor Diivg, 47 Floor
Tampt, Floride 53510, U.5.A

ATTH: Siandby Lettor of Credit Dept,

Date: June 2, 2010

Ta

JPMorean Trust Company, N.A.
Attzy Institutional Trust Services
Leonard Guat 312.267.5114

227 West Monroe, 26" Floor
Chicago, IL. 60606

{the “Benéficiary™)

Re: P-g24435

In respect fo our Standby Letier of Credit reference P-624435 issued in favor of the above

referenced beneficiary, this tetter shall serve as confirmation of fhe current expiration date of March
30, 2011,

Laiba Btewart

Opetaiions Risk/Controt Analyst
Global Trade Services
TPhorgan Chase Bank, N.A.

e
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éﬁ&
A4 FPRiorgan
JPNiovpon Chase Banky Mo
oo Fehiorgan Tresury Sarvices
(tiobat Trnde Services
16420 Highlant Manor Drive
Tatmpn, FL 35610
Tol.: BE6~-E82.5101
MER 3L, 2008
QUR /0 WO.: P-624435
PO : APDLICANT:

JEMORGAN TRUEBT COMPANY, N.A. LD UsS: LLGC,
AT IRSTITUTIONAL TRUST SERVICEE LIMA CHEMIGRL we ULO WELL,
{LEONARD GRAT 4592 ,2487.5014) 260 T, EBERNDOLPHE DRIVE,

327 WEST MOWROE, 26TH FLOOR CEICAGO, ILLINOIE &0601
CEICEGO, IL. 60606 :

W2 ENCLOSE EEREWITH (A% & PERMANENT PRRT OF TETS LETTER OF CREDIT) AN
TRREVOCARLE ZTANDRY LETTER OF CREDILT OPENED IN TOUR FAVOR SUBJECT TO TGCers00

"HAWEARCTTION REFERENCE WUMBER: P-BR44325

DATE AWD PLRCE OF EXPIRY: MARCH 320, 2006
' LT QUR COUNTER

ﬁOCQﬁMEN"Z‘MY CREDIT AMOUNT: UEDE, 000, 000.00
ATTRO EXTENSICN: . TED

EXTENSION PERIOD: | 12 MONTH (8)
NOTIFICATION FERIQD: 120 DAY (E)

PLELSE REVIEW THE DETAILS OF THLS BERCLOSURE AND THE ATTACHED LETTER OF
CREDTT INNEDIATILY AND CONTRCT OUR CUBTONER SERVICE ARER BT 1-866-632-5101
TF YOU HAVE ANY QUESTIONE.

A

AUTHORILZED

HENRY AVELING
ABEISTANT VICE PRE

172006 Va54580 Prpe { of 1
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Spiforpan Chave Band, KA
cfo FEiiorgun Trensuty Servless
(Hiobal Trade Servivss

10425 Highiand Mimor Drive
Tamge, FL 38610

Yol BOE-632-8101

MER 31, 2005
SUR L/C NO.: P-624435

RREVOCARELE STANDEY LETTER OF CREDIT NO. P-624435

NAME AND ADDRESBE OF IEETIRG IRETTTUTION
JENORGAN OHASE BENK, W.A.

¢/0 JOHOREAN TREASURY EERVICES

ATy STANDBY LETTER OF CREDIT DHEPT.
10420 HIGHELAND MANOR DRIVE, &7 FLOOR
TRMFR, FL 332610

DIRECTOR OF THE OHIO ENVIRONMENTAL PROTECTION AGENCY
LAZARUS GOVERNMENT CENTER

122 SOUTE FRONT BTREET

WLUMBUE, OHIO 453215

DERR SIR OR MEDAK:

WE HEREBY BRTLBLIEH OUR TREEVOCABLE STANDRY LETTER OF CRIDIT NO. TLER4ALEE
N THERE FLYOR QOF JEMORGAN TRUET COMPANTY , HAETIOWAL AEBOCIATION, BE TRUSTHE
THDER THE STEWDBY TRUST LGREEMENT OF HRRCH 30, 2005 B¢ AND BETWEEN oeD USA
TLE ANKD JPMORGAN TRURT COMPARY, AT THE REQUERT AND woR THE ACCOUNT OF L&D
Usa LLG, LIWA CEEMTOAL -~ UIT WELL, 500 B, RANDOLPH DRETVE, CHEICAGO,
TLLINOILE 60601, FOR WETRD-TAETY LIRBILITY AWRRDE OR EETTLEMERTS UP O OWE
MTLLTON AND NO/L100 U.$. DOLLARS 3,000,000.00 PER OECURRENCE AND THE
LNNUAL ALAGURBEATE AMOUNT COF TWO WMILLION AND NO/&OO T.8. DOLLARS
QE;OO0,0D0,00, POR SUDDENR ACCIDENTAL OOCURREENCES AND/OR FOR THRIRD« PRETY
LIZBILITY AWARDS 0% SETTLEMENTS UP TO THEZ LMOURT Oy THREE MILLION END
HO/100 W.S. DDLLARS‘$3,00D,OO0.0U FER OCCURRENCE AND THE ENHUAL HEGRBEATE

CANMOURT OF FIX MILLION AND WO/100 U.8, DOLLAERE $5,GDO,DDOQQD, TOR NONSUDDEN
ROCIDENTAL OOCURRENCER EVETILAELE URON DR EYENTATION OF 3 EITE®T LDEAFT.
SEARTNG REFERENCE TO TEIS LETTER OF CREDIT ¥D, P-624435.

TRTS LETTER OF CREDIT I8 ETFECTIVE AB OF MARCHE 31, 2005 AWD SHALL EXPIRE
o MBRRCE 30, 2006, BUT BUCH EYDTRATION DATE SHARLL BE AUPOMATICALLY
TYTENDED FOR A PERIOD OF ONE YEARR G MARCE 30, 2008 AND ON EACH BUCCESEIVE
EXPIRATION DATE, UNLEBE, AT LEAST ONE HUNDRED ITWENTY DRYS BRFORE THE
OURRENT EXPIRATICH DATE, WwE WOTIFY YOV, THE DIRECTOR, AND O&D TUSA LLC BY
ERTIFTED MAIL THAT WE HAVE DECTDED WOT TO EXTEND TEIR LETTER OF CREDIT

12003 UER45R0 Ppgalinf2
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%ﬁé Pliorgan
IPMotgan Chase Bank, M
clo TPiierpan Troasury Sorviess
Qlolsal Trade Berviess
30420 Highland Mvinnor Drive
"Frmips, KL 33610

Tel.; 856-632-5101

¥R 21, 2005
OUR L/C WO.: E~624435

REYOND THEE CURRENT EXPIRATION DATE.

WENEVER THEIS LETTER OF CREDIT IS DRAWH OF, TUNDER AND IN COMPLIANCE WITH

TeE TERME OF THEIS CREDIT, WE SHALL DULY BONOR SUCH DREAFT UpOW PRESENTATION
TC UB. :

WE CERTIFY THAT THE WORDING OF THIE $RTTER OF CREDIT I8 IDENTICRL T0 THE
WORDING SPECIFIED IN PARRGRRFE (K) OF RULE 3745-55-8L OF THE

AUMTRTSTRATIVE CODE AS SUCH REGULATIONE WERE CONSTITITED ON THE DATE SHOWN
THMEDIATELY BELOW,

JPMORGEN CHASE BAWK, N.A.

,.«o"’""-l '

n

“
o

TERETURETN

(g
- {TITLE) ' O HENRY AVELENQ_
DLW MARCE 34, 2005 ASBISTANT VICE PRESIDENT

TETS CREDIT I8 SUSJEZCT TO THE UNIFORM CUSTOKS 2KD PRACTICE FOR DOCUMENTARY
CREDITS (1893 REVISION), PUBLISHED AND “OPYRIGHETED BY THE INTERNRTIONAL
CELMBER OF COMNERCE, PUBLICRTION HO. 500.

[
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GEOLOGY

WDW Nos. 1, 2, 3 and 4 are jocated in Sactions 2 and i1 of Shawnes Township in Alien County,

Ohio (Figure 4-1). The foliowing sections provide both jocal and reglonal geologic information
serfaining fo the four injection wells at the INEOS faciiity.

Regional Geology

The following sections discuss she ragional gaologic setiing in the vicinity of the INEOS faciiity In
ordar to gemonstrate he continuity and physical properties of oritical geologic units.

Regional Geoiogic History

The INECS facility is located on the indiana Ohio Platform, which is & posifive arsa bstween the
Wichigan, Appalachian and Hinois Basing (Wickstrom, st @l 1992, Figure 4-1). struciural refief
on the indiana Ohio Platform is generally the syl of differential subsidence of the surrounding
basins 25 opposed {0 taotonic uplift (Wicksirom, stal, 1982} '

During the Precambrian (Kewsenawan), 2 period of exiansion pravailed in the Wiid Continent o
North Amarica which iag to the formation of the Wid Continental Rifi System, and associaied East
Continent Rift Basin, with the pask of fifling, associzted volcanic activity and deposition of
sadirmeantary rocks occurring 2i this time (Baranoski, 2002, Drahovzal, el af, 1982). A mMOTE
dataiizg discussion of Sracambrian Tifting and sadimentation (Middis Run Formation) ks inclugst
in the seciions on Regionat Syratigraphy and Struciure.

The baginning of the compressional phase of the Grenviian Orogeny marks the terminafion of
Kawsanawan rifiing (East Continznt Rift Basin). Rocks of the Granvilie Province were thrust north-
northwastward onte the older eraton with accompanying ragional metamorphism and additional
phutonism which accounts for the increase of crustal thickness along the Grenville Front (Grenvilie
Tecionic Zone) (Heshn and Hinze, 1992). Movement along the north-south trending Bowling Grean
Eault Zone and associaied Outiet Faull zones initiated during the Grenvilie Orogeny (Figures 4-2
and 4-3). Paieozoic raactivation along the Bowiing Green Fault is discussed in Section 4.1.3 -
Regional Struciurs. Santos (2002) analyzed datailed zircon grains from fhe Pregarmprian Middlz
mun Formation and daterminad iis maximum a9 s 1.048 Ga {billion ysars) = 72 Wa (million
y=ars).

During the Late Pracambrian and into the Cambrian, the North American piate began 0 separais
srom northern Europe sast of the Grenville Mountains. Ths ancient profo -Aflantic japeius Ssa
openzd and by the { ate Cambrian the stable margin of the sea became the site of subsidence
and the accumulation of terrigenedus clastics. The Cambrian 582 moved across Ohio from sast
to west a5 ihe passive margin subsidad. The Cambrian section thersfore rapresents an overall
{ransgressive depositional sequence (Harris and Barancski, 1986). The bzsal sandsioneg, namsad
the Mt Simon, 1s 3 quartz-rich, oceasionally arkesic, fing 1© soarse-grained sandsfone. This was

Revised Ociober 2010



deposited unconformably upon the Pracambrizn {(Janssens, 1873), and i interpreiad fo be a
warmiar bar seguance which migraied across & basal lagoonal estuarine seguence (Saszad, 2002).

The Eau Claire Formaiion {Cambrian) conformably overlies the WML Simon Sandsions with 2
gradational contact Lithologically, the Eau Claire is 2 blend of very iine o fine grained,
gizuconiiic, quanz sandstone, sitstone, dntomite and shaie (Janssans, 4073).  Glauconitic
sandstons with increasso carbonates owards the 0D of the seciion indicais increasingly maring
conditions during deposiiion of the Eau Claire.

When sea floor spreading slowed during tectonically guiescent periods, carbonate daposits of the
Knox Group occurred on the shelf (Hansen, 1007 and Miicl, 1296). In northwestern Ohio, the
Knox Group (Cambro-@rcﬂovic‘!an) is referred 10 by Janssans (1973) =2s the undifferentiaied Knox
Solomite where i consists of white 1© light gray dolomite and dolomitic sandstons with glauconiie
praseni at the top of the saction (Wickstrom, et al, 1882),

The transition from deposition on 2 passive margin o deposition oh 2 convergent margin causad
the Knox Doilomite o be fruncated by & major regional unconformity (VWickstrom, et al, 1982,
Read, 1880). The confinent wes uplified and karst iopography and sesociziad drainage pattems
probably formed on the expesed sunace {Dolly and Bush, 1072 Mussman and Read, 1936, from
Wicksirom, et al, 1282},

Solowing eresion of the Knox surace, the land bagan 1o subsids and & shallow sea covered the

iy}

raz. resuliing in @ brisf parind of intercalated clastic and carbonate sedimentation, repragentad
by the Wells Crask Eormation (Wicksirom, et al, 1992). Continued encroachment of fhe ssa from
sast 1o west caussd the gepesition of fhe Ordovician Black River Group {micriic to finely
crysialiine iimestone) in environmeanis ranging from subtidal io interiidat (Wickstrom, gt at, 1982).

Subsaquent o the deposiiion of ihe Biack River Group, the apairic ssa deepenad and bscame
more normal manng in coOMposion. Sanioniies at ihe top of the migck River Group are evidence
that the Taconic Orogeny was increasing in intensity to the 2zst (Wicksirom, et al, 1982). The
deepening of the sea resulied in the depesition of the masal, subtidal and open-sheil facies of tha
Ordovician Trenion Limasions. As = result of the subsidence of the proto—Appa&achtan Basin
ang the zarly stages of the Taconic Orogany, the deposition of the basal Trenton facies snded
which is marked by a changs in depositional strike from north-south io northeast-southwest. This
causad & shallowing of the sea o the northwest and the deposition of the thick carbonates of the
platform facies of the Trenton (Figure 4-4), Southeast of the platform, in geaper water, the Point
Pleasant (interbedded shale and limastone) was deposiiad {(Wickstrom, et al, 1982).

The and of Trenton deposition was orobably the resuil of & more intense phasea of the Taconic
Orogeny (Hudson Valley Phase) (Tius. 1888; irom Wickstrom, et al, 1992), This was marked by
rapid subsidence and/or rise in sze level In northwest Ohio, the sea movad westward and in
affect drownad the Trenion carhonate platform and deposiied the Cincinnati Group {shales and
imastones) {Wickstrom, et al, 1992). Al this time, the Bowling Green Fault Zong was nrobably
reacivated. '
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The Ordovician-Silurian s poestuiated fo be unconformable in adiacent portions of indiana, bzsad
upon faunal evidence.  Howsver, Wickstrom, at al., (1862) finds no physical avigence for this In
norhwasiern Ohio and therefore the nature of the contact is quastionable.

Throughout the Silurian, the Taconic Mountains continued io erode during & fime of tecionic
stabifity, Thin-badded shales and limasiones of the Lower Siiurian gemonsirats that northweasiar
Ohip, while confinuing to subside, was locaiad far from the provenance for {amigensous ciashics.

- Daposition of the Lockport Group and the undifferentiated dolomites of the 3aling Group further

axemplify the guisscence of the period. Northwesiern Onio was sub-asrially exposed during the
Upper Silurian and Devonian Peringds and eresion removed the fop of the Salina Group. While
the antire arez of Ohio was probably covered by Mississippian through Lowar Permian
sediments, al ona lime, subaenal exposure and zssonciated srosion during the iWesozoic and
Cenozoic rermnoved these formations {Bownockar, 1920).

Dleisiocens glaciation resulied in the deposifion of Wisconsian-agad end moraines, ground
moraines and associaied outwash plains disconformably upon the post-Silurian srosional surfacs.

Regionsl Stratigraphy

The siratigraphic nomenclature utifized in this report is shown on the gensralized stratigraphic
column (Figure 4-5), Regional cross-seciions A-A’ and B-B' (Drawings 4-1 and 4-2), are included
to show regional continuity and characiaristics of the Paleozoic formafions.

Precambrian Sasement Complex
The Pragambrian unconformity surface in Ohio 1s divided by the Grenville Front which separaies
metamorphic rocks of the Grenvilie Province from the older Graniie-Rhyolite Province and East
Continent Rift Basin sedimentary and voleanic rocks in wasiern Ohio (Baranoskl, & al, 2002)
(Figure 4-2), The Grenvilie Province is younger than the East Continant Rifi Basin rocks.
Theories of Precambrian rifiing proposad by Lucius and Von Frese, 1888, and other workers
were substaniiaied with the discovary of Pracambrian eged sedimentary rocks in the stratigraphic
tast drilled by the Ohio Geological Survey in Warren County in 1988, and the stratigrephic 1est
(WDW No. 4) drilled by INEOS in 1961 This led fo the re-exarmination of cutlings from walls in
Ohio and & was discoverad that Precambrian samples praviously describad a5 granilic wars
ctually sedimeniary rocks.  This csvealed that  Precambrian  sedimentary rocks iz
anconformably below the Cambrian section and led to the naming of the Middiz Run Formation
(Shrake, =t al, 1890, 1991, 1892 Dranovzal et al, 1982). Drahovzal &t al, (1982) estimaies
upwards of 20,000 fest of sadimantary and volcanic rocks could be present in the East Continant
Rifi Basin {Figure 4-5}.

Tha Middie Run Formaifion in the Warren County test is 2 well indurated, fine o madium grainad
sandstone fhat is predominantly siice camentad, The approximate areal extent of the sandsionz
was determined 1o be 30 miles wide by ©29 miles jong exiending across westarn Ohio (Shrake,
gtal 1981, Ths INEOS strafigraphic test well penetraizg 255 feet of the iMiddie Run Formation
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nefore reaching a total depth of 3400 fzet. The upper poriion of the iiddie Run lizs within the
injaction interval.

aht. Simon Szndstone (Cambrian}

The Wit Sirmon is & widespread, very fine to coarse grainad, parily congiomeralic sandsione that
lies unconformably upon he Sracambran in wesiern Chio. A tzsal conglomerate overlies the
Srecambrian srosional surface (Janssens, 1973}, In a recent WS Thasis from Bowling Green
State University, Sased (2002) gaseribes the ML Simon in the ODNR Warren County well a8 2
generally coarsening upward sequence of sandsione, silisione and minot clay sione. Tidal
rhythmites, flaser, lenticular and wavy bedding. mugd-drapes, intraciasts and significant
hicturbation struciures attest 10 2 shaliow marine figaty-influenced depositional setiing. The
coarsening upward sequence is interpretad as @ fransgressive barrier sequUBnce which migrated
shove 2 basal lagoonal estuaring suscession (Sased, 2002) (Figure 4-8).

The Wi Simon Sandstone lacks index fossils and its precise age e uncartain (Sassd 2002).
Triiobites in the Eau Claire Formation {above the ML Simon) ars iate iiiddiz Cambrian o garly
iate Cambrian in age which implies the Mt Sirmon is roughly Middle Cambrian {Babock, 1984},

Historically, the ML Simon has seen disiinguished from the ovarlying Eau Ciaire Formation by the
absence of glauconite (Janssens, 1973)  However, sOMe glauconite may DE present at the op
of tha Wit Simon indicaling increasingly marine conditions. Glauconite was noted in the 1op of the
Wit Simon at the INEOS site. The ML Simon Sandsions ranges in thickness regionally from 140
tmat 1o 350 feei {Janssens, 1973} (Figurs 4-7). The Wit Simon is 340 feet thick at the INECE
acility. '

The contact and correiation of the Eau Claire-Mi Simon Sandsions iz furiher discussad in the
saction on Local Geology. However, it should be noted that the coniact displaysd on the regional
srogs-sections is the preferrsd pick of the ODNR (Rea and Wickstrom, st al, 1891% rlowever,
Sased (2002) picks the tOp of the Mt Simon at the fop of the lower gamma ray respense gl the
top of the mors massive sand seguencs (Figuie 4-9),

Ezy Claire Formation (Cambrian)

The Eau Claire Formalion contormably overfies the ML Simon Sandstons and consisis of very

fine fo fine grained, glauconitic quarz sandsions, silisione, dolomite and shale (Jansgsans, 1873).
It ie mors sandy ai the base with carbonate content increasing in the upper part of the formation.
Approximately 34 miles east of the study area there i« 2 facies changs where the Fau Clairs 18

subdivided inio the Kerbel, Roms and Conasauga Formations (Figurs £.107.

he Cau Claire rangss in thickness srorn l2ss than 300 fset in the nonhsest 1o more than 500 el
in tha southwast. The Eau Claire s 382 fest thick at the INEOS site and comprises part of the
injection and arrestment infervals,



Koy Dolomite ﬁCambo—@m’zow‘acian}

The Knox Dolomite (undifferentiated) in northwestern Ohio is Composed of white io light gray
crysialling dolomite contzining glauconitic siitsiong and minor inierbedded silty dolomite near the
kase of the formation {Janssens, 1273). Glauconiie is present near ihe 10p of the formation
(Wicksirom, et al 1882). The base of the Knox is transitional with the Eau Claire Formation. The
Knox Dolomite ranges in thicknass from approximately 200 fast in the northeast t© aporoximately
200 feet in the southwest (Figure 4-1 1). The Knox Dolomite is 500 fest thick at ihe INEQCS site
and the lowar half is the confining zone for injectad fluids.

Welle Crask Formation (Ordovician) ‘

Lying unconformably upon the Knox Dolomite, the Weils Cresk Formation is composed of
distinclive gresn, waxy, dolormiiic and pyr’sﬁc shale with some argiiiacedus carbonates, Drown,
gray and black shales, and minof amounts of sandstone and siltstone  {Wickstrom). The
thickness of the Wells Creek is related o the Knox Dolomite paleotopography. Le., thin sactions
of Walls Cresk correspond o hick sequences of Knox Dolomite {Wickstrom, &t al, 19892). The
maxirnum thickness of the Welis Creek is 30 feel. The Wells Creek is 18 fest thick at the INEGS
site.

Siack River Group (Ordovician)

The Biack River Group conformably overiies the Welis Creek Formafion sxcept where relief on
thz posi-Knox erosional surface was enough o prechide depesition of the Weills Creak, in which
case it liss upon the KnoX unconformity.  Lithologically, the Black River group consists of tan.
light-brown or gray mieritic fo finely crystalline limesions with some fossiiiferous zones
Santonites are abundanit at ths ©p of the formation (Wickstrom, &t al, 1092). Regionally, the
tnickness of the Black River Group fanges from 300 feet in the wasi 1o 480 fzef in the sast
(Figure 4-12). The Biack River Group is 391 feai thick 2t the INEOS site.

Trepton Limesions {Ordovictan)

The contact of the Trenton Limesions and Black River Group s conformable and is determinad
regionally on the basis of & prominant benionite marker, In general, the Trenion Limastons 18 2
fossifiterous fimestone with 2 dark-gray 5o light-brown matrix. “hin shale beds are common. The
Tranion Limesione in northwest Ohio consists of platform, piatform margin and open shelf facies
(Wickstrom, et al, 1932) (Figure 4-4), The INEOS site is within the piatform tacies. The fop of
fhe Trenton was an important ol progucer during ths sarly 1900's.

ha Trenton Limesione rangss in shickness from 200 — 300 fest 10 the northwesi and thins
abruptly o iess than 100 fsat to the southsast (Figurs 4-13) Southsast of the Tranton platform
the Point Pleasent interbedded shales and limesione were deposited (Figure 4-14). The Trenion
Limestone is 174 faet thick at the INEOS facility.

Cincinnati Group - Undiffereniiated (Ordovician)
The contact of the Cincinnati Group with the underiying Trenton Limesions is sharp and sasily
distinguishable on geophysical logs. The Cincinnati Group grades upward from light to dark gray
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calcarsous shales and silty shaies to lighi-gray o green caicareous shalss intarbadded with fine
i medium crystaline fossiiiferous lirnesions and dolomiles (Wicksirom, ot al, 1992). The
Cincinnati Group rangss from 700 feet o the west o approximalaly 950 fzet o the sast (Figure b
15). The Cincinnati Group is 888 feet thick at the INEOS site.

Lowermost Undiferentiated Silurian Rocks

The contact of the fowarmest andifierentiaied Silurian rocks with the underlying Cincinnati Group
is thought o be unconformable in indiana besad on faunal evidence. Howevel, no physical
evidence s present in northwestarn  Ohio (Wicksirom, & al 1892). The jowarmost
undifferentiated Silurian rocks consist of hin hedded gray calcaredus shales and white crystatfine
fimestones. In north-cantral Ohio, the lowarmost undifferentiated Siiurian rocks can be divided
into the Brassiield Eormation (argilaceous imastone), the Cabot Head Formation (limesione) and
the Dayion and Rochester formations (shale). Through & series of facies changes and pinchouis,
these formations do not corralate to the west (AS giscussed in the Hydrology saction, the base of
the lowarmosi undifferentiated Silurian rocks i defined as the bese of e jowarmest USDW.)
The lowermaost undiffereniiated Silurian rocke are 58 fest thick at the INEOS faclify.

Lockport Group (Siturian)

The Loskport Group, also refarred to 28 the LOCKpON Dolomite, is subdivided regionally Into ihe
Gasport, Goal iziand and the Guaipn Dolomites, Thess formations are present throughout the
region but the contacts betwaen them are fransitional, making corralation betwaen them 2nuous
and therefore are not differentiated in this study. The Lockpori in Ohlo and adiacent areas is
knewn for containing recfs, massive accurnulations of skeletal framawork and debris from an
abundance of reef buiiding prganisms (Hansen, 1088). The |_oskport Group ie 400 feei thick at
fhe INEOS site.

Plaistocans Glachal Deposits

During ths Wiesozoic and Cenozolc, the region wes subaerially expossd resuliing moderale
raliaf topography and incisad drainage. The Lockpor Group is the main source of drinking water
in northwestern Ohio and the base i¢ considared to be the base of the 3000 mg/L USDW. As
discussad in the section on Geologic Hisiony, posi-Silurian rocks wera ramoved DY erosion. The
Pleisipcane in the study arsa consisis of Wisconsinan glacial deposits. These lie disconformably
upon the posi-Siturian arosionat surface and consist of and moraines, ground morainges and
outwash plains and range in combinad thickness from 30 to 300 fest (Figure 4-18). The Forl
Wayne, Wabash and St Johng moraines Cross the study area along sast-west lines and are the
most prominant ramnant glacial landforms in the arez (Figure 4-17)

Regional Structure

This section is & discussion of the Precambrian ctructural elements of the region and the rejation
io the overlying Paleozoic saction, In which the Cambrian-Mi Simon and Eau Claire Formations

comorise the injection Zone, and the lower haif of the Knox Dotomite comprises the confining
zone at the INEOS siie.
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The regional struciure on the Dracambrian unconformity and the relation io Paleczoic structurs is
intarprated and discussed based on regional studias encompassing magnetic gravity, SBISMIC
and wall data (geophysical fogs and cuttings).

The Grenville Front {Granvilie Tactonic 7one) and the East Coniinent Rift Basin (Fort Wayne Rift)
dominate the Pracambrian siructure of northwestarn Ohio (Figure 4-2).

The position of the Grenviile Eront is well defined by the residual asromagneiic map of the state
of Ohio (Wickstrom, et al, 1982) (Figure 4-18). The Grenville Front is the result of the
compressiong! phase of the Grenville Orogeny, when rocks of the Grenville Province wers thrust
{northunorihwesm'ard) onio the oider craton (Hoehn and Hinze, 1987).

Located approximately 30 miles sast of the INEOS facility, the Bowling Graen Fault Zones and the
sssotiaied outlel fault zone coincide with the Grenville Froni (Wickstrom, &t al, 1882) (Figure 4-
). Thes Bowling Green raull is reverse in nature, upthrown 1o the ezsi and extends at isast 45
miles from Hancock io Lucas County. Dus to deviations of fis trace, variations of offset anc
several associated faults, the fault zone is consigered o be a compiex wrench sysiem
(Wickstrom, ef al, 1892). It is interpreted io have had three primary episodes of movemeant:
Sracambrian, Ordovician, and Silurian,  Ordovician movemant ant displacemeant of rocks 18
svideni on & seismic profile (Figure 4-18). An episode of fauling ocourred concurrant with of
slightly after Trenion deposition, probably & byproduct of the Hudson Valley Phase of the Taconic
Orogeny (Tius, 1888, Wickstiom, et al, 1892). Structural coniour maps of the Knox, Trenton and
Cincinnati Groups exhibit displacement along the fauli zones (Figures 420, 4-2% and 4-22).
Silurian movement is exemplified Dy exposures of Silurian bedrock at the France Stone Co.
Waterville Quarry in Wood County. Al this outcrop, fault gouge is apparent (Wickstrom, &t &l,
1982). Recurrent movement of the Bowiing Green Fault zone is confirmad by Onasch (1285).
Onasch has documentad not only several periods of Paleozoic movemant bul  possibly
Sretaceous and youngar aciivity.

The second fsature important o the Precambrian structure of northwesiam Ohio is the East
Coniinent Rift Basin and associated Fort Wayna Rift Zons (Figure 4.2}, In racent years, much
sitention has been focused on this aree, especially afiar the discovary of Precambrian
sedimantary rocks below ihe Cambrian ML Simon Sandstone, in the Warren County siratigraphic
tasi conductad by the Ohio Geological Survay (Shrake, et al, 1990) and by the siraiigraphic tesi
wali (WDW No. 4 ) drilled Dy INECS in 18381

Many workers had speculaiad on the pressnce of Pracambrian rifis in western Ohio, UsIng
magnetic and gravity daia (Baranoski, 2002). The discovery of Precambrian sedimeniary rocks

(Middle Run Formation) was additionat proof of Pracarnbrian rifing and the exisience of the East
Continent Rift Basin and the associated Fort Waynz Riff Zons {(Figure 4-2}.

The Ezst Continent Rift Basin (Fort Wayne Rift Zone) is postulated fo De shightly older than the
Granville Province, but posi-dates the Caniral Granita-Rhyolite Province (Drahovzal et al, 1882Z;
Hoshn and Hinze, 1822}



The structurs coniour map of the Pracambrian published by fhe Ohin Department of Waiural
Besources, Division of Geological Survey (Barancski, 2002) utitized available well control and
selsmic date (Figure 4-23; entire map Appendix 4-1). As depicied on the map, 2 series of faull
hlocks have besn mapped along the Cocorp (OH-1) setsmic time run through Shelby, Logan and
Urion counties. This ins is approximately 18 miles south of the INECS site. This series of faull
hlocks i coincident with the Fori Wayne Rift Zone and coincides with the asromagnefic
anamoliss mapped by Hilgenbrand and Kucks (Figure 4-18) in 1984,

Pajeozolc siruciure maps compiled by Janssens (1973) and Vickstrom et al (1992) do not
indicate any evidence of Paleczoic involvamant of reactivation in this area of taulting (Figurss 4-
20 through 4-25). in addition, and as will be discussed in more daial in the saciion on Local
Sructure, no evidsnce of Salenzoic movement is evident on seiemic lines run near the INEOS
facility (Brune, 1981 paranoski 2002; Paramo, 2002, Wolfe 1983).

geveral unpublishad studies which inctuds Heaidorn (M.S. Thesie, 1979) anc Stone and Wabster
'(’1976)‘ postulated the existence of 2 numbar of faults in northwestern Ohio which previousiy were
unrecognized, Thase have hesp named the Anna. Augiaize, {ogan-Hardin and Union Faults

(Figurs 4-28).

Thare is some corratation of a poriion of the Anna, |pgan-Hardin and Union Faulis to both the
faults mappad on the Cocom OR-1 lins and anomalizs on the aaromagneiic map. Howsavel, the
speculative Augiaize Fault doss not szem o correlaie with the ssismic line or the asromagneiic
map. The Auglaize Tault srend is depicied on the Brecambrian struciure map of Baranoski 2002
ag infarrad with "dispiacemant guestionable” In addition, as Wickstrom, et al 1092 states, there
= no direct svidence of Paleczoic movamant along hese iranas and their posiiions are highly
spaculaiive.

=i
=
G}

closest (approximaigly B miles) propesed faull to the INEOS site is the Auglaize Fault that
has hosn studied by several workers. The studies will be summarized helow.

Stone and Webster (1878) reporied that the Augiaize Fault trends northeast-southwest, is
upthrown o he southsast and nas displacemnant of 50 $eot on top of the Trenion Limestons
{Janssens, 1881) Appandix 4-2; Figurs 427 Howevel, a8 stated by Janssens, only selectad
Tranton wells wers utilized © confirm the faull trace and i all Trenion daia 18 incorporated, the
fault cannot be mappad and only regional dip is presant

Haidorn (1879) s 2 ML.S. Thasis from Wright Stats University that theorizes that 2 faull (Auglaize)
influsnced the gevelopment of the buried bedrock valley, & gributary of the Teays Valley System,
which bisects Augiaize County. To suppoti this, a gravity survey was mads o gather badrock
nformation and & Trenion stuciure mapd was constructed.  As in fhe case of the Stons and

\Webster repori, only sajscizd Trenion wells were incorporated into the thesis and if all available
date were ufilized, only regional dip is presant (Janssans, 1991} (Appandix 4-2). 1N addition, it i

Janssans' opinion that @ gravity study “is @ proper ong in explore for such features as salt domses
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and ore bodies bui not to ssarch for such subtle density — conirast features such as Precambrian
pasemen: or ovarlying Paleozoic sedimentary rocks.” 1 is also important fo noie that Heidorn's
version of the fault is mapped to the wesl of Stone and Webster's Augiaize Fault and the sense of
throw s reversed, ie., upthrown 10 the northwest insiead of to the southsest.  This further
exemplifies the highly spaculaiive nature of the Auglaize Faull.

Wickstrom (1990, 1982) propesed that the Auglaize and Logan-Hardin Faulls ware coniroiling
faciors for the development and position of the Trenion carbonate platform ang that they hat
possibie Palsozoic reaciivation.  bowevsT, structure maps of the Knox Dolormite and Trenion
Limastons show only regional dip fo e northwest (Figures 4-20 and 4-21).

in response to the possibility of Trenion 298 and Palzozoic faulting in general, Rike (1988
performad & defailed subsurtace structural analysis (utifizing exiensive well conirol} of the
Trenton Limeastone for 2 distance of 8 miles surrounding the INEOS site (a2 summary by §.A. Lang
of tha Rike, 1986 report is included 2s Appendix 4-3}). sithough some small scale closures are
mappad, no faulls wers datacted in ihis study (Drawing 433

Regionally, as far as Palepzoic sachion s concerned, ihare is definite proof that there was
reactivation along the Bowling Graen “ault Zone, which is approximately thirty miles from the
INEOQS site (Figures 4-20, 4-21 and 4-22). There is also evidence of Paleczoic reaciivation along
the Fort Wayns Rift Zone which is approximaiely 14 miles south of the INECS site (Baranoski,
2002). Baranoski (2002) uiilized the COCORP OH-1 seismic line 2s parl of his siudy (Figure 4-
23; Appandix 4-1). This is in contrast o the work of Janssens (1973), which utitized limiisd weail
contro! and did not raveal Paisozoic tzuling along the arse iaier designated s the Forl Wayne
RifL.

The asromagnetic map (Figurs £.18) of Hildenbrand and Kucks {1884} which is utilizeg in
Wicksirom &t al (1892) displays significant magnatic anomalies which align and coincide with the
For Wayns Rift (14 miles South) and Bowling Green Fault Zones {31 miles East). No anomaiias
of this intensity or inear naturg Ocour in ths immadiate vicinity of the INEOS siiz.

In the region adjacent to the INECOS facility, Precambrian and Palaozoic structure to the top with
the Eay Claire exhibits regional dip 10 the northwast, changing 1o @ more northerly regional dip on
progressivaly younger formations (Figures 4-20 through 4-25; Janssans, 1G7% Wickstrom, et al,
1982), In addiiion, the rate of dip dscreases upward in the saction.  This coincides with
Wicksirom's (1982) description of the indianz Ohio platform struciural relisf as resuliing from
diffierential subsidence of the surrounding basins as opposed 1© izctonic upiift.

in conclusion, it appears that the closest dosumented Precambrian fauling with Paleozoic
reaciivation is locatad approximately fourtesn miles o the south of the INECS site in the Fort
wayns Rift Zone. Paleczolc reaciivation also occurrad along the Bowling Green Faul Zong,
approximately thirty miles o the east of the INEOS site. The highly spaculative Auglaize Fauli,
approximately 8 milzs southsast of the siie has gussiionabiz oracambrian dispiacemsant and
_highly unlikely Balaozoic movement (Baranoski, 2002). Fusther discussions on local structure



and inferpretation of seismic iines run a the INEOS siie are providad in Section 42 9and 4201
Thase fines weare vary useful In dsiinaating siructure at the INEOS site, considering the paucity of
sub-Trenton data (wall control).

Selgmic Activity

Earthauake epicsniers within the INECS rsgion are smbuiatad in Appendix 44 based O
information through May 1, 2010, feam the Advanced National Seismic Systern. The region
searchad for earthguakes is 78° W o 90° W longitude and 35" N to 45° N iafitude. A map
showing sarthguakes in this ragion is includad in Appendix 4-4. Also inciudad in Appendix 4-4
and =5 Figurs 4-28 is 8 map of earthguakes local to the INEQS site. Figure 4-28 shows
sarthguakes ihat have been rseordad from 1775 through May 1, 5040, The University of Michigan
monitored the Annz Saismogenic Region, where the INECS facility is located, from 1976 10 1892
Significznt historical sarthgquakes through 1282 in the general vicinity of the INEQS site, reporied
in fterature and recorded by the University of Michigan are listed in Table 4-1. In addition, INEOCS
mainiains 2 selsmic monitoring instrumant on sits that has been operationai since Wiarch 1881
Seismic records ars obfained with 2 Mark Products downhole friaxial geophone and fransducers
and & Kinemeatrics recorder. The operafion of thes2 instrumeants s summarized in guarterly
reports. A fecent saismic monkioring quarnierly report Iz includad in Appendix 7-8. During the
period 1998 through sarly 2005, no iocal evenis recordad by the instruments  displayed
characterisiics sssociated with sither natural of inducad seismicity. any svents ars atiributed i©
high levels of activity and background noise sssociated with INECS facility operations, such 28
passing trucks (Gecsclance Services, 18G4,

Two local sarthguakes occurred nsar Lima in o006, the Way 12, 2006, sarthauake with
magnituds 2.8 and the August 15, 2008, =arthquake with magniiude 2.5 Both avenis were
jocaied approximaisty 2 miles east of the INECS faclity. series of 85 iocal microsarthguakes
was recorded by the INEOS saismic monionng sysiem baginning on March 25, 2005, and ending
on Warch 28, 2008, The foliowing desoription of the magnitudes and iccations ©F the
microsarthguakes was excerpied from Wasion G=ophysical (2008):

Analyses of racordad 52IBMOGrams including measuremant of paak vibration ampiitudes
and time separation between P and $ wave arrivals producad the foliowing estimaiad
magnitudss and focal distances from the BPC sseismic monitor. Magnitudes range from -
4 5t +0.5. Four events are \ocated closar fo the monitor in & distance range from about
4 5 to 2.5 km. Remaining events are mors distant in the range of about 4 0 10 D km. All
avenis are oo smal o have bean detected Dy ragional ssismograph siations, whish
typically operate with a magnitude deisction threshold of Mi=2.0, or larger Tharsfore,
sccurate locations for these avenis caAnno! be daterminad using just ihe single stafion
records obiained at BPC [the INEOS saismic station].

INEOS has not recordad any saismic activity related 1o injection operations.

The historical data indicats the majority of selsmic acilvity has ocourred near Anna, Ohio where
tha first weli-documentad sarthguake in Onio was racordad in 1875, 1t was estimatzd 1o be 2
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Wodified Mercalll infensity Vio intense enough 10 cause damage o poorly consiructed buildings.
Appendix 4-5 dascribes the Modified iisrcalii intensity Scale.

The small- to mediurm-sized sarthguakes of the Anna Seismogenic Region shown on Figure 4-29
coincide with the Pracambrian taulis of the Fort Wayne Rift Zone dalinsated by the COCORP
(OH-1) seismic ling and depiciad cn the pPracambrian struchure map compiled by the ODNR,
Division of Geological Survey (Baranoski, 2002; Figure 4-23). The depths of the small evenis
nonheast of Annaz are between three .and six miles bassd on P-wave arrival fime, in gensral, the
seismicity of the Anna Selsmoganic Region is consistenily desper than thrae miles for the evenis
in which data are available. These depihs are consisteni with the concept of deep-ssated
Pracambrian fauliing and are eonsiderably deeper than the injection zone at the INEOS facility.

Local Geology

The foliowing sections present ihe geoiogic information available in ihe vicinity of the INECS
injaction well facility.

Local Structure

Saigmic reflection data were coliectad by INEOS during the period from 1888 10 1981, Deiails of
the seismic reflaction survey and 8 summary of the results are summarized in this section, Tne
original report (Bruns, 1291) i included as Appendix £4-5. Cross-sections A-A" and B-B’ show the
continuity of the injection zone and shaliower horizons (Drawings 4-1 and 4-2).

Dus to the lack of well conirol deepar than the Trenion Limastons, only very local struciure
contour maps of the Top of Wi Simon, Fau Claire and Knoy Dolomite could be gensrated
(Figures 4-33, 4-34 and 4-35). Rike (1989) peﬁorméd » detsiied structural anzlysis of the
Trenton Limestone utilizing abundant wall control.  This map is includad as Drawing 4-3. A
summary by 8.A. Lang of Rike's raport is included as Appendix 4-3.

Seismic Refiection Survey

A seismic reflection survey Was sonducted by INEOS from 4988 io 1091 in order to mest the
permil requiremants in Ohio EPA Part H{D)(5) for the parmitted deep walls that require “adsgquate
seismic lines ang profiles... 10 provide information on the deep struciure of the area” (Brune,
1991). A deiailed gescription of the seismic program and avaluation is providad in Appendix 4-6.

The following summary s hased on Bruns (1981}

Lpproximatgly 70 miles of seismic data, all af which ware 30 or 50 fold, were acguired on 13
finee. A synthefic seismOgram was generated from & sonic log from the INEOS injection walls
(Figurs &-30). Al of the acquisition work and most of the processing wes performed by
geophysical coniracting COMPanies. Tables 4-2, 4-3 and 4-4 summarize the chronology,
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acguisition and Drocessing parameters. For guality conirol during the 19588 and 1980 program, &
third party technical represeniative was present during acquisiion.

The seismic investigation of 1988 and 1880 focused on the area southeast of the INEOS facility
in order io invesiigate the presence of the postutated Auglaize and Teay Tributary of related
fautte and most imporiantly, evidence of Palsozoic reaciivafion. The 1980 ssismic program
consisted of szst-west and north-south fines that boxed in the INEOS site and provided the pOINts
for the 1988 and 1088 data (Figure 4.31). Three seismic reflactors ware recognized and uiitized
in the study; the Trenton, Eau Claire and the ML Simon. The synthetic seismogram was
correlated to the seismic lings &s shown in Figure 4-30. The best refiecior correlates io a tight
-ons near the fop of the Eau Claire Formation and could be fraced throughout the arez. Precise
picks of the base of the Wit Simon (Top of Bracambrian unconformity), evenis within the
Bracambrian and the fop of the Knox Dolomite were not possibie,

interpretation of ihe Pracambrian structurs indicatad that there is evidence of Precambrian
struciure consisting of possivie faults of sracture planes. In Mest cases, these lack avidence of
vertical throw. Brunz (18¢1), Chapier 8, p. 2, para. 4 staies “There is avidence of some faulting
in the pre-Mt Simon, and thers is probable evidence of many possible #ractureffaull planes seen
by horizontal saismic evans erminations and dim spots.  Howeaver, there is = sighificant concarm
that such evenis can be confused with various noise sources andfor oui-of-the-plans seismic
avents.” Also see p.3, chapier 5 Horizonial Nolse and Fault Planes.

The Eau Claire reflecior was constant throughout e arsd and showed no evidencs of fauliing.
Siatistical scatier of the Eau Ciaire raflector was enough © ohscure the known ragional dip
{northwest) which rade contouring the date pointiess, However, it can bs determined that the
Eau Claire Formation is sgsentially fial. The Trenfon Limesione reflecior was consistent
throughout the argz and atso showed no evidance of the taulting. However, the depth resolution
of the seismic data ls much l2ss than subsurface mapping basad on well conirol.  Thersfore,
rather than 2 Top of Trenton salsmic map, an isochfon map of the Top of Trenton 1o the Top of
Tau Claire (dolomitic shateffing grainad sandsiong naar the top of the Eau Claire) was compiied.
it was found that the isofime imterval was constant  This is an excelient indication that the
Pracarnbrian had no control over the deposition of the overlying Paleozoic and thus reactivation
of deep-sealed Pracambrian features during the Saleoroic did not occur. The MU Simon raflecior
had sven more statistical scatier than the Trenion or Eau Claire and any isopach mapping
involving the MU Simon was not useful o the study.

The seismic lines acguired and evaiuated by INEOS were also znaiyzed and incorporaiad inio &
Pracambrian struciure map compfied by the ODNR, Mvision of Geological Survey (Barancski,
2002). No faulis with definite Precambrian movemeant o Paleozoic reaciivation wers mapped Oh
these fines (Figure 4-23; Appendix 4-1}.

in & MS Thesis performad at Ohio State University, Paramo (2002) reprocessed and evaluaied
the INECS lines. paramo notes evidence of Sracambrian fauling which ne interprets 2%
exviznsionat due to the formation of the East Continent Rift Basin and concludes the "Cambrian



and Ordovician sirate are flal hepeath the seismic lines (p.412 para. 2} He alse staies ihat
Cambrian-Ordovician sediments aré near sonstant thickness throughout the study area {p. 73,
para. 2). This agrees with the isochron work of Brune (1981). Paramo’s rmodal for the subsurface
geoiogy of Alien County is provided as Figure 4-32. Hig model does not inciude any evidence for
Paleozoic reactivaiion, ,
Wolfe (1893) also analyzed the INEOS seismic lines and identified Precambrian fauling. As
does Brune (1881), Paramo (2002), his report does not give evidence for Paleozoic raactivation
on ths INECS fines (Figure 32-A).

in conclusion, studies of the seismic fines at the INEOS facility have indicated that

1. Evidence of pracarnbrian structural feaiures exist, such as fault of fracture planes (Brung,
1901 Paramo, 2002 Winlie, 1883). However, ihese had litie to no veriical throw and
some possibly are noise refaiec (Brune, 1881).

2. The Precambrian iauits/fraciure planes do not seem io correlate from fing to ling (Brung
1821} and the Pracambrian structure map of Barancski (2002) which utilized these fines
doas not display faults in the area in guestion.

(2

The Trenion, tau Claire and Knox Dolomite refieciorns showed no evidence of Palenzoic
¢auliing (reactivation of the deep-seais tagtures) (Paramo, 2002 Bruns 1881 Wolfe,
1883

ithough Paleozoic sedimeniation was influsncad by recurrent fault rovernant and
recambrian paleoiopography atong the COCORP OH-1 selsmic fing 14 miles south of
the \NEOS facility (Baranoski, 2002) and regionally in othar areas, isochron mapping of
saismic finss at the INEOS tacility on the Top of Trenion to Top of Eau Ciaire showed
uniform thickness of the stratigraphic  units, thus indicaiing that jocal Precambrian
structure or paleotopography had fitfle influence on Dalenzoic sedimentaiion. This is
strong evidence ihat in conirast o he Bowiing Grasn Fault Zons and the Fort Wayne

I
Fan
P

Rift, the deep—éeaied Srecambrian feaiures did not undergo Paleozoic rsaciivation. As
stated previously, this is supporied by the work of Paramo, (2002), Bruns (1981) and
Wolte {1883},

£.2.4.2 Local Structure Wiaps and Cross-Ssciions

Cross-sections A-A" and B-B (Drawings 4-1 and 4.2) traverse sasi-wast and north-south fnrough
th= INEOS imjection wells. The saction from the Lockpor Dolomiie to the Mt Simen Sandsions
and Pracambrian is displayed and shows laieral continuity of tha formations, and lack of faulting.

Although taci of well conirol in the immediate vicinity of the INEOS faciity prevents detailzd
structure contour mapping on the fop of the Mt Simon Sandsions, Eau Clairs Formation and
Knox Dolormits, siructurs contour maps of thass thres horizons are includad 2s Figures 4-33. 4-
34 and 4-35.



The structure maps of the Top of the ML Simon Sandsione and Eau Claire Formation show dip of
approximaiely 25 - 20 fest/mile fo the northwest  This coincides well with the work of Shaarow
(1887}, and seismic work of Brung (1881), and the gocumented regional struciure.

The top of the Knox nolomite map shows dip of approximately 100 fzet/mile 1o the southwest
The southwast dip coincidas with work OF Wickstrom, et 2t {1 0p2) where 2 yrough on top of the
Knox appears to exist baneath the INEOS facility (Figure 4-20). The steaper dip on 10p of the
Knoy Dolomite, s probably refiective of pa%eotopography {due tO karsting) as the Knox thins from
WDWs No. 1 and 3 (northaast) 10 WDWs No. 2 and 4 {southwest) (Drawings 4.4 4-2 and 44
sae aiso saction on Reagional Stratigraphy). ‘
A3 discussad in the seciion on Re ional Structure, Rike (1291) performad & detailed structural
analysis of the Trenton Limnestone within an g-mile radius of the INEOS facility, A summary oy
5 A Lang of this report 18 provided In Appendix 4-3. The Top of the Trenion Map s digplayed 28
Mrawing 4-3. Ag shown Of ithe map, several griall closuras &le mappad on 1op of the Trenfon. As
siated previousty, the Trenion Limesione & the INEOS site is interpreted by Wickstrom &t 2l
(1882}, 1© lie within the platiorm margin facies. geveral of fhe closures align southwest to
northeasi, coincidant with the frend of the platform margin. Since no svidence of deeper closed
anticiinal feaiures hias DBST presenied DY Brupe (1881), Baranos ¢ (2002), Paramo {2002) or
Wolfe {1983) In seismic interpratation in the area of ihe INEOS site, it is fikely that these closures
arz the result of depesitional iopography on 1P of the Trenton Limesione, which is consistent
with a platiorm margin sefiing (see Geologic History ang Regional Siratigraphy discussions). No
avidsnce of fauliing I8 indicated on ths structure Map. This coincides with the seismic analysis
parformso by mrune (1881), Paramo (2002}, Baranoski (2002} and VWolfe (1883}

in conclusion, structure mapping from wall control and seismic data of the ML Simon, Eau Claire,
Knoy and Trenion Earmations indicales ihat the Paleozoit seciion has noi been faulted in the

vicinity of the INECS facility and inarafore the injaclion ZONe is not structurally compromisad.
Wellgite Lithotogy
eroperiies of the injection Zone

The injection zZONE ot the INEOS siie 18 comprised of the Wi Simon Sandsions znd Eau Claire
zormation, and in SOME welis the Pracambrian Migdiz Run Formation. The INEQS injsction 2on2
was subdivided into numpar of different infervals in order 10 conservatively over esiimatz the
gross injeclion zone pahavior. These intervais are defined helow. The injaction zone and these
intervals as applisd o he INEOS injection wells are ilusirated in Figures 4-38 and 4-37, and
Drawings 4-4 and 4-5.

parmitied Injection Interval

The portion of he injection zone into which the wastewatel is directly ptaced. Al INECS Lima,
this corresponds o Ihe ppanhols portion of the injeciion welis.
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Effective Injection Infervat

The portion of the injection zong that diractly receives the injected wastewater from any of the
INEOS Lima wells at 2 radial gistance from a weallbore. This coniains the modeled injection
interval. The dimensions of the effective injection interval are greaier than the permittad injection
interval because of the potentiat o varical fluid flow in the relatively jow-parmeabiiity strata
immadiately ovarlying and/or gngerhing the narmitted injaction intsrval.

rassive injection interval

The passive injection interval was defined by INECS in order 1 concepiuaiize a conservative
predictive model, +his imterval consists of the siratz above ihe modsled injaction interval
undarlying the arrestment sirala (containment interval). This interval does not directly influence
the njection interval resarvoir behavior during the injsction aciivities due fo its low parmeability
and poresity (reservolr) proparties. However, since the DETs conducied in WDW No. 4 indicate
the potential for injzctate in this sassive injection interval, it has been included in the effeciive
injeciion intarval

Micoeled injection tnterval
The porfion of the efisctive injection inerval that directly receives the njeciad wasiewaier and
pogsesses e resarvoir properiies that govemn the injection prassuwie “he modeled injection

niarval and fhe passive injection intarval form the sffective injecl ion nierval.

The siresa above the sfoctve injaction interval smat impedes vertical suid movament from he
affsctive injaction interval. Al modeled vertical ranspon of injacied wasiawater compenzanis will
ha containad within the arrestmant siraiz (containmant intarval) for & minimum of 10.000 years.
‘Figuré 4.5 summarizes information for this intarval,

The discussion of the local walisita lithology of the thise sormations rapreseniing the injzction
zone (Middis Run, Mt Simon, Eau Claire} focuses on resulis optained from coring the
siratigraphic {est wall (WDW ho. 4], cuitings and geophysical 10 date obtained on ail fout
injzction welts. A iithologic compesite 10g graphically dispiaying the core gescriptions Is included
23 Appendix 4-7.

The maasursd and subsed depths zlong wiih jormafion Thickngss comprising the injaciion zZone
{and all penstrated formations) is provided in Table 4-5.

Middie Run Formation (F’recambrian}

A5 ilustrated in Figures £.35 and 4-37 and Drawings 44 and 4.5, the lowermost portion of the
injection interval fies within the uppermost part of ine Middie Run Formation. The top of the
Pracambrian was not nanstraied in WDW No. 1. The targest amount of Middig Run dritled was In
the stratigraphic test wall (WDW No. 4}, This section will be discussed baiow,

& total of 255.5 fest of the Middle Run was corad in WDW No. 4. The iotal thicknass of the
Middis Run is unknown 28 the formation was not compietaly panairated.
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The contact hetwesn the Middle 2un and the overlying ML Simon is characterized by an abrupt
lithologic change from & conglomearatic sandsione in the ML Simon io & fine grained argiiiacsous
sandsions with no visibie intargranular porosity =t the top of ihe Middie 2un. The overall Middie
Sun section in the WDW No. 4 consists of interbadded sandsiong and sitsione ranging n
thinknass from 30 1o 60 feel

The sandsions i generally @ medium o dark reddish brown, argilacaous, well-sorted, fine
grained Quarizose feidspathic sand (s2€ Shoio C-1, Appendix 4-8) The sandsionz I8
occasionally cross-beddad.

Badding strike is strongly orientad sasi-west with less than 30 degres dip, generally 1o the south.
Natural and induced fractures are prevalent throughout e core, In general, the siiistone units
coniain & greater overali percentage of the open, partially opsn and minerafized closed natural
sraetures than do the sandsions imyers.

it Simon Sandstone

The Mt Sirmen Sandstone averages 340 feat in thickness at the INEOS $aciiity and comprises ths

W gy

ragional isopach is provided (Figure 4.7 Janssens, 1873). Dus to the gradational nature of the
contact with the overlying Eau Ciaire Formation, the top of the Mt Simon was correiated Dy
repraseniaiives from ODNR and INEOS baset upon 2 raview of log and core daia (Rea and,

main portion of the imjecton imtarval  Lack of well control pravenis & local isopach map. A

\Wickstrom, st al, 1881} All of ihe cross-sections provided refiect the preferrad sorrelation of the
ODNR that differs from Janssens (1873). Figure 4.5 displays the correlation of Sased, 2002.
Despite the differing opinions on the ML Siron thickness, the regional isopach is useiul Tor
displaying the overall lateral exient of the ML Simon.

The WMk Simon ragionally lies unconformably upon the Middie mun., This is evidant by the abrupl
change from the poorly soriad, haisrogenous, angular, welt camentad rocks of the wMiddle Run
and the lightar, homoganoUs, isss comented partally iriable basal sandsione of the it Simon
(Saesd, 2002). The saucity of fically influencad and biogenic features in the Widdie Run and 28
opposed 1o the ML Simon, 1s also svidence for the unconformity (Sasad, 2002).  Additional
svidence for the unconiormity is noted by Wolfe (1983). He noies tne absence of the Middle Run
in some regional seismic sections which suggests 2 1ong period of arosion priof to Wi Simon
gepositton. In somg seismic lines evidence Of & IoW zngle unconformity 2x1518.

The M Simon at ihe site can be divided inio two lithologic packages related 10 depositional
snvironment based on cors descriptions (WDW No. 4). The lower poriion of the Mi. Simon (2870
_ 34537 reprasents & Auvial-delaic environmeani with increasing maring influence yowards the fop
of the seguance, The Upper poriion (2813" - 2670 represenis & fransitional maring seguence

o~

characierized by ihe presence of glauconiie. Saesd's intgrpretation is providad a8 Figure 4-8.

For the purpese of modeling, the Mt Simon Sandstone was subdivides o threz tayers (Drawing
4-4 and Figure 4-37).

415



Ths S, iaver in WDW No. 4 exiends from 2870 fest io he Widdie Run contact at 3153.5 feat,
The top of the MS, layer approximaies Sazead's (2002) ML Simon 10p. This interval is
distinguishad by 1 to & inch thick interbedded cark red, whiie gray snd tan sandsfone (Photo G-2,
Appendix 4-B}. Harmatite staining is present in dark rad layers, which are very fing io very coarse
to pabbly ana pecasionally conglomeratic, indicating non-marine depesition. The white, gray and
tan layers are typically madium-io-coarse grainad sanasiones which are angular and friable with
good to exceliant soresity. This layer is extensively cross-bedded.

The i8S, layer in WDW No. 4 (2BAD - 2870") contains inferbeddad white-gray, reddish-brown and
imn sandstones and silisiones (see Phoito C-3, Appzndix 4-8). This layer is characierizad by
abundant discontinuous ciay compaciion layers and taminations. Bioturbaied, glauconitic, very
fine to medium graingd feldspathic and guanzese sandstones are present along with soms
interbeddad shales. This layel represents a transitional, increasingly marine anvironment oF
deposition,

The WSs laver (2800° ~ 2840} consists of pradominantly clay-rich sandsione with interbatided
siltsione and is gradational with the overlying Eau Claire. As discussed previously, the ODRNR
pick for the contact is 5843 feet in WDW No. 4. The szndsions is typically white 1o t@n ang light
io rust brown, very fine o fine grained, well-soried and subanguiar o sub-roundad (see Photo C-
4, Appendix 4-B). As in WiS,, the sandsions is feldspathic and quanzoss, Near the contzct with
e Eayu Claire, glaconite comprises up 0 B0% of tha matrix, indicaling marine conditions. This
tavar is vary argiliaceous. This is the primary control of sfiactive net porosity as effective nat
porosity increases with decrsasing clay content.

The Wi, Simon Sandsione ¢ore contains few natural fractures. Two types observed are partially
open and clossd natural fractures. Thase are present only in the M3, Layar. '

Eau Ciairs Formation

The Eau Claire averages in 382 28 thicknass at the INEOS site. Lack of well conirol prevents 2
local isopach map. A regional isopach is provided as Figure 440, As discussed praviously, the
contact batwean the Mi Simon and Eau Claire is open to interpretation. Thus the Eau Claire
thicknass ufifized in the permit is differant trom Janssens (1873). However, ¢he ragional isopach
is usatul for displaying the overall lateral extent of the Eau Clairs,

se discussad in the Regional Stratigraphy section, ihe Eau Ciaire represents deposition in a
fransgrassive maring sequence. The basal portion (gradational with Mt Simon) is characterized
by glauconiiic sandsiones. which grade to dotomitic sandsiones and dolomites in the middie 10
dolormiie and muasionas Near the top of the formation. The upper coniact is also gradational with
the overlying Knox Dolomite. The contact was picked by rapreseniatives from ODNR and INEOS
(Rsz and Wickstrom, et al, 1881}

For modeling purpuses the Eau Claire wes subdivided info six iayers bzsed on core and
geophysical i0gs (Drawings 4-4, 4-5, Figurs 4£-37Y,
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EC, iz 25 feet thick in WDW No. 4 and consists of mterbadded white, gray and light brown
sandsions and madium gray silisions, Sandsiones are very fing to medium grainad, sub-roundad
io sub-anguiar and are taldspathic and guanzose. Wumarous clay-rich laminations ocour (ses
Photo C-5, Appendix £-8). The base of this taver is giauconitic. Esactive net porosity is controlled
by it and clay content.

. EC, is approximately 85 fest tn 400 feet thick and is comprised of dolomite glauconitic sandstons,

argiliacaous sandsions, sitstone and dolomite. The sandstona is fight io dark gray of tan, vary
fine grained and is sub-angular to angular. The sandsiones are predominantly t=ldspathic with
some guariz and glauonite present. Ciay laminations are common (Photo c-6, Appendix 4-8). 1n
addifion o clay content, the amount of guariz overgrowihs control porosity and permsablility.
Crystaling dolomiies OCCUT 28 thin medium gray 1o brown stringers.

=C, consists of dolomitic, glauconitic sandsiones approximately 80 feet in thickness. The
sandsione is madium gray brown, vary fine to mediumn grained, sub-rounded io sub-anguiar and
well camaniad with dolomite and quartz overgrowins {(Phoie C-7, Appendix 4-8). Equal amounis
of quarz, feldspar and glauconitic grains are present.  Some secondary leachad porosity s
present and as well was intergranular primary DoTOSITY.

5C, is approximatsly 70 fest in thickness and is composad of argillaceous dolomiie imestons
and siity shale. The dolomits is dark gray, medium crystaliing, silty and giauconific In par and
kas low porosity (Photo C-8, Appendix 4-8). Dolomitized, skeieial grainstons is also present
Argiliaceous sifisions iavers with no visible pore Spate are intarbeddad within this layer.

" ECs contains g net shale thickness of 58 fasi with thin interbeds of silty dolomitic limestong. This

ipyer has a distinclive seismic signature and was the mapped reflacior. The shale i dark gray o
hlack and is largsly comprised of lliie. The limestone is madium to dark brown, medium o
coarsely crystaliine, pariially dotomitized and composed of fine skelatal fragments, peioids,
glauconite grains and tarrigenous silt. This laysr has very low affective nat poresity and
parmeability.

ECe is & crystaline dolomite interbeddad with highty hioturbated zones of argillacaous siffsions
and argilaceous gizuconitic and dolomitic sandsiong (Photo C-40, Appendix 4-8).

The dolomite 1s dark gray, medium crystaliing, arenacsous and glauconiiic in parts with very low

porosity.  The sandsiones ars dark gray io brown, very ane to fine grained, anguiar o Sub-
angular and cemenied with dolomiie.

The Eau Claire iacks natural macro-iraciuras nalow 2581 feet in WDW No. 4. Somes clesad and

oW
I
¥

mineralizad closed ractiures Waie found in EC4, EC: an

o

& detalied discussion of potosity and parmaability within the three formations comprising he
injection zone will be provided in the ensuing section.
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TABLE 4-5

COMPARISON OF MEASURED AND SUBSEA DEPTHS
INEOS WDW NOS. 1, 2, 3, ARD 4 (STRATIGRAPHIC TEST WELL)

INECS
WOW No. 4
INEQSE INEQE INECS {Stratigraphic
WD Me. 1 WDW Neo. 2 WOW No. 3 Test Wall)
{2} {5} {7t} {f
KB 72 854 BEG 872
Saling Group 32¢ AT NA : 81
lundifferentaied) + B40F + 511
178" 157
t oekport Group 250 200 204 z2i2
+B62 + B854 +852 + G680
88 &7 100 104
Sub-iockport 308 297 304 210
Group + 554 + 557 +557 + 558
’ &1 5 58 57
Cinginnatr Group 388 352 362 373
{undifferentisted} +503 + 502 + 484 +4828
283 282 88% 885
Tranton 1252 1244 12581 1252
-380 -380 ~354 -380
172 175 175 174
Biack Hiver Group 1428 1418 1428 1430
' -554 -585 -570 -5G4
383 £01 380 407
Walis Cresk 1808 1820 1805 1BETY
Formation -g37 -G6E -850 -985
12 30 10 18
Knox Dolomite 1821 1850 1818 TRED
-849 -996 -850 -983
508 588 808 575
Eau Claire 2430 2418 2422 2430
Formanon 1558 1564 1871 -1558
380 382 382 383
M. Simon 2810 2800 2803 2813
Sandstone -13838 -1846 -1847 -1841
344 337 340
Precambrian DNpPe 3744 3740 3153
ivihigdis Run -2250 -2284 -2281
Formation)}
Total Depth ‘ 3133 3172 3165 3408
T Measured depth [0 top of unit with respect 1o KB, ¢ NA = not availabie.
v Subses depth o top of unit. e MNP = did not penetrate.

¢ Thickness of unit,
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GENERALIZED, RPEGIONAL STRUCTURE CONTOUR MAP
DRAWN ON TOP OF THE TRENTON LIMESTORE
{Modified from Cohee; 1962 Paramo, 2002)



Grenville Province

Grantts - Rhyolite Province
and East Continent
Hifl Basin

Map showing Granite - Rhyoliie Provines, East Continent Riit Basin,
Grenvilie Province, and majr Precambrian strudtural features
defined by geopoiential and seismic refiection data.

48  Akron Magnetic Boundary

47  Seneca Anomaly

48  Coshocton Zone

49 Forl Wayne Rift

50 Southwestsrn Ohio Anomaly
51 Grenvilie Front Tecionic Zone

FIGURE 4-2

REGIONAL PRECAMBRIAN GEOLOGY
ODNR, ODGS MAP PG-23
{Baranoski, 2002}
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8.0

FQRMAT%QN TESTING PROGRAWM
General Comments Regarding Updates for the Renewal Application

The conciusions of this section remain hasically unchanged from the October 2004 UIC
permit renewai submittal. This section has been updated, as appropriate, based on
published literature, site operaiing history, test results, and data analysis conducied in
regards o the INEOS injection well activities between September, 2004 and April, 2010.

INEOS ran an extensive sufte of logs on WDW No. 4 to establish accurate baseline data 10
compare fuiure measurements. The complete list of opsn and cased hole logs conducted
on WDW No. 4 are summarized in Table 8-1. Tabis 82 summarizes the geophysical
open hole logs run in WDW Mo, 4 and ¢he function of the log. Tabie 8-3 presents the
cased hole iogs run on WDW No. 4 and Table 8-4 through 8-7 is a summary of key logs
svailable for WDW No. 1, WDW No. 2, and WDW No. 3, and WDW No. 4.

The deviation surveys conducted during driliing oF WDW No. 4 are summarized below!

DATE DEPTH () DEVIATION DEG.
3113/ 208 %%
313181 400 Ve
3/19/81 711 1%
3129781 1,200 (7
4112191 1,577 Va
4124191 2,173 e
5/5/81 2,676 Ya
7/18/81 3,408 Yz

These deviation surveys confirm that the hole drilied for WDW No. 4 is very nearly veriical
as would be expected from a hole which was fully cored. The deviation survey
measurements were confirmed by the downhole core orientation tools run during the
desper coring activities.
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The surfacs casing logs run on WDW No. 4 are summarized below!
- Original Core Hole (8% in.) Depih: 710 H KB
Final Enlarged Hole (20 in.) Depth: 720 ft KB
Surface Casing: 16 in. 55.0 Ibfit H-40 Range 3 81C

Open Hole Logs (3/15-3/16/81) - Schiumberger
Compensaied Neutron/Litho - Density/GR

Duai Induction/SFL/IGR

Naturat Gamma Ray Spectrometry

Array Sonic/STC/GR

Sonic Waveforms/GR

Cased Hole Logs (5/4/81) - Schlumberger
Cement Bond Log/VDL
Temperature Log

The cesed hole iogs are described in Appendix 8-6 of this application and have been
submitted o the OEPA in past corresponoence.

The geophysical logs run on the intermadiate and long string casing in WDW No. 4 are
summarized below. These iogs have bssn submified to ihe OEPA In pasi
correspondence.

intermediate String Casing Logs

Original Core Hole (8% in.) Depth: 2876 ft KB

Final Enlarged Hole (14-3/4 in.) Deptn: 2676 ft KB

Intermediate String Casing: 58 joints 10-3/4-in. 51 Ib/it L-80 Range 357&C
& joints 10-3/4-in. 40.5 Ib/it J-55 Range 3 ST&C

Open Hole Logs (5/4-5/5/91) — Schiumberger
Compensated Neutron/Litho - Density/GR
Dual Laterolog/MSFL/GR

Phasor induction/GR

Natural Gamma Ray/Spectromeiry

Array Sonic/STC/GR

Variable Density Log

Formation Micro-Scanner

Fracture ldentification Log



- Open Hole Logs (B/11/31) - Atlas
CBIL/GR (Circurnference Borehole Image Log)
Cased Hole Logs (6/2/91) - Atlas
Cement Bond Log/VDL

Cased Hole Logs (6/19/81 - 8/20/81) - Schiumberger
" Cement Bond Log/VDL
Cement Evaluation Log
Temperature Log

Cased Hole Logs (7/17/¢1 - 7/18/81) - Schlumberger
Cement Bond Log/\VVDL {(Under Pressure}

Cement Evaluation Tool (Under Pressure)
Cement Scan Log {Under Pressure)

Long String Casing Logs

Original Core Hole (8% in.) Depth: 3220 ft KB

Final Enlarged Hole (8% in.) Depth: 3180 it KB

Long String Casing: 7 n. 23 Ib/ft N-80 Range 3 LTC

Open Hole Logs (6/19-6/20/91) - Schiumberger
Compensated Neutron/Litho - Density/GR

Dual Laterolog/MSFL/GR

Phasor induction/GR

Naturat Gamma Ray Spectrometry

Array Sonic/STC/GR

Vartable Density Log

Open Hole Logs (6/28/81) - Atlas

CBIL/GR (Circumference Borehole image Log)
Cased Hole Logs (7/23 - 7/24/31) - Schiumberger
Cement Bond Log/VDL

Cement Evaluation Tool

Cement Scan Log

Cased Hole Logs (9/26 - 10/3/21) - Computaiog

Flow Spinner Log
Production Temperature Log
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INEOS conducted the initial mechanical integrity testing for WDW No. 4 from September
15 through October 26, 1992. The guidefines used initially by INECS for machanical
integrity testing are summarized in Appendix 8-1 of this apphba‘cion. The data and resulis
fram this testing are included In Appendix B-8. The data and results contained in Appendix
8-5 demonstrated that there was no fluid channeling behind the casing and that the
injected fluid was entering the injection interval as designed. That data demonstrated the
inifial mechanical integrity for WDW No. 4. Miechanical integrity demonsirations have
heen conducted on WDW No. 4 sach year foliowing that initial demonstration, starting in
1004 when ihat injection well was commissioned as an injection well,

The Lima Stratigraphic Test Well (WDW No. 4) was cored extensively o obtain site-
specific data for the INEOS site. Over 2,250 ft of 4-in. core was obtained end submitied to
a variety of iesting ihc!udiﬁg air permeability and porosity, figuid permeabiiity and pOToSIty,
and slectrical property fests.

Eormation fiuid sampling was conducted by drill stem testing 16 zones in the Lima
Stratigraphic Test Well. Data from 11 of the DSTs were of sufficient quality o be analyzed
to determine reservoir properties. BP Exploration (BPX) also analyzed DSTs, The BPX
analyses are considered o be more representative since they incorporaied the full test '
history in each analysis, including the swab runs and the volume of fluid produced.

Sormation fluid samples from the DSTs were analyzed for index organics (acrylic acid,
acrylamide, acetoniirile, and nicofinonitriie) and index inorganics {ammonia-N, calcium,
sodium, chioride, magnesium, sodium, and sulfate); and conduciivity, spacific gravity, total
dissolved solids (TDS), pH and alkalinity were measured.

Erom the data reported during the driliing of WDW No. 1 in 1968, the most reliable
maasurements indicate a value of 1,050 psia at 2,783 ft KB is & reasonable estimate for
the original Mt Simon Sandsione boitom hoie pressure (BHP) (0.38 psifit suriace
gradient). The original surface gradient at the Lima Stratigraphic Test Vel (WDW No. 4}
during the driling in 1991 was 0.46 psifft, representing a net pressure increase of
approximately 230 psi at this location due to injection activities.

Fiuid temperature, pH, conductivity, and pressure data were collected during the DST
testing discussed above. The static fiuid level of the injection zone can be calculated from
the pressure data collected from the DSTs. The pressure data are more accurate than
static Auid level measurements.  Two formation fluid samples were taken which were
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believed fo represent nafive Mt. Simon connate water, one on February 25, 1988 and one
from DST No. ¢ from the Lima Stratigraphic Test Well (WDW No. 4). . The analysis of the
February 25, 1968 sample is suspect due io several contradictions in the paramasters, and
i is believad that this was & contaminated sample. Due to the absence of any quantifiable
organic analyfical paramsters, the sample collected during DST No. 9 is believed to be an
uncontaminated Mt. Simon connate water sample. The data from these two analyses are
‘oresented in Table 8-8. The specific gravity of fluid taken from DST No. 8 is plotied with
respect fo other Mt. Simon tormation fluid analyses in Figure 8-1.

Under Rule 3745-34-56(A) of ihe State of Ohio Administrative Code for Class | hazardous
waste injection wells it is stated that.

Except during stimulation, the owner or operator of a Class | injection well shall assure
that injection pressure at the wellhead does not exceed a maximuim which shail be
calculated so as to ensure that the pressure in the injection zone during injection does
not initiate new fractures or propagate exjsting fractures in the injection zone. The
owner or operator shall operate & Class | injection well such that the injection pressure
does not initiate fractures or propagate existing fractures in the confining zone, or c:ause'_
the movement of injection or formation fluids into a USDW.

A varisty of tests were conduciad in the Lima Stratigraphic Test Well fo help in determining
the fracture characteristics of the injection and confining zone. The siress profite has been
determined from micro-frac stress tests in the injection and Confining Zones and from an
analysis of uniaxial sirain core tests. Other datg have come from an analysis of
geophysical fogs and trom tensile fracturing of the wellbore. Other information on fracture
pressure has come from an analysis of fracture treatments in WDW No. 1 and 2 and of
various step rate tests in these wells and WDW No. 3. Analysis of these data was used 0
define 2 safe maximum operating pressure for these injection wells.  This analysis
determined that the previously (pre-1992 permits {0 operate) permitted maximum
operating pressure of 844 psig meets the requirements of Rule 3745-34-56(A) of the Ohio
Adminisirative Code.  An analysis of the historic injectivity performance of the existing
injection welis at pressures st and above this value of WHP, sonfirm that at this pressure
fractures are neither initiated or propagated. indeed this analysis indicates that the
injection performance of these wells ai these pressures is dominated by formation
plugging. This information was presented in Appendices 5-1, 8-2 and 8-4 of this
document. USEPA determined that the data demonstrated that historic injection
pressures have not initiated nor propagated fractures in the injection zone. The USEPA
made a final decision to grant INEGS an examption from the land disposal restrictions of
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the Hazardous and Solid Waste Amendments of 1084 (HSWA) regarding the injection of
hezardous wastes on May 7, 1982 (Federal Register Vol. 57, No. 105, page 23094). This
decision determined that INEOS had demonsirated to a reasonable degree of certainty
that there will be no migration of hazardous constituents from the injection zone for as long
as the waste remains hazargous.

Ergcture initiation data have come from breakdown pressures from the micro-frac tests in
the Lima Stratigraphic Test Well (WDW No. 4), and from fracture treatments in WDWs No.
1 and 2. These data are summarized in Table &-9. Injection at surface pressures less
¢han 990 psi will ensure that new fractures are not initiated in the injection interval,

Eviension pressures are more difficuit o deduce from the micro-frac tests performed in
WDW No. 4 since these were performed in high permeability zones by injection into 2
restricied, packed off interval. As 2 result, pressure data which may appear io indicate
fracture extension may aciually be a result of flow through & fraciure arouna the packers
=nd into the wellbore. The pressure rise in the upper and lower guard intervals of the
packer assembly indicate that this ie the case. The apparent fracture exiension pressures
from these tests do, however, indicate tower bounds for these values which may be used
to verify the propagation pressures obtained from other sources.

o

sts on fracture extension pressures in the Mt Simon can he estimated from the results of
the mini-frac tests performed on WDW No.1 and No. 2 prior to the hydrautic fracture
stimulations performed in 1988, The results from these tests will be estimates, since thess
mini-fracs were performed with gelled fluid rather than water, and since wellbore extension
pressures will vary with the size of the fracture and the degree of fracture niugging. Since
friction pressure drop will increase with fracture length, and since fracture tip plugging by
entrained solids will increase propagation pressures, the wellbore pressures estimated
from these mini-fracs are likely to be lower bounds.

The pressurs-flow rate history during the mini-frac on WDW No. 4 15 shown in Figure 8-2.
Conginued pumping at rates above 9 bpm reguires & WHP of greater than 1015 psl. Fora
depth of 2800 fest and a fluid specific gravity of 0.442 psi/ft, this corresponds fo a BHP of
2250 psi, or 2220 psi if a friction pressure drop of 30 psi is assumed. This corresponds to
z pressure gradient of 0.783 psifit. Data for the mini-frac in WOW No. 2 are shown in
Figure 8-3. Here a WHP of about 1050 psi is required for pumping 30 bpm. At these fiow
rates the pipe friction pressure drop will be about 200 psi (Halliburion Services Data).

Aliowing for this, and the hydrostatic head of 1235 psi, gives a BHP of 2085 psi at 2800
feet, or 0.745 psift.



These data iogether with lower bound micro-frac data are summarized in Tabie 8-10. K i
apparent that the lower bound sxiension pressure corresponas to 0. 745 psifft., or a BHP of
2085 psi at 2800 fest. Fora 0.442 psi/ft. fiuid column and & 30 psi pressure drop (Table 8-
13) this corresponds © a WHP of 880 psi. A more reasonable estimaite is probably the
gverage valus from the mini-fracs of 0.769 psifft. This corresponds to & BHP of 2155 psi
5t 2800 feat, or a2 WHP of 250 psi.

These data are confirmed by information on the injection history of WDW No. 1, No. 2 and
No. 3 and by modeiling of the injection response. it is apparent that despite injection into
thesa wells at surface pressures up to and above the current maximurm parmitied welihead
pressure of 844 psi, no fracture extension has occurred, as discussed in more detall iater
in this section. This is frue sven afier the hydraulic fracture stimulations of these wells in
mid-1088. These fraciure stimulations gave either no, or a minor increase in injectivity,
and any increase was guickly negated by formation plugging. Modeling of injection into a
300 & fracture at 204 gpm indicates that the pressure buildup due to injection at the
nrescribed rates is meufiicient to maintain & 300 ft fracture length, and fracture shrinkage
actually can occur.

Closure pressures have been cetarmined from data from WDW No. 4. Relevant datz from
this well are given in Table 8-11. Relevant dats from this well are given in Table 8-12,
including information from the minifrac treatments in WDWs No. 1 and No. 2. From this
Gata, a conservative sstimate of the in-situ siress gradient in the injection inferval of 0.68
psifft can be mads, corresponding fo an equivalent WHP of 885 psi at 2,800 ft or 770 psi
at 3,105 fu

The various data for ciosure, propagation, and sreakdown are summarized in Figure B-4,
and Table 8-14 together with gradients for these parameters based on average data for
the microfracture and minifrac fests. Based upon these data, and the reguirement that
new fractures shouid not be initiated nor existing fractures propagated, a maximum
permissible WHP of 844 psi was established. The BHP line for this YWHP, calculated for a
minimum fiuid pressure gradient of 0.438 nsiff, an average fiuid pressure gradient of

0.444 psifit and a maximum fiuid pressure gradient of 0.455 psi/ft., and neglecting friction,
are also included in Figure 8-4.

Table 8-14 gives the BHP's for a maxirmum VWHP of 844 psi over the expecied range of

injectate specific gravity of 1.010 - 10.50. Thas BHP is calculated without any allowance for
friction at depths corresponding to the approximate depths to the bottoms of the casing in
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WDW No. 1, WDW No. 2, WDW No. 3 and WOW No. 4 and is compared to the estimated
minimum values of closure, propagation, and initigtion pressures &t those depths. These
values indicate that the proposed maximum permiiied operating pressure meets the
requiremenis of Rule 3745-34-56(A) of the Ofio Administrative Code, since it is based on
sife specific data and is:

o ot lzast 302 psi and probably 332 psi below the WHP which would be
estimated (conservaiively) to initiate new fractures’
« atleast 37 psi and probably 87 psi below the WP which would be estimated
(conservatively) {0 propagate existing fractures.
Table 8-14 also shows the calculated BHP range, neglecting friction, for a depth of 2640
feet, corresponding to the top of the passive injection interval as defined in the No-
Migration Petition. The BHP's at this depih are significantly overestimaied since fluid at
this level will have expsrienced a significant pressure drop in flowing through any
permeable pathway. Neverthsless, even this highty conservafive estimate of BHP only
exceads the estimeied minimum propagation pressure by 15 psi for the case with
mayimum Inieciate spacific gravity. if friction is sccounted for even this highly
overestimated pressure at 2640 fest will not exceed the minimum estimated propagation
pressure.

sysiem operating parameters are a8 follows:

High injection Pressure Alarm: 800 psi
injection Pump Shutdown: 810 psi

These operating requirements proviae an additional margin of safety betwesn 17 and 30
psi under the permitted maximum wellhead pressure. These control and alarm set poiNis
are not intended to be incorporated as permit conditions and INECS reguests the flexibility
to adjust these contro! and alarm set points as reguired, based on the faciiity’'s operafing
experience, {o ensure rekable eguipment operafions.

The permitted maximum VWHP exceesds ihe estimated closure pressurs by 70 psi at 3,150
to 158 psi at 2,800 fest. Data from the borehole televiewer log run in WDW No. 2 in 1988
immediately after the fracture treatment indicated that there were no vertical fraciures
above 2,903 fest. Veriical iractures are seen from the bottom of the logged interval (3,062
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fest) up to 2,903 feet. Al this depth the propased WHP exceeds the conservative closurs
pressure by 132 psi.

INEOS acknowiedges that closure pressure may be 2 rezsonably conservative pressure
for new operation with little experience or data 10 base operating pressure on. However,
given the 26 years of experience in operating this field, including data on the behavior of
planned stimutations, the high guality of data from the Lima Stratigraphic Test Wel, and
the demonsiration of containment presenied in the No Wigration Demonstration submittal,
INEOS believes that for this site such a limitation is unwarranted o assure that a fracture
is not initiated or propagated in the injection zong. An ebundance of date has been
presented at the Lima site, the most important of which is the demonstration of
cortzinment over the 20 plus years of operating experience at this site.

This experience can be analyzed in terms of the daily injectivity index and the cumulative
injection performance of WDW No. 1, WDW No. 2, and WDW No. 2. Neither of these
analyses indicates any increase in performance which couid be related to fracture
propagation even after ihe hydrautic frecture treatments in mid 1888, On the contrary, the
records indicate a reduction of performance sttributabie to formation damage, at injection
pressure levels st and zbove the current maximum operating pressure. The injection
history for INEOS Lima injecticn welle is containad in Appendix 2A-3. The tabulation of
the date used in the Hall piofs is contained in Appendix 8-3.

Figures 8-5 through 8-7 show the injectivity index for the three injection wells. This index
s calculated 2s the average injection rate divided by the average WHP. K is controfied by
the permeability x thickness (ki) product of the formation, and the skin. Any incrsase in
ki, or reduction in skin, which would oceur if fraciures were being propagaied, would be
sean a8 an increasse in injectivity. WDW No. i (Figure 8-5) shows a gradual decrease in
ihe index from Ociober 1988 to Aprit, 1281, Al this time, the well was cleaned up using 2
chemical traatment leading to an immediate increase in injectivity index. Since that fime
the index has decreased to close o the historic values. WDW No. 2 (Figure 8-6) shows
an essentialy constant index as does WDW No. 3 (Figure 8-7) up fo mid 1891, Since that
time, however, WDW No. 3 shows a reducing injectivity. Nofe that these decreases in
injectivity are coourring at welihead pressures up to and above 800 psi.

Thase historic injection data can also be analyzed using the series of steady state analysis
technique devised by Hall (1963}, The analysis is based on the steady fiow relafionship:
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This analysis tool is routinely smiployed by oil field water-flood operations as the primary
control iool to determine that an active operafing injection well s not propagating 2
fracture. This method is preferred for water-flood controf, where close control {o avoid
fracturing is critical, because it is viewad as the best indication of fraciure propagation. A
propagating fracture will leac o an increasing negative skin. For exampie, an infinitety
conductive fracture growing from a iength of 7.5 fest to 150 feet over one year (0.39
fset/day) wili lead to & skin change from -3 1o -6. The effsct of this on a Hali plot is shown
in Figure 8-8. Conversely, a posilive increase in skin due fo formation damage will show
as an increase in slope.

Figures 3-8 through 8-11 show the Hall plots for the three injection wells for gata from
1968 through June, 1982, The Hall plot trends for all wells (Figures 8-8 o 8-11) show
sarly constant slopss, then a general increase in slope due to formation damage. Clean
up of WDW No.1 in 1874, 1881, and 1991 and of WDW No.2 and No.3 in 1987 and 1980
shows some improvement in injectivity, but this improvement is soon lost to additional
formation damaga. The intentional hydraulic fracturing stimulations in all wells in 1988 has
~ an insignificant effect on injectivity. Simitar trends are seen in the injectivity index piots in
Figures 8-5 to 8-7. There are no indications in any of these photé of the increasingly
negative skin which would be associated with fracture propagation. it should aiso be
noted that the injectivity of all of these wells indicaiss a lower kh and & more positive skin
shan found in the Lima Stratigraphic Test Well. This is charactenisfic of injection welis
dominated by formation damage not by propagation of fractures.

Additional support for the lack of fracture propagation at historic injection pressures comes
from the various transient fall-off and step rate tests performed on ihe site injection welis in
1988 and 19971, The analysis of the transient pressure fallofi iests in WDW No. 4 havs
consisiently shown & skin on the order of -4, which is attribuied io the pressure sensitive
permeability of the main injection horizon, Note that this result comes from the falioff
portion of the festing during which any injection induced fractures will close and not be
reflected in the anatysis.

The step rate test for this well (Figurs 8-12) show a curve which has been analyzed as
being a result of a pressure sensitive permeability in the predominant injection zone (2,870
- 3.020 feet). This conclusion was reached for a variety of reasons. Of note here are that
the pressures in the step rate lest were well below the measured closure stress. The
negative skin in this well is therefore a direct expression of the nature of the injaction
horizon and is not related io any propagation of fractures during the injection into this weall.
The step rate test for WDW No. 2 and 3 show a very simitar form to that for the
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stratigraphic test well, with similar final slopes & higher pressures (indicating simiiar KR,
although the curves are displaced upwards due to the effects of a reduced permeability
zone around the wellbore.

The phenomena of pressure sensitive nermeabifity permits the continued injection through
ihis damaged wellbore radius, This phenomena iz distinguishable from the propagation of
fractures and has baen demonstrated at Lima through hoth fundarmental core iesting and
well fransient testing. A conclusion from this observation is that there are no indications of
fractures in the results for WDW No.-2 and 3, even though these wells were hydraulically
fractured in 1988. WDW No. 1 shows guite dissimitar behavior, primarily because injection
here is predominately info a different zone. Howeaver, there are again no indications of
fractures in these tesis, These points are discussed in more detail in Appendix 8-2.

Undate on Lima SHe Well Performances and Operating Pressure lssues

Tabie 5-3 summarizes the results of all of the historic pressure falloff tests conducted with
the Lima injection wells since the No-Migration Demonstration. The overall review of the
table of well test summaries indicaies that the native in-situ formation permeability within
tha limited wellbore region investigated by these tests is on the order of 35 md. This value
for average Mt. Simon permeability is consistant with the core data obtained from the Lima
Stratigraphic Test Well Project, considaring the sxtent of pluggage sxperienced in that
region from the historic ifjection activities. When considering the effects of the hisforic
injectivity on the nesar wellbore regions, the resulis of the analysis of this extensive data
indicates a wellbore region formation permeability thickness product of 12,500 ma-ft (35
md permesbility). This value is reflected in ¢he ouier ring permeabiiiies from ihe WOV
No. 4 tests and fhe calculated permeabiiities from the historic injection wells Toliowing
formation clean-up programs. The results from the analyses of the historic site injection
well tests reflect the level of near wellbore pluggags and resultant loss of permeability near
wellbore for ihe existing three injection wells and the counter-balancing affects of the
formation clean-up programs. The latest resuits indicate that INEOS has been successiul
in keeping the site injection wells close to their base capabiliies through the ongoing
clean-up programs based on a review of the calcutated inner ring permeabiliies.  The
comparisons of these tests confirm the general observation, though, that the Lima injection
wells are experiencing progressive formation pluggage which is apparently continuing over
fime.

Two other important observations can be made from ihis data. The first regards the
performance of plant injection well WDW No. 1. By 1990, this historic injection well had 2



capability of approximately 75 gpm at a wellhsad pressure of greater than 800 psig.
Following a series of chemical clean-up activities fo remove the pluggags in the near
wellbore region, the capacity of this injection well has steadily increased. Currently, the
capacity of this injection well is approximatety 135 gpm at 700 psig wellhgad pressure,
more than was previously thought possible based on the injection step rate fests
conducted in 1989. With the improvements io the filters but less frequent clean-up
sreatments the effective capacity of these injection wells has not decreased significantly
over the past five year period.

The other data submitted o the Ohio EPA during the period following the previous
submittal of the UIC permits fo operate application was the conducting and detailed
evaluation of a significant numbsr of temperature logs run on alf four INEOS injection
wells. The method by which INECS conducts these temperature fogs provides a good
opportunity to investigate for fracture fliow and vertical migration of injected fiuids. The
evaluations of ali of these temperature logs show no indication of vertical migration of
fuids from the injection zones. INEOS engaged Dr. Richard M. McKinley, a private .
consuttant, to interpret the subject jogging program. Dr. MicKiniey is a consultant
specializing in the sechnology associated  with nroduction logging operations and
interpretations. He retired as 2 Research Advisor from Exxon Production Research
Company at the end of 1293 after more than 30 years in the oil and gas industry which
was devoied to formation evatuation in general and to production logging In particular.

Dr. McKinley's undergraduate and graguate work was interspersed with periods of
employment with the former Humble Oil and Refining Company. He obtained 2 BS in
Chemical Engineering from the University of Alsbama in 1955 and a Ph.D. in Chemical
Engineering from Purdue University in 19581, From that ime through 1964 he was on the
staff of the Mechanical Engineering Depariment at Purdue University. He then returned as
2 permanent staff member of Eyyon's production logging department. When Esso ceased
all logging operations of its own in the early 1970‘5,‘ Dr. McKinley organized the company
fraining course on production iog interpretation. This course remains one of the highest
rated schools In the company's iraining program. Dr. McKinley also authorsd the
company manual on production jogging.

With Dr. MicKinley potentially retiring, INEOS has nol contracted Subsurface Technologies
to provide the analysis of the testing conducted on the individual wells. The first repont
completed by Subsurface was compared to that reported by Dr. McKiniey and was found
io be very similar in the described conclusions.



The conclusion from these analyses is that none of the injection weils show any indication
ihat fraciures are being initiated or propogated during several years of injection at well
head pressures up to and exceeding the proposed maximum permitied operating
pressures. On the conirary, these welis show all indications of being un-fractured injectors
with progressive formation plugging and damage, despite the fact that all of the wealls were
stimuiated with propped hydrauiic fractures in 1988.

Based on the large amount of data gathered and analyzed at the INEOCS Lima site, 2
permitied maximum welihsad pressure of 844 psi will provide the required assurance that
the injection pressure will not initiate of propagate fractures in the imjection zone. 1he
calculation supporting & permitied maximum wellhead pressure of 844 psiis contained in
Table 8-14. in addition, due to the nature of the arrestment and confining units at the site
and the presence of multiple bleea-off zones between the maximum vertical extent of
injected migration and the owarmost USDW, protection of human health and the
environment has been clearly assured at the INEOS site.

Appendix 8-2 contains the January 20, 1892 letter 10 USEPA which provided a summary
of the relevani data which demonstrates that a meximum permitied wellhead pressure of
844 psig will not initiaie nor oropagate fractures in the injection zone. Appandix 8-3
contains the input data for the Hall plots. Appendix 8-4 containg ihe suppiemental
submissions to USEPA demoenstrating that the historic opsrating pressures ai 844 DSig
and higher had not initiated nor propagated fractures in the injection zone.

~in summary, INEOS performad a detailed analysis of the maximum permitied wellhead
injection pressure as part of the iNo Migration Demonstration process (see Appendix 5-1)
approved by the USEPA in 1982 and reviewed and approved as part of the last Ohio ERA
permit application process. No additional data has been developed during the last 10
years of plant operafions and data collection that changes any of the analysis presented in
the No Migration Demonstration nor the last permit application. In fact, the sontinued site
specific data has confirmed those analysis. Therefors, INECS requesis no change fo the
maximum parmit allowabie wellhead injaction pressures as fisied below:

WDW No. 1 834 psig |
WDW No, 2 839 psig |
WDW No. 3 840 psig |
WOV #4 843 psig '



'Based on an injectate specific gravity of 1.040 or less. These maximum
wellhead injection pressures are adjusted downward as the injectate
specific gravity increasss above 1.040.

An extensive analysis has been made of core trom the Lima Stratigraphic Test Welt (WDW
No. 4). These include permeability and porosity determinations (Section 4.2.2.2), fracture
logging and mechanical (deformation and sirength) tests. The mineralogy of the injection
and confining zones have been determined and are discussed in Section 4.2.2.1,

These fiuid characteristics have been determined on sarriples taken in the DSTs run in the
Lima Strafigraphic Test Well (WDW No. 4). Sampies from DS1s 7, 8, g, 10, 11 and 13
have given the fiuid characieristics from the injection interval (Section 5}, The sample
from DST © is believed o represent Mt. Simon connaie water. Samples from DSTs 14
and 15 have given data on the formation fluigs from the lower Eau Claire (passive effective
injection inferval). Samples from DSTs 4, 5 and 6 have given data on the fiuids from the
confining zone and overlying strata {Section 5).

A series of sixieen DSTs were run on ihe Lima Stratigraphic Test Well { WDW No. 4) from
April to July, 1991, These iesis have been used to define the permeability-thickness
proguct, initiat reservoir pressure and porosity of the injection and confining zones, and of

the overlying strata. These lesis are summarized in Section 5.

Thirteen injsciion/fali-off tests were run in ihe Lima Stratigraphic Test Well (WDW No. 4Y i
May and June, 1991, The results of these tests were difficult to interpret due 1o packer by-
nass, ang litile rellance is placed on these data. These iests are discussed further in
Section 6.

From September io November, 1081 a series of step rate injection {ests were conducted in
the Lima Stratigraphic Test Well (WDW No. 4) open hole interval (2885 o 3400 ft KB). The
resuls from thase tests helped o confirm the injection characteristics of the injection zone.
in particular they confirmad that most injection occurs in the high narmeability zone around
3000 f, that this zone exhibits strong pressure sensitivity of permeability, and that fracture
propagation does not occur at the injection pressures used.

To guaniify the magnifude of the observed pressure sensitive permeability, each step of

the September through November, 1991 injection tests have been analyzed to determine
an estimated permeabliiity using the BP reservoir model/well test analysis PIE program.
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For consistency, all steps were analyzed using 2 homogensous reservolr model, The
resulis of the analyses are summarized in Tabie 8-15. '

These data show a general downward trend in skin values and increase in permeabiiity as
the test sequence progresses indicating injection interval clean-up. Thus the first 4 bpm
test showed an estimated permeability of 27 md, the second 4 bpm {est had an estimated
permeability of 46 md, ihe third 4 bpm test 52 md, and the fourth 4 bpm test had an
estimated permeability of 58 md. The bulk of this formation clean-up by injection appears
o have occurred by the second step of the October test sequence.

The results for each flow fate were also analyzed using the equilibrium flow eguation and
the pressures at the end of sach injection step. While not sirictly applicable because of
the superimposed effects of the esarlier fiow raies, this analysis will give permeabilities
indicative of the change in permeability with pressure. This analysis is presenied in the
following table. |

— 4 i 5
7o l4l2a, g ) U41DON44009XTS) _ gz0 O
A pH (APY250) AP

Both sets of values are graphed in Figure 8-13 (Estimated Permeability Versus injection
Rate). Figurs 8-14 is a graph of permeabiiity versus botiom hole pressure. From these
figures, an estimate of the magnitude of the pressure sensitive permeability is obtained.
The most meaningful estimate is obtained from the graph of permesability versus botiom
hole pressure. In this plot & distinction was made betwean the estimates from the first 4
rate steps and the estimaies from the last seven rate steps. This distinction clearly shows
the impact of the progressive well ciean-up with the continued injection of clean, fillered
3% NaCl brine. A similar trend is observed with both the estimates from the steady state
gquation and from the reservoir model. Using the last seven steps, an sstimate of the
magnitude of the pressure sensitive permeabiiity was obtained from the slope of the iines.
Simitar slopes were obtained from both data sets. The estimaie of the magnitude of the
pressure sensitive permeability s 14 mD/100 psi.

i August 1991 a pulse (interference) test was run, with WDW No. 2 used as the pulsing
wall, and WDV No. 1 and 4 as observation wells. The results of this test were used to
define the global injection interval transmissivity, storativity and diffusivity, and formed the
basis for calibration of the flow model.

5-15
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6.0 INJECTION AND CONFINING ZONE GEOHYDROLOGIC PROPERTIES

This saction describes the geohydrologic testing program. The primary purpose of
+hig section is to present the geohydrologic data shat have been collected within
the injection interval, the arrestment sirata, and confining zone. These data will be

used ag input to the waste transport modeling as discussed In Section 8.

Thig section ig divided into five major subsections. Subsection 6.1 s an
introductory section that hriefly defines the scope of the testfing program.
Subsections 5.2, 6.3 and 6.4 describe the core testing, spinner surveys, and well
testing programs, respectively. subsection 8.5 concludes this section with a
summary of the data results in terms of the injection interval, arrestment strata,

and the cdﬂﬂning zone.
£.7 introduction

A variety of tests were pertormed by BPCI to determine the geohydroiogic
nroperties of the injection interval, +he arrestment strata, and the confining zone.
The testing program inciuded physical property tests on Core, spinner surveys, and
hvdrologic testing of the wells. As part of this program, over 250 core samplies
from the stratigraphic test well were teéted to determine the permeability, porosity,
tortuosity, grain density, ahd sormation/cementation factors of the formations. A
continuous spinner survey was run in WDW No. 1, WDW No. 2, WDW No. 3, and
the stratigraphic test well. Sixteen drill stem tests and 13 injection/falloff tests
were performed in the st;’ati.graphic test well. Within WDW No. 1, a step-rate
injection/falioff test was conductad. in addition, a pulse test was run using WDW
No, 2 as the injector and using WDW No. T and the stratigraphic test well as the
responder wells. in addition, an injection/falioff test was run in the stratigraphic
test well completion interval, The following subsections describe the details of this

testing program.
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8.2 Core Testing

The core fests conductad included air permeability and porosity tests, liquid
paermeabzis‘ty and porosity tests, and electrica! property 1ests. The festing
obiectives, test arocedure and data resuits for the testing program are gescribed in

detail below.

€.2.1 Ggs Permeabiiity and Porosity Testing of Whole Cores and Plugs

as permeability and porosity tests were conducted on cores and plugs from the
confining, arrestment, and injection zones 1o determine the variability in the relative
magnitudes of the permeability and porosity values throughout the section. Ovwer
130 horizontal plugs were tested to provide & statistically representative sample of
the permeabiiiw and porosity values of gach zone. Whole core samples were
cested to detarmine vertical and horizontal permeability valuss for the tight zones,

and the vertical and horizontal permaability anisctiopy of the patential thief zones.

Sample locations were selected at the well site by the site geologist. Locations
were selected according to how accurately they represented the observed rock
type. The testing iocations are listed in Table 8-1, which, because of its length, is

located at the end of Secticn 8.

5.2.1. 1 Test Description of Permeability Testing

A universal permeameter system was utilized to measure the permeability and pore
volume of the test samples at overburden stress conditions. The system consists
of a pressure vessel and pressure generation unit that defivers the reguired
hydrostatic confining pressure. The pore pressure manifold maintains pore
pressure and delivers steady-state or puise-fiuid flow 1o the sample under test. A
fully automated personal computer-based system provides data acguisition and
control. Nitrogen gas is the flow media for permeability measurements and helium
is used for pore volume measurements. Data are recorded by the computer and

*he calculated vatues and rew data are stored on the fixed disk.
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The pulse decay technigue Was used to test the samples that were in the nano-
Darcy to microDarcy range; the steady-state method was used for samples above
0.3 mD (Hseih, et al., 1880). To initiate the tests, all samples were installed into
an impermeable sleeve and sealed with the end caps connacted 1o the pore
pressure tubing. The sample assembly was loaded into the pressure vessel. An
initial confining pressure of 500 psi was applied 1o the sample to check for S\}stem
leaks. The pore pressure was then applied and the confining pressure siowly
increased to the pressure reguired to provice a net effac:tive' stress equal to the
overburden stress. The designated overburden stress was caiculated from the

gtress gradient of 0.85 psi/ft provided by BPCL

Permeability values were determined using a modified Brace technigus W}th
updated storage coefficients if the pulse decay method was used on the sample
(Brace, et al., 1968)., When steady-state measurements were made, s Klinkenberg
correction for gas slippage was used. All the radial permeability valuss were

corrected for the non-linear flow path across the cors cylinder.

6.2.1.2 Test Description of Porosity Testing

Poresity measurements were made using Boyle's Law Double Cell Method as
described in standard testing procedure APL RP 40 {American Petroleum Institute;
1960). In this method, the grain volume of the sample is measured in &
porosimeter which is an apparatus consisting of two connected chambers, The
core sample is placed in one chamber and the gas pressure is adjusted to the
required value. The gas in the second chamber is adjusted to some different
known pressure. The pressure is eqgualized and measured. From these data and
Rovie's Law (PV =C}, the volume occupisd by the grains is calculated. tn addition,
the bulk volume of the sample is measured using calipers. The porosity is then

calculated by subtracting the grain volume from the bulk volume,

Both ambient and overburden porosity measurements were magde. The overburden
porosity measurements were run by attaching the porosimeter manifold to the pore

pressure ports in place on the permeameter manifold. The overburden porosity
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wase then measured using modification B to the Boyie’s law gouble cell method as
descrined in AP BF 40 (AP, 1980), The amblient porosity measurements were
made by placing the sample in a2 matrix cup and foliowing the standard APl RF 40
nrocedure. When both ambient and overburden pressure tests were run on the
same core sample, the ambient tests were completed before the overburden tests

were performed.

Adgitional detail concerning the sample preparation, calibration, and testing
srocedures are described in the RUI test report (Appendix F-1, Volume 10) and the

BFCI Work Plan and Quality Assurance Document.

£.2.1.3 Test Besulits

A compiete list of the data results from the plug permeability and porosity (ests are
listed by descending depth in Table 6-2, which is located at the ena of this section
gue to its length. Physical characteristics of the plug that may have affected the
resulty are noted with the‘repor‘ted vaiue and gescribed at the bottom of the table.
Porosity values less than 0.1 percent are reported as 0.1 percent with the " <7
llegs than) symbol 10 the right. Steady-state derived data is reported in integer
sormat. Pulse-decay dertved data is reported in decimal format with B-Cf‘sgi‘{

pracision and trailing zercs are only a format artifact.

Permeability and porosity were meaasurad at ambignt conditions for some plugs to
compare with data from WDW No. 1. A summary of this comparisen is shown in
Table 6-3. These data are noted with the letters Am or the word Ambient to the

right of the reperted value in Table &2, the summary of the plug permeability and

porosity measurements from the stratigraphic test well.
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Table 6-2. Comparison of Ambient Permaability and Porosity Measurements

2848-2850 16.4 20 3.29 4.1
2810-2811 NIA 4.5 0.06 <0.1
2959-2950 12.3 19.8 348 120
2989-2990 12.4 12.5 30 45
3008-3010 16.8 12.6 442 75
3070-3072 18.0 105 25 26
3020-3091 13.6 2.2 154 . 865

Table 8-4 compares the core measurements (psrmeability and porosity) from 1268
from the Lima WDW No. T well measured at ambient conditions, with the core
measuremants from the stratigraphic test well which were measured at overburden
conditions. Depth corrections were made to the WDW No. 1 data for stratigraphic
comparison of beds with the data from the stratigraphic test well, This
comparison ilustrates a combination of slight differences in the correlation of the
lithologic streaks and the difference between ambient and cverburden
measurements. A detailed review of the cores from Lima WDW No. 1 and the
stratigraphic test well were made by the sfte geologist. All features were found to
be corfalatable between these two sets of cores within + 135 ft. Therefore, it is
helieved that Table -4 can be used to provide a good indication of the effect of

overburden versus ambient measurements for those various bheds.

Table 6-5 shows a direct comparison of permeability and porosity measurements
from selected cores from the Lima stratigraphic test well measured at both ambient
and overburden conditions. This data is plotted for permeabiiity measurements in
Figure B-1 and porosities in Figure 6-2. The results show theat the impact of
ambiant versus ovarburden measuremeants is directly dependent upon the

petrographic nature of the sample being measured.
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“able 5-&4. Comparison of Gas Permeability and P@résﬁw
Besuits from the Stratigraphic Test Well and WDW RNe. 1

2795-2796 8.2 129 0.0823 1.7
2801-2802 3.0 3.1 0.001 <G4
2803-2804 4.2 13.8 0.00138 1.3
2808-2810 7.1 8.8 0.007 <01
2814-2815 15.6 5.6 0.004 192
ZREHIZE2 TEE 5.3 B4 TEY
2823-2824 2.8 17.6 0.000521 185
2828-2829 14.9 10.8 520 2
2832-2833 20.1 21.5 12 157
2838-2838 15.8 17.2 B/A 59
SEAEIIEEE 08 ALY 82 TTTTES
2845-2850 13.8 20 3.13 a1
2851-2862 19.8 22.5 57 84
2885-2888 2.5 18.5 0.00% a2
28B88-2880 16.5 10.2 159 <0.1
SEEETYE0N 1757 20 KRS 5
2803-2805 18.2 18.7 4d 19
2210-2841 3.7 4.8 0.002 <0.1
2818-2820 13.7 18.85 ‘ B4 28
2826.-2828 18,7 18.5 31.3 240
FEEEISEEYTTTTYTTT TRE 1873 87 7
2834-2835 20.8 1.4 171 <0.1
2543-2845 , 14.7 21.3 §30 21
2850-2851 16,9 6.1 47 18
2858-2860 0.7 18.8 283 120
SEREIYEET rlol] TEETTT g7 i}
2870-2871 15.0 16.1 148 45
7974-2875 12.1 15.9 595 174
2878-2980 11.2 - 14.2 ¥ ‘ 8.7
2885-2887 E 8.5 18.2 /A : 102
FEEEITEETTTT TV e 20 45
2583.29595 5.0 11.0 0,102 28
3000-3062 0.6 13.5 98 3.2
3005-3006 8.1 15.8 28 27
3008-3010 13.4 12.8 285 75
SHTECE0YE N TET picio i 585
3020-3022 12.3 4.4 178 102
3025-3025 12.4 17.4 168 g9
3028-3030 5.5 13 30 15
30453050 55 14.7 5.0 40
el tcicTo -1- S R A TEE g8 - &8
3070-3072 10.2 10.5 8.54 26
3085-3088 14.8 17.8 138 870
3080-3081 131 22.2 110 BBE
3098-3100 13.3 7.5 83 33
FIOEETesTTTTTTTT T4 N Y &8
3110-311) 121 19 115 - B2
3113-3115 8.6 17.5 0.0514 42
3195-3117 18.3 178 397 142
3123-3125 15.4 13.3 418 1.8
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Table 5-5. Overburden Varsus Arabient Permesbliity snd Forosity

Pape MNo. 68
Movember 15, 1881

2848.8
2882.4
28101
2958.8
2987.1
2985.9
2993.9
30089, 1
3071.8
3090.5
3113.5
3137.1

3148.0

3.8
8.2
3.7

10.7

(63}
—ht

15
/A

13
23
18

- 42

20
43
18
37
40
4B

3.28
0.00885
£.0582
348
2.21
30
5.83
412
25
154
0.626
1.72
18.3

3.13
0.0%128

" 0.00181

283
1.35
20
0.102
285
B.54
0.0614
0.00404
0.0208

24
87
16

33
88
31

100
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Figure §-3 shows & comparison of log calculated porosities from the open hole t0g

| suite run in the stratigraphic test well versus the core measured porosities (at
averburden) from the Lima stratigraphic test well. The correlation betwaen the
measured values and log derived values is good, and provides a continuous record
of the porosity trend that can be used to calculate a reservoir capacity for the

effective injection interval.

& summary of the gas permeability meésuremehts {measured at overburaen
conditions) by model layer is presented in Figure 8-4. The permeabiiities shown in
Figure 6-4 are geometric means due to the large range of permeability values

- measured in some of the model layers. This averaging does not fully refiect the
higher and lower permeabiiity streaks that are found in some of these model! lavers.

A summary of the gas porosity measurements (measured at overburden conditions!}

sre shown by modsl layer in Figure 8-5.

Whole core samples from potential tight zones were tested for permesbility in two
directions, axiail {(vertical) and radial {horizontal). These data are listed by
descending depth order in Table 6-6. The same symbo! convention described for
plug test data applies to these data. Some samples had prohibitively long pore
 pressure eguilibration times atiowing only an upper limit of the parmesbility vaiue to
he determined under the prescribed test parameters. Using this upper limit for
these tight zone permeabilities resuits in conservative permeability values for the

arrestment strata {greater vertical transport than actual),

whole core samples from potential thief zones wefe ‘c‘ested for permeability in the
axial {vertical) direction and radially (horizontally) in four separate directions. These
dats are listed in Table 8-7. The same symbaol convention as described for whoie
core bi-directional test data applies to this data set. The radial measurements were
made in 45 degree sections spanning the direction noted in the table. The radial

direction numbers noted on the table are degrees clockwise from true north.
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Figure 6-3 Comparison of log-calculated porosity measurements 1o tab-

measured porosities.
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Tabie §-8. Whole Core Permeability Data from Tight Zomeé
in Lima Stratigraphic Test Well

1204.8 Axial 0.000068
Radial 0.00011

1357.8 Axial 0.000008

Radial 0.000422

1460.3 Axdal <0.000237

Radial <0.000138

20886.7 Axial <0.004880

Radial <0.001330

2283.4 Bodiat 0.004740

Radial 0.007870

2500.9 Axial 0.000234

Radial €0.007080

2802.5 Asdal =Q,0038580

Radial £0.003160

2554.5 T Aodal 0.00001% %

Radial =0.000782

2604.5 Axdal .- <0.000808

Radial < (0.000484

2672.5 Axial <0.002720

Ragial <0.001640

2688.9 Asial 0.020500

Radial <0.002150

2625.8 Axial 0.082500

Radial 0.043000

2732.0 Axial <0.004820

Radial . 0.183000

2748.7 Axial 0.001480

Radial 0.131000

2814.0 Axial 0.243000

Radial 0.007810

3154.4 Buxial 0.028700

Radial NA

< Sample permeability 18 less than reported value
“ Bedding plang partngs, stregs/dehydration cracks.

WNote: Precision eguais 3 significant digits, trailing
»eros are a format artifact.
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Table &7, Whoie Cm’é Directional Permeability Date from Potenilal Thief Zones

in Lima Swatioraphic Test Well

Sarnple Depth il

Dirsttion

iPermeabiiiny AmD}

1818.7

2230.0

Z351.2

2642.8

2680.7

2790.0

2854 .1

bzt
Radisl ©

‘Badial 45

Radial 20
Ragial 135
Axial
Radial O
Radial 45
Radial 20
Radiai 135
Axial
Radiat O
Radial 45
Radial 90
Radial 135
Axial
Radial O
Radial 45
Radial 80
Radial 135
Axial
Radial O
Radial 45
Radial 80
Radial 135
Axial
Radial O
Radial 45
Radial 90
Radiat 135
Axial
Radial O
Radial 45
Radial 90
Radial 135

0.520000
1.270000
2.226000
4.130000
3.820000
0.030200
0.021100
0.010200
0.002680
0.000688

502
372
295
277
147
<0.003350
0.030300
0.631200
0.027300
0.028850
<0.005530
0.027800
0.024800
0.022000
0.022000
0.000677
101
j44
187
127
0.040200
38
36
36

35

-t
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Tabie 5-7. Whole

page Mo, 6-16
Novermnber 13, 1881

Core Directional Permeabiiity Dets from Potentisl Thiet Zones
in Limns Stratigraphic Test Well {continues!

Permsabiiy imDI

29443

3033.2

3055.6

3148.0

Axial
Radial O
Badis! 45
Radgial 80
Radial 135
Axial
Radial O
Badial 45
Radial 280
Radial 135
Axdal
Radial O
Radial 45
Radial 80
Radial 135
Axial
Ragial O
RKadial 45
Radial 30
Badial 135
Aodal
Radial O
Radial 45
Radial 80
Fadial 135

88
190
216
183
266
3.62
83
81
82
81
28
50
a6
1190
78
0.072800
4.13
2.83
3.20
2.87
©.057300
164
131
$32
118

. 2 Sample Permeability is less than reporied vaiug

Wote: Precision souats 3 sigriificant digits, railing zeros are 2 format

arifact,
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€.2.2 Liguid Permeabiiity Testing of Core Plugs

Fourtean uniaxial strain tests wefre conducted on selected core plugs oM Zones
within the injection interval. Seven 1esis Were run on vertically priented specimens
ard soven (ests wers run on norizontaliv-oriented gpecimens from the same depth
ocstions, A detailed description of the uniaxial strain testing procedures has been
inciuded in the appendix for the geomechanical section {Appendix G, Volume 110,
The following paragraphs describe the continuous permeability geterminations that

were made throughout the geviatoric toading cvcle of each uniaxial strain @st.

5.2.2.1 Teet Deseription

heasurements were made of Hguid permeability as & function of effective stress
on & number of samples cut from the whole core in both a vertical and rorizonial
direction. Thase tests were conducted in conjunction with the untaxial strain 1ests
1o give an indication of the prassure sensitivity of the permeability of these cores,

described in Section 7.

The tests were conducted on 2-in.-diameter by 4-in, {nominat) and F-in.~diameter
by 2-in. {nominal) core plugs, which wére vacuum-saturated for 48 hours with 3
‘parcent KCI bring prior to 1esUng. The specimens were then piaced betywesn two
endcaps with 120-mesh screens on 1Gp and bottom; and & hegt-shrink Teflon
jacketing was placed over the specimen and secured 1o the angcaps with wire ties.

The specimen was then inserted in 8 20,000 psi trigxial test vessel.

A nominal (100 to 200 psi) confining pressure was applied to the specimen 10 seat
it in ‘the pressure vessel, to close the jacketing gaps, and to prevent iacket rupture
guring the initial flow, Approximately 50 mi of 3 percent KCl brine was passed
through the test specimen prior 1o applying deviatoric loading to ensure that the
fines and samples were fully saturated. For the iow permeablliity samples, the 50
ml of 3 percent KCI was not passed through when the sample displayed a

gitferental pressure > 150 psi at 2 fiow rate < 0.5 mi/min.
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During sach test, flow was psiablished thf@ugh the sample at & constant flow rate .
supplied by & Milton Roy constant flow metering DUma. nrovided by British
Petroleum Exploration. Flow rates were selected $0 &5 10 Maintain the differential
pressure of <200 psi across the sampie guring the deviatoric inading cycle.
Pragsure grop atross the sample was monitored continuously using & strain caged
differential pregsure Transgucer. Mate were recorded using 8 computer- -based daia
soguisition system. The uniaxial strain deviatoric loading nroceeded Dy applying an
syiat lnad st an axial strain rate of < 23108 infin/sec for ail Formations, with the
exception of the Cincinnatian and Btack River horizons, which were loaded at an
axial serain rate of <ix10° infin/sec. The confining pDrassure was increased in

ordar to maintain a constant radial strain during the axiat loading.

The flow pump and pressure sranscucer were calibrated prior to testing using
standard SAIC OA procedures (Section 12, A npendix G-&, Yolume 11} in
sddition, prior 1o testing, & system Dpressure drop was measured while the loading
ptatens, 120-mesh screens, and all pore flow tubing used In the parmeability
gystemn werg in piace, A Dressure drop calibration was nerformed at various fiow

rmtas with no back pressure induced on the system.

Liguid permesabiiity (K) was deterrninad as;

!

K = Gi
-8 T.

(-1

B

Where: Permeability {darcies)

Flow Rate icc/sec)

Specimen Length {om)

Fluid Viscasity (cp) (Assumed = 1. )]
Cross Sectional Flow Arga lcm®)

= Pregsure Differential {atm)

L

i

il

K
®
L
u
A,
A

o
|

8.2.2.2 Test Resuits

Table §-8 presents the permeability data resulte 3t an overburden stress level of
2,000 psi. Plotted results of each test may be found in the appendix for the

geomechanical section (Appendix G-}, which includes curves representing the radial
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strain {infin) permeability (milliDarcy) and zxial strain {infin) vs. total axial straess
{psii. '

Table 8-8. Liouid Permeabilicy Test mesults from Plugs at bn Situ Conditions®

2657 Eau Clairs 0.33 | 1.3
2782 Eau Claire 135 58
28%8 Mt Simon 11.7 150,
2888 Mt Simen 33 147
2988 W, Simon 34 0.35
3071 Wit Simon 190 43
3145 Mt Simon 240 0.65

¢ Bgrmeability at the 2,000 psi averburden gtress level

§.2.2 EBectrical Testng of Core Plugs

Nine sample plugs were submitted for slectrical testing to determing the formation
factors, cementation factors, and tortuosity values, as pressnted in Table &-2. Adl
samples were selected from the confining and injecticn zones. RPorosity and
permeabiltw messurements wera also made on each sample =nd the selected

depths agre Shéwn on Table 6-10.
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PLUG PERMEABILITY AND PQROSIT‘{

Table &-2

Compeny: BP Chemicals

Welk L ima Stratigraphic Test

Lossuon: Lima, Ohio

, OVERBURDEN
Sample ~ Grain Porosity Permeability
Depth Density
(fr)  (g/ee) (%) (mD)

1825.8 2.73 1.0 6000476
1969.9 2.85 7.0 < 0.008840
1675, 1 2.81 4.5 . @i‘ 1000
2028.% - 308 1.8 0.0 @‘B
2088.8 287 53 *
2098.2 2.82 2.6 @, @ﬁ 32@@

- 2128.1 2.84 0.4 0.000296
2150.1 2.84 Q3 0001060
2168.5 2.83 0.8 £.000027
2231.5 2,76 g.4 0. 743000
2Z28.8 2.7% 2.3 0.000512
22297 283 2¢ *  06.000052
2276.8 283 ¢t < 0.000128
Z2328.3 2.87 5.6 24.9
2375.9 2.84 5.4 0.118000
23828 2.80 4.5 * 14,3
240E.6 2,74 5.9 0011000
2403,8 275 7.2 0.182000 UX
2£10.0 271 8.2 298
2639.9 2.88 8.7 # 0.002800
2853.2 2.83 4.8 0.001800
2660.6 278 3.0 0.006000 UX
2474.6 2.62 5.4 0001210
2490.9 267 4.8 0.001780
2518.8 272 €.2 §.000017
2520.2 2.78 1 < 024
2537.6 272 3.9 G000
2564.5 265 .9 < ¢.000333

| 2852.8 6.2 0.0004£2%

282

Page No. £-203
November 15, 1981



PLUG PERMEABILITY AND POROSITY

Compuny: BP Chemicals
Welt Lime Stratigraphic Test
Losation Limea, Ohie

OVERBURDEN
Sample  Grain Porosity Permeability
Depth Density
() (glee) (%) (rmD)
(25@4.,9 2.85 6.7
25751 2 63 0.8
2585.8 2,68 1.0
| \ 2614.0 2 94 2.7
\ 28286 272 6.0 226000 \
2634.% 268 2.8 .07 0500
\ sgas4 284 101 6.245000 |
2857.8 275 6.8 0.637500 UX \
28581 2.72 2.4 0.19% 000
o576.4 273 2.8 0000473 \
2685.0 262 8.6 ¢.042800
2694.4 265 63 < 0002880 V
2694.6 2. &5 2.5 0.004550 H
27081 2.67 1.2 1,380000
S711.5 265 - 37 0.074200
2727.4 2.64 7.7 0.028300
2737.9 2.66 2.8 0.007290
2763.8 274 2.5 0000812
2766.5 2.72 5.0 0.008470
27729 2.71 .5 0.001310
2787.5 2.7% 3.5 0.262000
2789.8 2.62 16,8 180 UX
=781.1 2 61 $7.7 130
2795.1 Z.686 8.2 $.062300
2801.1 274 3.0 0.0070%0
2803.2 2.66 4.2 0,005 380
280%.9 2,70 7.4 (.007 430
2814.9 2.64 i5.6 0.008010
2820.4 5 62 12.8 164



PLUG PERMEABILITY AND POROSITY

Cotpany: BP Chemicals
Welt Lime Stratigraphic Test
Location Lime, Ohio

OVERBURDEN

Sample Grain Porosity Permeability
| Depth Density
L (ft)  (glee) (%) (mD) 1
‘ 2823.4 2,71 2.8 0.000821
L ogpes 261 141 526
| sgaze 286 20.9 12 |
2838.2 2 61 19.7 a3
\ 2gsge 261 15.8 152 UX
| 2845.5 2,63 20.8 162
2842.6 266 $3.9 2.930000
284%.6 16.6 Am 2.280000 Ambient
286%.1 2.59 18,8 57 |
| 2g82.4 2,70 8.2 0.0 2200
1 2882.4 6.008850 Ambient
2B87.1 2 64 2.6 0.008710
28826 2,69 16.5 Ux
280%.1 2,59 $3.7
28034 2,5% 18.2
285 0.1 2.68 3.7 0.0096%0
2830.9 0.058200 Ambient
2879.1 2,62 12,7 54
2825.9 2.6% 16,7 2%.3
2628.0 2,60 $2.9 180
2831.6 2.61 18.3 &2
2834.9 2.58 20.8 $79
584£3.5 2.865 14.2 130
2850.4 2.80 6.1 &7
2258.8 2 64 $0.7 283
P52 8 12.3 Am 348 Ambient
2083.8 2.64 1.8 228
2556.6 258 . 20.3 g7

28711 2861 15.0 142



PLUG PERMEABEMTY AND POROSITY

Company: BP @h@muc@%g
Welt Lime Stratigraphic Test
|.ocostion Lima, Ohio

! OVERBURDEN
Sample  Grain Porosity Permeability
Depth  Density
(fr) _ (g/ee) (%) (mD)

se74.8 285 121
ss7e.e 284 150

:

2876.9 $7.6 Am

2678.4 = 284 $1.2

2987.% 2.85 8.5 ‘
2987.% 4.1 Am 0000 Ambient
2089.9 o&d 113 20

2829.8 13.& Am 30 Ambient
2283.2 2.68 8.0 2000

2923.8 10.6 Am 500 Ambient
2087.2 2.85 8.7 Ux :

2998.2 264 . 535
3001.9 2.64 0.6

3005.5 2.66 g.1

300%.9 266 . 13.4

3008, 1 - 16,8 Am 892 Ambient
30431 2,64 5.8 230

3096.3 2,64 10.5 - 120

3521.9 2,64 12,3 {78

3026.1 '2.64 12.4 168

3029.1 2.64 5.6 30

3048.8 264 5.5 5,01

3053.2 2 84 g.4 g5

3071.6 2,65 10,2 8.54

3671.8 186 Am 25 Ambient
50873 @ 2683 14.6 139

3080.2 2 265 3.1 110

3920.5 284 $1.9 19

2000.5 12,6 Am ¢85 Ambient



PLUG PERMEABILITY AND POROSITY

Company: BP Chemicals
Well Lime Stratigraphic Test
Losation: time, Ohie
OVERBURDEN |
Sample  Orain Porosity Permeability
Depth  Density
(f)  {g/ee) (%) (ml) J\
3084.4 2.82 9.4 85
3028.2 282 133 83
C 3108.8 262 14.9 37 .
2110.8 2.68 121 115
3143.5 2.64 8.6 0.061800
3113.5 $2.6 Am 0.828000 Ambient
24968 2 284 183 392
3123.4 2863 8.4 418
3130.2 2.63 13.5 1@
3137, 2.87 2.8 56.004040
3137.% £,3 Am 1,72 Ambient
3143.2 264 8.7 :
31488 285 5.5 5000 UX
| 3t4e.C 2.85 5.% D00
2.8 Am 18.3 Arnbient
2984.7 2683 151 166
3189.7 258 0.6 0001030
I202.7 253 ¢.5 0.000882
3217.2 2.62 3.0 0.,002140
3225.1 2.58 3.6 G. 000104
3233.7 2.6 2.3 001350
3250.1 Z2.868 4.4 0,002130
3275.6 Z.68 % <
32881 .85 0.1 < YOO8
33027 2.82 i < 0.000385
3340.% 2.73 &9 0.000538
3380.3 2.83 G < 8000312
54043 285 Gt < 0000053




PLUG PERMEABILITY AND POROSITY

Company: BP Chemicats
welk Lima Stratigraphic Test
Losahomn Lima, Ohie

OVERBURDEN
Sample Grain Porosity Permeability
Depth  Density |
(B (gee) (%) (mD) ji
—

L

* Vugs

# Chipped plug

< Porosity is less than reported number

@ Porosity and Permeability {rom whoie core sample
UX Uniaxial liguid permeability samples

WW Sohio hole #1 samples, permit 68

Note: Precision is to 3 significant digits. rrailing
zeros are a format artfact.



INEOS USA LLC
Lima, Ohio
WDW #4

ATTACHMENT G

WELL CONSTRUCTION SPECIFICATIONS
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7.0

WELL CONSTRUCTION
General Comments Regarding Updates for the renewal Application

The conclusions of this section remain basically unchanged from the July 1982 UIC permit
application submittal. This section has been updated, however, as appropriate based on published

jiterature, site operating history, test results, and date analysis conducted in regards to the INEOS
injection well activities since July 1982,

Section 7 contains versions of various compliance implemeantation plans reguired by the existing
permits. These arée contained in Appendices 7-3, 7-4, 7-5,7-7 and 7-8. As discussed in Section 1,
these plans are periodically re-submitted to OEPA. Consequently, those versions contained herein,
which are provided fo faciiitaie stand-alone review, may not be the most current. The most recent
versions, submitied under separate cover, should be considered the goverhing versions.

The four currently permitied INEOS Class | Waste Disposal Wells 1,2 3and 4 (WDW Nos.1, 2.3
and 4) are consiructed with multiple casing sirings for protection of USDWs and potential mineral
resources (Ohio EPA Permit 10 Operate Numbers UIC 03-02-003-PTO-, 02-02-004-PT0-, 03-02-
005-PTO-, 03-02-008-PTO-}. WDW Nos. 1 and 2 are construcied with two casing sirings in
addition io a carbon steel injection string which is internally coated with 2 corrosion resistant epox

coating. WDW No. 3 is simitarly constructed, but & full-length casing liner was instatled n January
5010, WDW No. 4 is construcied similarly but also includes an intermediate casing string. The
surface casing is set below the lowermost USDW (the Sub-Lockport Group) in all wells and
cemented to the surfece. The protection or long siring casing is set at the fop of the injection
interval and cemented in place. Thus, the USDWs at INECS are protecied by & minimum of Two
carbon steel and two cement barriers. Waste is emplaced in the Injection interval in all wells via
carbon sieel injection tubing which is internally coated with & corrosion resistant epoxy coating and
surrounded by a pressurized and monitored liquid annulus systern, thus providing additional
protection for USDWe, Details on the construction and cementing of the INEOS injection wells are
provided on Table 7.1 of this application. Wellbore schematics of the four injection walls are
provided as Dréwings 7.4 7.2, 7-3 and 7-4. Packer and seal assembly schematics of the four wells
are provided as Drawings 7-5, 7-6, 7-7 and 7-8.

The wells at INEOS are constructaed such that they can be tested annually for machanical integrity.
The following table summarizes the mechanical integrity demonstrations conducied since the
permit application submittal in September 1988, The results of these mechanical infegrity fests
were documented and submitied to the Ohio EPA in detailed Mechanical Integrity and Well
Workover reports submitied o the agency within 80 days of completion of the work. in most cases,
Ohic EPA employees wiinessed the key aspecis of these mechanical integrity demonsirations. in
all cases, mechanical integrity was successfully demonsirated. Details of the mechanical integrity
demonsirations, well logs un, and well workovers conducted over the history of the four injection
wells is summarized in Appendix 8-1.



TWELL NAME & NO. | MIT DEMONSTRATIONS

WDW o, 1 Dctober 1988 Dctober 2005
October 1988 Ociober 2006

October 2000 October 2007
Deiober 2001 October 2008
Ociober 2002 | October 2008 1
October 2003
October 2004

WDW No. 2 April 1998 Aprit 2005
Aprit 2000 Aprit 2006
iiay 2001 Aprit 2007
May 2002 May 2008
April 2003 April 2009

July 2003 (During
Waorkover ')

April 2004
WDW No. 3 [ July 1989 August 2005
1 August 2000 August 2006
August 2001 August 2007
August 2002 August 2008
August 2003 August 2008
Ociober 2003
August 2004
WIDW No. 4 June 1880 June 2005
June 2000 Junz 2006
June 2001 June 2007
June 2002 June 2008
June 2003 June 2003
\ June 2004

"On July 1, 2003, INEOS verbally notified the Ohio EPA regarding the loss of differential
pressure in WDOW No. 2 which had occurred on July 1, 2003. This was determined to be a leak
in the injeciion string. INEOS ceased injection in WDW No. 2 prior fo loss of differential
pressure. INEQS was able 10 successfully shut-in the well until an emergency weli workover

was conducted. Ohio EPA provided field approval fo resume injection aiter INECS successiully
demonstrated mechanical integrity on July 18, z003.

Subsequent to the July 1882 permit pperale application, INEOS reguested a permit modification
o change the S-year WMIT casing inspection requirements in the future to times when the injection
etring is pulied from the injection well This permit modification weas finalized by the Ohio EPA on
June 13, 1987, INEOS anficipates that the current permit motiification language consistent with
OAC 3745-34-57(1)(4) will remain in the renawal of the permits to operate for these four wells.

WDW Nos. 1, 2, 3 and 4 have heen worked over several imes io either replace the injection siring
or increase injectivity. NO casing leaks have ever oceurred in any of the wells. Other than minot
tubing or packer leaks, related © normal fife expectancy of these materials, the wells have
malntained mechanical integrity since the beginning of injection operations attesting o the

7.2



adequacy of the well design. Through the results of the extensive sesting conducted and fhe
multiple layers of protection proviged by the design of well construction, INEOS has heen
successiul in demonstrating that injected fluids have not movead into unauthorized Zones. Details of
the mechanical integrity demonstrations, well logs run, and well wotkovers conducted over the
nistory of the four site iniection wells is surmmarized in Appendix 8-1.

The annulus monitoring systems were replaced in 2001, The welihead annuius moniioring systems
are designed to comply with the regulations a8 defined in 40 CFR 146 and in rule 3745-34-56 of the
Ohio Administrative Code. This includes a systermn 10 track the changes in annuiue fluid volume
during the operation of the injection wells. A schematic of the annuius monitoring system in the
existing INECS injection wells is ilustrated in Figures 7-1 and 7-2 of this application.

The surface injection pressuré‘ surface annuius pressuie, and flow rate are moniiored and recorded
continuousty on both the plant Data Colisction System (DCS) system and on strip charts. The piant
DCS is the compliance monitoring sysiem at the site to satisty all permit monitoring conditions.
Only in the eventof 2 failure of this primary sysiem will the strip charts and/ot field pressure gauges
he used to satisfy the permit monitoring conditions. Thase charts are verifiec daily and filed for
refarence and reporting purposes. Field readings of local wellhead pressure gauges for hoth the
snnulus and injection sysiems are recorded on a 4-hour basis. These rgadings are compared 10

the chart recordings and calibrations are performad 28 indicated.

The monthly averages, meximums, and minimums  for injection pressure, flow rate, annular
pragsure, and injection volumes are reported 28 reguired under the existing permits 1o pperaie.

The annular fluid in each well is composed Of @ ibigal NaCl salt water bring coniining
approximately 5 gal of corrasion inhibitor per 300 gal of bring and a bactericide and with the pH
adjusted o 10 with NaOH. The annuiar pressure will be maintained at & minimum of 50 psi above
the injection pressure as measured at the surface during injection pperations. The specific gravity
of the annular fiuid {approximaiely 1.08) is greater than the specific gravity of the injectate, which
has an average specific gravity of 4 025 and a maximum of 1.05, thus insuring that a positive
annuiar pressure is maintained throughout the tength of the injection string.

Tha annuius monitoring Systems maintain a minimurn giffzrential pressure. Backup systems are in
place should the primary systems peasome unabie 10 mainiain the minimum differential pressure. In
addition to differential pressure, annulus fiuid joss is &is0 monitored.

All casings used In the INEOS wells are standard APL tubulars. Through INEGS's experience of
over 40 years in handling this waste water stream, carbon steel has been determined o experience
significant pitting and corrosion whan exposed 10 the injectaie stream. Eor this reason, the suriace
equipment and piping and key components of the packer are staintess steel. These materials
provide for indefiniie life of these components. The use of threaded stainiess steel for the injection
string is problematic, and problems maintaining 2 sealed threaded connection do not justify the use
of slainless steel for this application. For this reason, INEOS has chosen 0 USE carbon sieel
rubulars internally coated with a corrosion resistant epoxy coaling.



To protect the lower section of the fong siring casing located below the packer from corrosion from

xposure to ihe injectate, INEOS instalied 2 tail pipe that hangs haiow the packer and conducts the
injectate past the bottom of the tailpipe. A diesel huffer was injected that will ficat up bstween the
tailpipe and the bottom of the long string casing. isolating this section of the long siring casing from
the injectaie. INEOS has experenced relatively good SUCCess with this technigue. The following
rable summarizes the current materials of construction of the four existing Lima injection wells.
Based on the current results from the UIC Corrogion Monitoring Plan (Appendix 7-5) and the
operating history over the years, all of these materials have been demonsirated to have good
operaiing characteristics and to expefience minimal reactions or attack from the fiuids injecied at
ihe faciiity. INEQS reserves the right to change these materials of construction in the fuiure based
on operating experience and the ongoing results from the site UIC Corrosion Moniforing Plan.

3

UWellhead Valves | 316 SS 1 316 S8 316 SS ] 316 S5
injection Tubing N-80 Coated with \ N-80 Coated with | J-85 Coated with \ N-80 Coated with
: Tk-15 TK-15 TK-B9 TK-15
[Downhole Landing 410 SS \ OES \ 410 3S T 410 58
Nipple
[ 304 S 304 S5 304 S5 i
!

Seal Assembly
41-4) Sieel i 44-40 Stesl £4-40 Stesl

Elastomers
Packer 1
Witrite | Nitrite i ' Nifrile

Backer Elasiomar

44-40 Steel
Witrite

"Crossoversub | 30458
T 316 S5 376 55
1
1

l \
[ Seal Assembly } { 315 SS
V-Ryte (Viton) V-Ryte (Viton) \ V-Ryte (Viton} V-Ryte (Viton)
l i
| i

The cesing and cementing program sor each well at INEOCS s summarized in Table 7-1 of this
application. As discussed above, the wells are gesigned o both prevent the movement of fluids
into or betwean USDWs and they are equipped with an annulus monitoring system o detect any
potential leaks. The casing and cementing program fof WDW No. 4 is presented in Appendix 7-1,
which details the cermenting and casing program for the surface, intermediate, and Iong siring
casings. Poftions of these discussions are sxcerpied 2s appropriate 10 address the requirsments
contained In this section. ' '

Al of the INEOS injeciion welle are designed so that the surface casing is sel helow the lowermost
LUSDW, which occurs at depths ranging from 352 # to 372 ft in the four welis. Drawings 7-1, 7-2, 7-3
and 7-4 illustrate the casing depths for the four INECS Class | wells. The setting depth for the
surface casing ranges from 432 ft to 713 ft within argiliaceous dolomites in the Cincinnati Group,
and all surface casings wWefe cemented o the surface,

in WDW No. 4, 18-inch surface casing was set fo 2 depth of 712.6 ft KB in a 20-inch surface hole.
The lowermest USDW in WDW No. 4 occurs at a depth of 373 # KB therefore, the surface casing
was set significantly beiow potential USDWs in this well



The casing was semented in the 20-inch nole from 700 fi fo the suriace employing 2 designed 50%
axcess cement. The cemant used was as follows:

Standard Howoo Cement with 30/0.63012 4% gel, and 1/4 In/sack flocoele.
The slurry propertias Ware a8 follows.

Siurry Weight:14.33 ib/gal
Sturry Yield: 1.85 f'/sack
Water

requirement: 5.2 gallsack

The cement volume calculations were as follows:

24-in. conductor casing cun o 82 & 1.D. = 23.251n.

20-in. 1.D. hole fo 721 ft

Hole Volume = (82 fi)(2.948 A% + (858 f)(2.182 #) = 1,620 #°

Casing Volume = (712.8 ft)(1.396 f2) = 905 f’

Required Cement Volume = 1620 - 905 = 625 it

Reguired Cement Volume = 825 #°1(1.55 #%isack) = 403 sacks of cement.

The wall was cemanted on March 25, 1981, with 580 sacks of Standard Howeo Cement with 3%
CaCl, 4% Gel, and v, lofsack fioccele.  The jaboratory cement test report is included &s
Attachment 2 in Appendix 7.1 of this application. The stepwise cementing SUMMETY for the surface
casing is included in Appendix 7-1. The reported cement shurry density was 14 1 ibigal with 2 yield
of 1.56 f¥/sack. The cement geveloped & compressive strength of 1,840 psi in 10 days.

Excess cement (152 sacks) was circutated 10 surface versus the calcuiated 177 s&cks (86% of
calculated). Approximately 35%, excess cement was actually employed. '

Al of the INECS injection wells are designed with a 7.in long string casing set pelow the top of the
modsled injection interval which occurs in the lower Eau Claire Formation at the top of the EC,
model unit, Drawings 7-1 through 7-4 contain the casing depths for the sour INEQS Class | wells,
The setting depth for the 7.in long string casing ranges from 2,813 t0 2,885 1 within shaly sections
of the Mt Simon Sandsione, and all wers cemenied o the surface.

intermediate and long string casings were run in WDW No. 4. Detaiis on the cementing and casing
program are includad in Appendix 7-1 and summarized below.

An intermediate casing string was run in WDW No. 4 and cemanted prior 1o drilling into the
anticipated waste water piume, The 10 v,-inch intermeadiate string casing was set &t 2650.78 ft KB,
in 2 14 %-inch hole drilied 1o 5666 ft KB, This zone corresponds 1o the arrestment strata within the
injection zone. The intermediate casing was cemented in two siages 10 minimize the fiuid column
weight on the formation during testing. A Davis-Lynch 10 y,-inch B-round integral casing packer

7-5



type 100-1 075-1275 and & 10 s4-nch 8-round M&F siage cement collar type 778-MC were used for
staging. The casing was cemented as follows:

Stage 1. Standard Howeo Cement with 2% CaCl, 8% microbond, ¥ b/sack fioccale, 0.5%
Halad 244, 1/10 of 1% FWCA.

Stage 2 Standard Howceo Cement with 2% CaClp, 6% microbond, ¥z Ib/sack
floceele, 0.5% Halad 344, 410 of 1% FWCA

The siurry properties of the cemert were as follows:

Sjurry Weight: 15.0 blgal
Shurry Yield: 138 #lsack
Water Reguirement. 820 gal/sack

The cament volume ealcuiations were as follows!

262,30 & J-55, 40.5 b/t casing 10% in.

5258.78 7 L-80, 571.0 Ibfit casing 10 % in.

5470 ft cement packer, fioat collar and shoe

16-in. casing set at 712.80 ft KE

Cemeant Packer Setat 1791 O RKB

Hote Volume = (712.60 f)(1.268 ') + (1943.40 (1 487 f#7)=3210
Stage 1 Hole Volume = (885 (1 487 #3) = 1027 #°

Stage 1 Casing Volume = (860.00 #)(0.630 ) = 542 1

Stage 1 Required Cement Volume = 1027 - 542 = 485 it

Stage 1 Required Cement = 485 fi21(1.38 ft®/sack) = 357 sacks

Stage 2 Hole Volume = (71260 11 268 #H)+(1078.4 fi)(1.187 #)= 2183
Stage 2 Casing Volume = (1791.00 #)(0.630 #7) = 1128

The weli was cemenied on May 29, 1991, The first stage was cernented at a designed 20 percent
excess with 415 sacks of Standard Howco Cement with fhe addifives noted above. The second
stage was cemented with 905 sacks of Standard Howco Cement with the additives noted above at
a designed 20% excess. The BP Research Cement Slurry Evatuation Report is included &s
attachment 4 in Appendix 7.4 of this application. A simitar evaluation was prepared by Halliburton.
The reported cement sy density was 15.0 Ibigal, with a yieid of 1.36 #°/sack. The cement
developed a compressive strength of 1,638 psi in 24 hours.

For Stage 1, 45 sacks of excess cement were circulated fo the surface versus the calculated 58
sacks (78% of caiculated). Approximately 1204 eyoess cement was actually employed. For Stage
2. 120 sacks of excess cament were circulated to surface versus the calculated 129 sacks (83% of
calcuiated). Approximately 45% excess cement was sciually employed.



The 7-inch fong string casing string was set as the final isolation of the open hole injection interval
and cemenied. This casing was set at 2885.35 fi KB, significantly inside ihe modeled injection
interval for the Lima Site.

The casing was camented in the 8 ¥-inch hole in fwo stages 0 minimize the fiuid column waight on
the formation during cementing. A Davis-Lynch 7-inch integral packer, type 100-700-825 and stage
cement collar, type 778-MC, were employed. The cement used was as follows:

Stage 1 Standard Howco Class A cement with 2% CaCl, £% Wiicrobond, 0.25 Ibisack fioccele,
0.5% Halad 344, 1710 of 19 FWCA,

Stage 2. 50:50 ity Standard Howco Class A cerment plus Zanesville Fly Agh, B%
Wiicrobond, 2% CaCly, 0.75% CER2, 0.5 D-Alr, 2% HC-2, no gel.

The slurry properies of the cement were a8 follows:

Stage 1 Stage 2
Siurry Weight 15.0 Ib/gal 14.8 Ib/gal
Siurry Yield: 1,38 #'sack 122 #¥fsack
Water Reguirement. 6.20 gal/sack 4 .85 gallsack

The cament volume calculalions were as follows:

2 850.78 ft 10%-in. casing

262 30 & J-55, 40.5 Ibfit 10% in; 1D, =10.0501n. 145 #°
2388.48 fi L-80, £1.0 ot 40% i 1.D.=8.850 in. 1,264 i
OY-in, hole from 2650.78 10 2,891 f 119 i
Totat open hole volume = 1,528 i

+.in, casing from O to 2886.35 ft O.D. volume = 7718

Total cement volume = 1,628 - 771 =757 is

Cement packer sef at 2,050 ff KB, stage collar sat at 2,043 i KB
Stage 1 hole volume = 119 + 145+ 183 = 447 & -
Stage 1 casing volume = 225 i

Stage 1 required cement = (225 #)/(1.36 f/sack) = 183 sacks
Stage 2 hole volumne = 1.085 i

Stage 2 casing volume = 546 i

Stage 2 required cement = (535 #%)1(1.22 f'sack) = 438 sacks

The 7-inch casing was cemanted on July 20, 1981, The first stage was cementad with 225 sacks of
Standard Howco Class A cemeant with the additives noted above. This volume was @ designed
AD% excess. The second siage was cemented with 475 sacks of 5050 Pozmix, with the additives
noted above, This volume was 2 designed 10% excess since the second stage cement iob was all
inside the 10 ¥a-inch casing. The RP Research Center cement evaluation reports for both steges
are included 2s Aftachment & In Appendix 7-1 of this applicafion. Simitar evaluafions were

-
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prepared DY Hatiiburton. The first stage cement developeﬂ a compressive strength of 1,536 psi
after 24 hours. The s2cond stage developed & compressive strength of 1,551 psi after 72 hours.

For Siage 1, approximately 85 sacks of @xcess cement were circulated o the surface with the
displacement versus the calculated 62 sacks {105% of calculated). Approximately 40% excess
sement was aciually smployed. For Stege 2. approximatety 35 sacks of excess cemant were
sirculated to the surface with the displacement versus tha catculated 37 sacks (05% of calculaied).
Approximately 8 5% excess cement was actually employed.

The iong siring casings in WDW Nos, 1, 2, and 3 wefe cemenied in two stages. The intermediate
ana long siring casings in WDW No. 4 were bofh cemented in two stages.

WOW No., &

The technical specifications for the casing strings empioyed in WDW No. 4 are summarized in the
iable below. The surface casing was New, inspected at the mil and prior o shipment. If was
certified to conform fo AP specification 5CT Gr H40. The bofiom siX joints of the intermediate
cesing were J-55, 40.5 Iblf STRC R-3 casing and six were New, inspecied at the mili and prior 1o
shipment. This cesing was certified fo conform to AP specifications 5CT Gr J55. The remaining
58 joints of the intermediate casing were L-80, 51 Ipfft ST&C R-3 used casing that was inspected o
ensure that it met published iolerances for the grade anc weight of casing. The 7-inch long string
casing was New, inspected at the mill and third party inspected prior o shipment. The long siring
casing was ceriified t© conform fo AP! specifications 5CT Gr N80

H-40 85.0 15.25 15.08 17.0 670 1,640

L-80 51.0 8.8560 9804 14.750 3,220 5,880 1,165 804
J-55 40.5 10.050 g.804 11750 1,580 3,130 628 420
N-80 230 5.365 £.247% 7.656 3,830 6,240 532 a4z
N-B0 118 4.00 3.785 5.000 5,350 7,780 287 223

The total weight of the surface casing was approximately 45650 lbs, approximately 10 percent of
the 435,000 fbs joint yield sirength. The maximum internal pressure that this casing is expected 10
be exposed fo is the cement column weight (15.6 Toigal) of approximately 585 psi at the casing
shos. This value 18 approximatsty 35% of the rated internal vield strength.

The iota! weight of the infermediate casing was approximately 135,150 1bs, approximately 17
percent of the 804,000 lbs joint yield strength. The maximum infernal pressure that this casing s
expected 1o be exposed o is the cement column weight (15 ibfgaly of approximately 2 066 psi &t the
casing shoe. This value is approximately 56% of the rated internal yield strength of the J-55 casing.

7-8



The total weight of the long gfring casing was approximately 86,500 lbs, approximately 15% of the
442 000 Tbs joint yield strength, The maximum externa pressure fhat this casing would be
expeciad to be exposed o is the syll column cement weight (15 ibigal) of approximately 2,250 psi at
tha casing shos. This value is approximately 50% of the rated cofiapse resigtance for this N-80

casing. The maximum anticipated operating pressure for the annulus is 3,000 psi, approximately
48% of the rated internal visld strength for the N-80 casing.

The total weight of the 4 -inch injection siring Is approximately 33,500 ibs, approximately 15% of
the 223 000 Ibs joint yield strength. The maximum external pressure that this casing 18 expected {0
be exposed fo is the maximum anticipated operaiing pressure ior the annuius system of 3,000 psi
which is approximately 47% of the rated collapse resistance for this casing. The maximum internal
pressure that this casing is expecied o he exposed {o is the maximum permittad wellhead pressure
(WHP) of 825 psig (BHP = 2 131 psig) which is approximately o8% of the rated internal yield
strength for this N-80 casing.

WDW No. 1, WDW No. 2, WOW No. 3

The technical specifications Tor the casing sirings employed in WDW No. 1 and WDW No. 2 are
summarized in the table beiow. The maximum stiesses expecied for these cesing strings versus
the design ratings ars summarized in Table 7-2. The 10-3/4-inch and 7-inch casing strings in WDW
No. 3 are also described in the iable bslow. Stresses and design ratings for e liner and the
injection tubing that were instalied in Well No. 3 in January 2010 are provided in Table 7-2. These
tabies illustrate thai the casing strings in the INEQS injection wefls are conservatively overrated
with respect to the maximum burst and collapse pressures at the maximum fensile siress which
may be experienced during tha construction, operation, and closure of the well(s).

10% H-40 N 10.182 10.036 11.750 B0 1,820
7 J-55 200 6 .455 8.331% 7.856 2,270 3,740 316 234
4% N80 118 4000 3,875 5.000 T 86,350 7,780 287 223

Standard Clags A cement with appropriate additives fo maximize the guality of the cement job wers
used in the various casing cement programs. INEOS experience with the waste strearmn indicaies
no reactions between the waste and the standard cement. The waste stream is a highly huffered
ammonium suffaie brine stream with a neutral to slightly acidic pH. Mo reactions are predicted
hetween the waste siream and the cements. This is confirmed by the latest INEOS MIT resulis that
demonstrate the absence of significant vertical flow at the well casing shoss in WDW No. 1, WDW
No. 2, and WDW No. 2 over 35 years of continuous operation in the current service,

The four INECS injection wells employ generat purpose packers to make an isolated annuius
between the long string sasing and the injection string, A three-piece packing element system s
sealed against the long string casing by a dual lock ring system in conjunction with opposing non-

transferring siips to maintain pesitive pack-off. The packer uset in Wali Nos. 1, 2and 4 s a Baker
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Miodal "A" "Retrieve-D" casing packer. This packer is sal with sither a wirefine setting ool or by
using a casing workstring, and can be released from the casing with a wireline refrieving ool
bremature release of the packer from the casing is prevenied by the laich retaingr which covers the
ende of the laich refainer fingers, locking them o the hody. The laich refriever is securad in
nosition by four hrags shear screws. The specific packer 1s & Baker 47C Wodal "A" Retrieva-D
sacker with & 4 t4inch LTC pin down. The tachnical specifications for this packer can be found in
Appendix 7-2 that includes pages from the Baker technical manual. Sections of 4 ¥-inch. LT&C
casing are run beneath the packer info the open hole interval o isolaie he section of the 7-inch
long siring casing beneath the packer from e turbulent injection fiow. The packer setfing details
are included in tabie below. The location of the packers in the four site injection wels were
reviewed and approved by Ohio EPA staff through the eview of well workover plans and reports.

2783 2765

WDW No. 1

WDW No. 2 _ 2813 2754 2782 2864
WDW No. 3 2843 2783 2805 2831
WOW o, 4 2885 2862 2862 2814

A seal zssembly is installed on the bottom of the 4 Y2-inch injection string. This consists of a Baker
wWode! 80-32 locator type seal zssembly, 316 stainiess steal with @ 3Y4-inch, B-round box pramium
ssal azsembiy, three Baker Model B0-32 szal units, 316 stainiess sresl, and & 5.7/8-inch by 5 foot
215 stainless steel production tube and % mule shoe guide. The packer materials are made from
216 stainless steel due 1© the high velocities and turbuience experienced by the flow through the
packel resirictions. The seal assembly rests in the polished seal bore of the packer, fully isolating
the annulus. This ssal assambly is free fo move in the poﬁshed seal bore fo accommodate thermal
expansion and contraction of the 4 Yednch injection string, minimizing tensile stresses on the
casing. Details of the packer and segl assemblies are contained on Drawings 7-5 through 7-8.
INEOS maintains & full spare packer and seal assembly at the manufacturer's shop which can he

received onsite rapidly if required during workovers of the injection wells.

In the January 2010 workover of WDW No. 3, a full-length 5 e-inch linel was instalied and
cemented. A new string of 3 14-inch injection tubing, internally coaied with TK-68, and new Baker
Model “FB-1" packer were installed. Details of the new casing, tubing, and packer are provided in
Tables 7-1 and 7-2, and shown on Drawing 7-1.

The maximum annuius pressure that the packer is expacted io see is 3.000 psig {1,500 psig
surface pressure plus 4 500 psig fiuid column pressure) which is approximatsly 36 percent of the
rated upper differential pressure capabiiity of these packers. The maximum iniernal pressure that
the packer is expected to expenence is 2,150 psig (reflecting the historical 844 psig maximum
surface pressure plus 1,306 psig fluid column pressure). This is approximatety 36 percent of the
rated lower differential pressure capability of these packers. The maximum temperature jimitations



of the packer element system is 300°F considerably higher than the maximum anticipaied

operating temperature of 150°F. A fluid seal is not used in any of the existing INECS Injaction
walis,

The INEOS contingency pian designed to cope with all shut-ins or well failures is included as
sppendix 7-3. In aadition, INECS maintains ceveral monitoring plans in accordance with the
requirermnents set forth in 3745-34-57. These are summarized balow.

Waste Analysis Plan
The most recently updated UIC Waste Analysis Plan applicable t© the injection wells is included a3
Appendix 7-4 and meets the requiremants of rules n745-34-57(A) through (F) of the Staie of Ohio

Administrative Code in addition to the permit requirements contained in Section D(3) of the INEOS
UIC Permit to Operate the Ciass | wells.

Corrosion Monitoring Plan .

The most recently updated UIC Corfosion Monitoring Plan is included as Appendix 7-5 and 15
submitted in accordance with rule 3745-34-57(G)H) of the State of Ohio Administrative Code. Tha
Onio EPA approved the current INEOS UIC Corrosion Monioring Plan in 2 letter dated March 17,

1895,

Mechanica!l integrity Demonstrations

Wiechanical integrity Testing is conducted in accordance with cule 3745-34-57(1) of the Ohic
Administrative Code. The results of the most recent mechanical integrity testing on WDW No. 1,
WDW No, 2, WDW No. 3, and WDW No. 4 are included in Appendix 7-8. These latest Mechanical
integrity Demonstrations have been reviewed and approved by the Ohio EPA

Groundwater Monitoring Plan
INEOS originalty submitted the groundwater monitoring plan on December g, 19883, in response o
comments received from the Ohio EPA, & revised plan was submitiad on May 2, 1994, The Ohio

EpA approved the current INEOS UIC Groundwaier Monitoring Plan in a letier dated March 17,
1985,

The most recent UIC Groundwaier Wionitoring Program status report is included in Appendix 7-7
and inciudes & description of the program being implemented.

injection Zone Ambient Ronitoring Program

The monitoring program pian at INEOS consists of annual ambient monitoring of the injeciion Zone.
The monitoring program plan is included as Appendix 7-7. The resulis of the most recent injection
»one ambient monitoring 1s included with reports of the most recent mechanical integrity iesting on
WDW No. 1, WDW No. 2, WDW No. 2, and WDW No. 4 shat are inciuded in Appendix 7-6. Thess
latest Mechanical integrity Demonstrations have been reviewed and approved by the Ohic EPA,
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seismic Monitoring Program

Seismic monioring at INEQS was initiated in 1938 in accordance with permit reguirements. The
salsmmic monioring program is describad in Appendix 7.8, The Ohio EPA approved the current
INEQS UIC Seismic Monitoring Plan in & letier dated March 17, 1885,

Auto Warning and Shutdown Plan

The most recently updated UIC Auto-Warning and Shuidown Pian is included as Appendix 7-3 and
is supritted in accordance with rule 3745.34-57(G)(H) of the State of Ohio Adminigirative Code.
The Ohio EPA approved the current INEOS UIC Auto-Warhing and Shutdown ©lan in & letier dated
Warch 17, 1885, The resulis of the most recent demonstrations of the automatic shutdown sysiems
are incluged in the reports of the most recent mechanical integrity tesiing on WDW No. 1, WDW
No. 2, WDW Ne, 3, and WDW No. 4 that are included in Appendix 7-5. These laiest Mechanical
Integrity Demonsirations have been ~eviewed and approved by the Ohio EPA.

WDW No. 4 was drilled during the period from March 1%, 1981 through October 4, 1991 as the
Lima Strafigraphic Test Welt, Exiensive festing of the well was conducted that included 2
comprehensive logging suite, obtaining over 2,250 # of 4-inch diameter core, drill stem testing, and
performing an inierferance test 1o establish hydrogeologic properties of the gross Mt Simon
injection interval.  Detalls on the casing program e provided in Table 7-1 and wsll rnaterial
specifications are described in this chapier.
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el Design and

Table 7-1

~onstruction of the INEQS injection Welis

Open Hole Interval
Adier Plug Back”

Surface Casing:

Hole Diameater
Size and Grade

Camani

intermediate Casing
Hote Diameter
Size and Grade

Cement

2830 % - 3133 f

f2Vein.
10%-in. 0.0,

a2 75 Io/ft, H-40, 8rd, B3,

STRC @432 1

50 sks Surface Pozmix,

Z% Caciz,
12.5 ibfsk Gisonie

76 ske Class A, 2% CaClh
10 ske Cless A, 3% CaCl
pusmped from surface down
norehole, filed to surface

No intstmediate casing

N

2813 - 3140 1

13%e-in.
T0-in. 0.0,
32 75 ik, H-40, 8rd @ 504 fi

400 sks Class A
4%, gal, 5% Call
12, Giisonite per sack cerment
Cemenied to susiace
Ciroulated 58 bbis of siurry
to surface

No intermedials casing

INFA

2810 ft - 31401t

13_‘{1&
10%-in. 0.0,
3075 Ibfk, H-40, 81d @ 505 ft

235 sis Surface Pozmix and
2%, Call with 10 ts/ek Gilsonite
tement circulated to surface

No intermegiate casing

WA

INEOS WDW INEOS WOV INEOS WDW INECS WDW )
Mo, 4 Mg, 2 Na, 3 N
o, &

Elevation 872§ B84 ft 856 it &72 f
Total Depth 31334 3172 # 365 #t 3408 f
Type Completion Open Hole Open Hole Open Hole Open Hole
Top injection Zone
(Top Eau Claire 2430 f 2448 & 2422 fit 2430 f
Formation)

- Top ML Skmon 28101 2800 2803 ft 2B13 1
Sangsione
Top Injection 2783 /2830 f* 2813 ft 2810 & 2885 i
intarval®

2BBS ft - 3140 1t

20in.
16-m. 0.0,
a5 bt @ 713 ft

Cemanted to surface
with
580 sks Class A
plus 3% CaCl; plus
1 14-¥oisk Flooele,
Circuiaiad fo surface
with
35% excess.

14%4n,
10%-in. O.D., 40.5 it
and 51 Ibfit @ 2651 &

Cemented in wo
stages,
1gt stage 415 ske
cement, (B%
icrobond
2% CaCly
0.5% Halad-344
1% In/sks Flocele
0.1% FWCA)
Circuiated to surfacs
with 12% eXcess.
ond stage 905 sks
STD cement
Circutaiad to surface
with 15% excess.

Pratection Casing:
Hole Diamaier
Size and Grade

gin.

7.n O.D., 20 I/, J-55, R-2,

STRC @ 2783 f

gin.
7-in 0.D., 20 b, JEBh, R-2
@ 2813 ft

gin.
74n ©.D., 20 fofft, J-55, R-2
@ 2810 R

oYz in,
74 ©.0., 23 bl N-
80, R-3 @ 2885



TABLE 71 (Continued)

Two Sisges

Two Stagses

Two Stages

“Two Stages

Carmnant
ist Stage 300 sks Pozmix and 250 sks Haliiburien Light 750 ghs Light with 795 gks Class A with
100 sks Type hi with 18% CaCls, 100 sks 18% CaCly, 5% Wiicrobond, 2%
Set for 12 hrs Type it with 18% CaCl 100 sks Type 1l plus Calla,
and 1%:% CFR-Z. 18% CaCl with 1%% 0.5% Halad-344,
Circulated 35 bbs o CFR-Z. 0.4% FWCA, Y Iblsk
surface. Fiooele. |
Circutated to surface with
40% excess.
znd Stage Sat at 1,305 fi using 200 sks Railiburton Light 250 sks Light plus 475 sks 50% Class A/
450 sks Pozmix, 18% CaCls pius 50 ske 18% CaCl; plus 50% Pozmix .
Curoutated cerment 10 Haliburion Light, 18% 50 sks Light plus 18% 89, Wicrobond, 2% Cally
surace. Calls, CaCl: 0 75% CFR-2, 0.5% D-
10 Iblsk Gilsonite, with 10 Ibisk Gilsonite. Air 1
Circutated 18 bbis to Cament circulated 0 2% He-2,
surface. surface. Circulated 10 surace with
8.5% excess,
Liner gin. 0.0, 18 /L R-3 NiA 5% in. O.D,, 185 Ibfit, A
flush J-55 R-3 @ 2813 8
joint carbon stesl linel @
2820 %
I ) . ' X . .

Tubing £3in., 11.80 bt n-80 Avin,, 11.50 IbfH, N-80 edn., 8.3 1bfL, J-55 £vinin,, 11.60 b/, N-80
internally Coaied internally Coated Intemnally Coated internally Coated
withTR-15 TEpoxy withTH-15 Epoxy with TK-89 Epoxy with TK-15 Epoxy

Coating Coating Coating Coating

@ 2B10H @ 2792 ® @ 2783 ft @ 2862 ft

Backer Baker Modet "A" Retrieva Baker Model "A" Baker Model "FB-1 Bake: Modsl "A" Relrieva
b ) with seal focaior Ratrieva D with seal packer with seal locator D with seal jotator
zssembly jocator assembly assembly assembly
Top @ 2757 Top @ 2740 ft Top @ 2793 1 Top @ 2852 &

Botiom of Tail Fipe 2840 fi 2828 1t z831 2000 1

inhibited Nal! bring with

Inhibited NaCl bring with

inhibited NaCl brine with
i adjusted 10 10

pH adjusted 10 10 pH adjusted to 10

inhibitied NaCl brins with

Annulus
pH adjusted 10 10




TABLE 7-1 (Continued)

Bata for All Wefls
injection Pregsure.

Average/Maximum 750/825 psig
Injection Zone LEhology Sandstone, Sitstans, Dolomite
Confimning Zone Liihology Shale and Dolomite
Formation Fiuid

ot 88-7.3

Specific Gravity 1.075

Tempsrature PE°F
injectate

pH 45-80
Specific Gravity 1.015-1.08
Temperature o0° - 105°F
volume {gpm)
Avsrageiielt 140
Maxdimumiivel 240
instantaneous Maxdimum 560
(par site}

Rl Stevations are provided with respact to K.

* Tap of the injection interval is equivaient io the casing shoe of the protection casing.

¢ Proposet casing setting depth afier workover on WDW No. 1.

S WDV No. 2, WDW No. 3, and VWDW No. 4 will be plugged from total depth with cement.

= N/A = not applicable.
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INEOS USA LLC
Lima, Ohio
WDW #4

ATTACHMENT D

OPERATION AND MONITORING REQUIREMENTS
INJECTION WELL MONITORING SYSTEM
WASTES PERMITTED TO BE DISPOSED IN INEOS
USA LLC CLASS I INJECTION WELLS

x| —



INECS USA LLC
Lima, Ohio
WDW #4

ATTACHMENT D

|. Operation and Reporting Reguirements



OPERATING, MONITORING AND REPORTING REQUIREMENTS

WDW #4
MINIMUM BAININIUM
MONITORING REPORTING
CHARACTERISTIC LIMITATION REQUIREMENTS
REQUIREMENTS
Maximum Mipnimum Freguency Freguency
“Maximum Allowable 843 psig continuous
injection Pressure
Not to be exceeded
*Bottomhole Pressure (may 2110 psig
Annulus Pressure 50 psig higher than confinuous monthly
injection pressure
throughout entire
) tubing

Fiow Rate (combined wastestream) continuous monthly
Flow Rate (Fort Amanda wastestream) continuous monthly
*Elow Volume (combined wastestream) continuous monthly
Flow Volume (Fort Amanda wasiestream) continuous monthly
Temperature continuous monthly
Sight Glass Level daily monthiy

Corresponding Annulus Pressure daily monthly

Corresponding Wasie Temperatures daily monthiy

Corresponding Injection Pressure daily monthly

. Corresponding Flow Rate daily monthly

Cumulative Volume (combined wastestream) daily monthly
Cumulative Volume (Fort Amanda wastestream) daily monthly
Spec'iﬁc Gravity every 4 hours monthly
pH (combined wastestream) weekly monthly
pH (Fort Amanda wastestream) weekly monthly
»+Shemical Composition of combined wastesiream quarterty rmonthly

=+r\IEK concentration in Fort Amanda wastesiream guarterly monthly



*Injection Pressure. MASIP = 2813 x[0.75 - (0.433 X 1.04)] where:
0.75 = applied fracture gradient in psi/ft
1.04 = fluid specific gravity (maximum}
2843 = depth to the top of the injection interval in
feet :

The maximum allowable bottom-hole pressure (BHP max) shall
he calculated using the following formula:

SHE e = (0.75) (2813)

*Clow Volume: The combined monthly injection volume for the site must not
exceed 24 million galions.

=+ Chamical Composition: Chemical analysis shall be conducted for parameiers
which characterize the wastewater and in accordance
with the Sampling and Waste Analysis Plan after it is
approved by the Director. Attach quarterly analysis
onto monthly report each month.

R EK: Quarterly sampling of the Fort Amanda wastestream shall be
conducted in accordance with the Waste Analysis Plan.



INEOS USA LLC
tima, Ohio
WDW #4

ATTACHMENT D

Il Injection Well Monitoring Sysiem
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INEOS USALLC
Lima, Ohio
WDW #4

ATTACHMENT D

i1l Wastes Permitted to be Disposed in INEOS
USA LLC Class | Injection Welis
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Table 2B-1
Wasie Streams 1o be Managed in the Undereround Injection System

Botiom streamn from the wastewater stripper in the production of acrylonitrile (K011}
Bottom stream from the recovery column in the production of acrylonitrile (KO13);
Batch Still Bottors from the production of acetonitrile (K014}
Kill Kettle purmp out from the production of acetonitrile;
Botoms from the brine stripper from the production of acetoniirite;
Botioms from acetonitrile drying colurnn from the production of acetonitile;
Condensed overbead streams from fhe production of acetonitrile;
Crude-Offspec acetonitrile streams;
Characteristically corrosive wastewaters (DOG2),
Wastewater from the catalyst manufacturing unit;
Regeneration wash water from the resin treatment of poduct acrylonitrile;
Stormwater pond overflow;
Caustic or acid from equipment cleaning,
fspec products from the manufacture of acrylonitrile (U005/P0E3Y,
Unsaleable co-product acetoniirile from the manufacture of acetonitrile {UJ003Y,
Contaminated groundwater and multi-source jeachats (FO39Y,
Ammonia blowdown;
Scrubber water;
Siopwater from the acrylonitrile process area;
Contaminated Stormwater from the process ares,
Pump seal water from the acrylonitrile process area,
Water from the Joading / unjoading area SUmRp;
Contaminated groundwater,
Contaminated water from site remediation activities,
Equipment washwaier,
Laboratory chemicals;
Wastewaters generated during maintenance activities in the nitriles arez;

Wastewater from the manufacture of cyanide derivaives at Fort Amanda Spacialties inctuding

washwaters, SlOpwaiers, lab chemicals, etc.
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Lorcisin

LIt micobot

Cyanide Salts

Siydrogen: Gyanide

Aceions Cyanonyant.

Potassinm cyanide
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Sedium cyanide

Yanadinm Pentoids

Austaidebvds
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heryiamide

Aerylic ashd
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Bonzens

Chlorpform:
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Table 2B-3 -
Typical gnd Morimem Concentrations of ¢he Maoin Contaminanis of the Comingled
Iniectate to be Managed in the Underground Iniection Svstemn

- Acetamide £0-35-5 2,500 100
- Acetaldehyde 75-07-0 500 100
- Acetic Acid 64-16-7 1,500 800
. Acetone §7-64-1 500 175
- Acetone Cyanonydrin 75-86-5 1,500 <10
© hcetonitrile 75-05-8 25,000 1,600
- Acrolen 107-02-8 500 ' <25 :
- Acrylamide _ 79-06-1 1,500 600
- Acrylic Ackd 79-10-7 13,000 4000 T_
| Acrylonitile 107-13-1 6,000 500 i
- Allyl Adcohot 107-18-6 500 <10
- Benzent 71-43-2 100 <5.0
. Crotonaldehyde 41770-30-3 5 <10
- Crotonitrile (Altyl Cyanide) 10%-75-1 250 .50
- Formic Acid' 6d-18-6 5,000" 725
- Formaldehyde 56-00-0 1,000 40
Formarnide 75-12-7 250 100
- Bymaronitrile 17656-09-6 1,000 300
L HICH (Free) §7-56-1 800 365
HCH (Total} 74-90-8 } 5,300 550
' Isopropy! Alcohol £7-63-0 300 <25
' ialeonitrile 928-53-0 5,000 300
Iethanol £7-56-1 10,000 £0
" Methyacrylonitrile 126-98-7 : 100 2.0
. Methylethyl Ketons 78-¢3-3 250 <25
. Methy! Pyriding _ 108-99-6 250 50
' palononitrile 105-77-3 300 <100
| Wicotinonitrile (3-Cyanopyridine) 100-54-9 1,560 500
- Propienitrile 107-12-0 300 110
. Pyrazole 288-13-1 1,000 300
- Pyridine }10-86-1 500 110
. Sodium Cyanide 143-33-9 300 <25 :
| Succinonitrile 110-61-2 1,300 250 |
’ ypilmony 7440-36-0 25 1.0
. Arsenic 7440-38-2 25 0.05
Barium 744(-39-3 25 <0z
- Cadmium 7440-43-9 25 NA
. Chromium 7440-47-3 25 0.22
- Cobalt 7440-48-4 25 0.5
Lead - T439-92-1 25 <1.0
- Mickel 7440-02-0 25 1.0
. Mercury 7439-97-6 25 <} .0
. Strontium F440-24-5 25 1.0
- Selenium 7782-458-2 25 <0
. Vanadium 7440-62-2 25 <10
| Silver 7640-22-4 25 <10
| Zine T440-66-61 100 0.05
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Vanadmm PCmOMdP

| EDTH (or acid)

- PDTHN (or acid}

| Bthyl Acetate
. Oleic Acid
Ole:oy}safcopsmmf—

LL‘ylET\BViB‘[Un"]DCﬂta.B"EUC ac
? 4 Butanediol [10 ~4 -

F 1,3-Buganediol | 67 -EE -0

| 3-Propanediol $ 0% k" @

| 1,2-Propanediol §7-SF v
- Butvrolactone 1%~ "’é -0
| it

Tetrahydrofuran -1 %~

' Tihano! ~ L4 - r?-«;/

- Propanol 1V 'Lf Ch

- Butanol 1L -

' Butanetriol 7L

| Succinic Acid - Ho-5 -G

1314-62-1

- Glycolonitrile 137-16-4
 Witrilotriacetonitrile (or acid) 7527-60-8
- Hexa amethylenetetramine (or acid) 100-97-0
L IDAN {or acid) £28-87-5
| DMH 7I-Ti-4
. MEH 5394-36-3

5766-67-6
1103574549
141-78-5
112-80-1

id §5659-62-8
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8.0

ARTIFICIAL PENETRATIONS

INEOS has elecied to research all arificial penetrations within & nominal radius of 10 mites, This
cadius extends well beyond the furthest extents of both the 10,000-year projection of lateral plume
migration and the Cone of influsnce (Section E.0). inthe preparation of this section, the main

source of information regarding a1l oil and gas wells in Ohic was 2 compuier database compiled by

the Ohio Depariment of Natural Resources, Division of Mineral Resources Management (ODNR
DMRM). Staff of this agency provided a subset of this datahase that lisied wells within a 15-mile
radius, This larger radius wes selected bacause location information for some wells is fimited fo
lisfing the township. Townships are generally B-mile-by-6-mile squares. Thus 2 15-mile radius was
considered adequate o encompass the “nominal” 10-mile radius cited above. Welis in the ODNR
OMRIV database within 10 miles at the INEOS site are fisted in Appendix 6-1. Wells for which Ohio
Sigte Plane coordinates are isted in the ODNR DWMRM database are plotted on Drawing 6-1.
Permit numbers on Drawing 6-1 are listed in Appendix 8-

Table 6-1, the list of wells deeper than 1800 feet (sub-1800 oot wells) was updated 1© April 2010
Wall records are provided in Appandix 6-2. Welibore schematics for the sub-1800 foot wells are
provided as Figures &-1 through 6-9. No wells penetrated 1800 seet since the last records szarch
(1998). in addition, map PG-2 (Revised §/2004), which plots wells drilied below the Knox Dolomiie
published by the ODNR, DGS, wes uiilized (Figure 6-10}. B

As shown in Tabie 6-1 and on Figure 8-10, the only welis within the 10-mile AOR fhat have
recorded depths below the base of the Knox Dolomite are the INEOS injection wells andg the
Wubbard, D-1, Permit No. BOGES in Tabie 8-1.

in the records search performed for the 1991 No Migration Petition, two wells were found permitted
25 D-1 and D-2, which raporiedly had total depths of 2630 feet and 1851 feet, respectively (Tabie &~
1). Records for {hese welis are considered o be sufficiently incomplete, that further research was
warranied. The staie of records and other information is discussed balow!

s The permit numbers for these wells do not fit the normal ODNR numbering sequence,
suggesting that heir status s existing wells is provisional.

o The D-1 well (2630 feet) does not appear on the pG-2 Map (Figure 8-10) of sub-Knox
Dolomite welis.

e In an atternpt to verify that ihe welis parmitied as D-1 and D-2 ware ever drilled, & field
invesfigation was made on August 14, 1981, The D-1 well, iogged by Hubbard, is located
in Section 18, Auglaize Township, Allen County, and approximately 8 miles southeast of
the plant's injection wells, There is no evidence of this well jocation anywhere on fhe
farm based on interviews, and the present resident of 40 years does not recall such a
wel. The tract of land has maen in his family for many years and there is no knowledge
of 5 well ever having baen dritled on this property.
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o A fisld reconnaissance was also made of the well permitted as D-2 (the J.W. Sellers No.
& well}, The record of this well is very limited with no location indicated on ihe card
record, Maps of the Ohio Historical Society were reviewed and it was getermined that
tha jocation of the No. 5 well agreed with the current (s of 1881) Shawnse township
map. For investigative purposes, the No. 6 wall location was assumad to be correct on
the current map as of 1901 Agsuming this ne correct, the Sé%iers No. & well location is
approximately 2.6 miles south of the plant in 2 small jot subdivision. There s no
evidence of & well having been drilled on these properiies from the fieid reconnaissance
trip.

Based on the exisiing records, D-2, with 2 total depth of 1051 fest, does not peneiraie the confining
sone. The total depth of D-1, 2630 fest, is close 0 the 10p of the injection interval. However, the
jocation of this well, approximately 8 miles east-southeast of INEQS, is ouiside the cone of
influenca, and conseguently outside the area of review as narrowly defined by conser\fati\re non-
engangerment criteria. 1 should be noted that the 40-mile radius wes an arbitrary and over-
conservaiive choice for the ares of investigation of artificial penetrafions.

It should be noted that many of the wells spofied on the maps on-file with the staie, and listed in the
ODNR DMRM database, do not have total depths zssigned o them. This is bacause many wells
were drilled in the late 1800 and early 1800's before sccurate records ware kept. As discussed in
the following section, ihe oil productive interval in the AOR s the Trenion Limestone ' at
approximatety 1260 fest. As the Trenton Limesione was the obiective of the sarly welis that lack
recorde, it s extremely doubtful that any early well penetrated the sub-Knox Dolomite formations
{injection zone} as there was no sub-Trenion production then and there has never been sub-
Trenion production esiablishad in the area of the AOR,

in conclusion, it has been determined tirough an update of oil and gas records, incorporation of the
ODNR DGS Map PG-2, and field reconnaissance that weils documentad o have penetrated the
injection zone within the cone of influence of the INEOS injection wells do not pose issues Tor
correntive action. if wall D-1 exists, this wellbore will not experience pressurization sufficient to drive
vertical migrafion because it is located outside of the cone of influence.

Corrective Action Pian

As indicated above, no corrective acfion is required for wells within the AOR.

Water Well Search

water wel locations are piotted on Drawings 6-2, 6-3, and 8-4. Topographic maps (USGS guad
sheets) with water well locations through 1966 were copied at the ODNR, Division of Watet and
uiflized for Drawing 6-2. Revised locations of weils drilled to September 2004 were dgownloaded
from the ODNR, Division of Water database and piotied on the topo map base and shown on
Drawing 6-3. Locations of wells driled from Sepiember 2004 through mid-April 2010 were
downioaded from the Division of Water database and were plotted on Drawing £-4. Monitoring well
iocations at the INECS faciiity are also provided on Drawing 2-1.
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Mines, Karst Areas, Finod Areas and Other Features

Several quarries and gravel pits are present within the AOR (Drawings &-2 and 8-3). According o
tha Ohic Mineral Industries Report, 2002, these extract sand, gravel, limesiong and delomite for
varlous industrial purposes.  These wili not be affected by injection operations. No cozl mining
oecurs in westarn Ohio and mings are not present in the ADOR.

The area of the AOR is covered by Plaistocene glacial deposits which overlie Silurian limesione
and dolomite. The map of Ohio Karst Areas (Figure 8-11) does not include karsting in the AOR.

The Twin Lake, Lost Creek, WMeizger, Lima and teerguson Reservoirs are present to the noriheast of
the INEQS facility (Drawings 8-2'and 5-3),

Appendix 8-3 is 8 100-year floodplain map that demonstrates that the INEOS faciiity is not located
in an area subject to fiooding hazard.

Hydrosarbon storage Caverns are located adjacent to the INEOS facility, to the southeast. None of

these i greater ihan 1800 feet deep. Information regarding these wells is included as Appendix 5-
4,

ol antg Gas Resources Within the AOR

The Trenton Limesione at approvimatety 1250 taet iz productive of of and gas within the 10 mile
AQR (Drawing 8-1}. Trenton Limestone production is part of the giant Lima-indiana Trand, which
includes 80 actual individual fizide, and exiends for 185 miles from Toledo, Ohio southwestward 1o
indiznapolis, indiana (Figure .12 Wickstrom, et al, 1982).

The Lima-indiana Trend was extensively drilied in the late 1800's 1o early 1900's with peak
production in 1895 (Figurz 8-13). BY 1910, the fields weftt largely depleted (Wickstrom, et al,
1982). |

No formations below the Jrenton Limesione are productive of oil and gas within the AOR. No
commercial oil and gas production has been setablishad from any sub-Knox Dolomite formations
Ohio {(Harrs and Saranoski, 1998}, Thersfore, there has been no commercial oil and gas
production from the confining or injection zones.
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ATTACHMENT F

QUALITY ASSURANCE ACKNOWLEDGMENT

i hereby affirm that all chemical data submitted Tor Injection Well Permit No.

is of known guality and was obtained from samples using methods prescribed in the

Ohio EPA Quaiity Assurance Plan and the “Waste Analysis Plan”, developed as

required by OAC Rule 3745-34-57. | also acknowiedge the right of Ohio EPA fo inspect
the sampling protocols, calibration records, analytical records or methods, and relevant
quality assurance and quality control information for the monitoring operations required

by this permit or Chapter 3745-34 of the OAC.

Date Authorized Agent Signature

ki

03-02-003-PTO-
03-02-004-PTO-|
03-02-005-PTO-I
03-02-006-PTO-I For

Name of Company
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ATTACHMENT G

CERTIFICATION PURSUANT TO OAC RULE 3745-34-58 {E)



3.0 WASTESTREAN JUSTIFICATION

Section No. 89(E)
(C} The owner or operator will provide a certification that stafes:

(1) The generator of the hazardous waste has a program to reduce the volume or
guantity and toxicity of such waste fo the degree determined by the generafor o be
economically practicable; and

(2) Injection of the waste is that practicable method of disposal currently available to the
generator which minimizes the present and future threal to hurman health and
environment.

SUTNTIERY

Alternative handiing and disposal options for process wastewater fromn the production of
acrylonitrile have been extensively studied by INEOS. Options to reduce wastes
generated by the process (waste minimization) have heen evaluated as well as options
tor slimination of deepwell disposal that rely on above ground treatment and disposal
techniques. The results of this investigation show that while alternatives to deepwell
injection may exist, these alternatives are less protective of human health and the
snvironment and are not readily capable of bsing put into practice due o technical
limitations, Furthermore, wasie minimization was found to be the best approach, as
currently practiced at the Lima Chemical plant, when practiced in conjunction with
gespwell injection. Since approximately 2.5 pounds of water is generated for sach
pound of acrytonitrile oroduced, water wil aiways nesd fo be dgisposed of from ths
process even with sfficient waste minimizafion.

The viable surface freatment options for elimination of deepwell injection involve
incineration of the entire wastewater siream of incinaration of polymers formed in the
production of acrylonitrile afier separafion from the wastewater. In addition, all of the
ireatment options considered result in significant air emissions, surface water poliution
and generation of industrial sludge which must be either landfilied or incinerated, all of
which may result in exposures 10 the public. in comparison, deepwell injection does not
result in these environmental negatives and exposure of poliution to the public.
Therefore, it is concluded that despwsll injection of wastewater at the Lima Chemical
nlant is the practicabie method currently available which minimizes the present and
future threat to human health and the environment.

INEOS hereby reguests that this section be inserted in the permits to operate in
accordance with OAC Rule 3745-34-59(E).



Background

Al of the acrylonitrile manufactured in the United States is produced using the Sohio
ammoxidation method. This involves the reaction of air, ammonia and propylene in 2
fluidized hed catalyfic reactor. Wastewater is gensrated in the process due io the
sioichiometry of the reaction (approximately 2.5 pounds of water is made for each
pound of acrylonitriie) and the use of sulfuric acid in the quench step o remove BXcess
ammonia from reactor effluent gases. Currently all producers of acrylonitrile in the U.S.
use despwell injection for wastewater disposal because no practicable option exists and
all of the production sites are located where the local geology is well suited for
underground injection.

Since the Lima site first started operation of the acrylonitrile unit thirty years ago,
numerous alternatives for wastewaier handling and disposal have bzen evaluated.
Deepwell injection was first practiced in 1968 and sfiminated the environmental
amissions associated with the previous operafions, which was dischargs of dilute
process wastewater to the Ottawa River which created water quality problems, and the
incimeration of the contaminated process wastewater which resulted in fremendous NOX
and SOx smissions. Alternatives that ars technically available are full incineration of the
wastewater and use of process modifications fo vield biotraatable wafer for surface
discharge and incineration of the organic polymers. These will be described in the next
section along with the other handling and disposal aliernatives that have been studied
over the years and have been tound not to be technically available for impiementation.

Despwell Alternatives

INEOS had 2 research program that has evaluated and studied alternatives to deepwell
injection for disposal of acrylonitrile production wastewater. Information on alternatives
has been gathered over the years from & number of sources. These include contact
with other acrylonitrile producers, the National Technical Information Services (NTIS) of
the U.S. Department of Commerce, contact with universities and private research
soundations, eouipment vendors, and various internal searches of literature and
research databases. This has yielded a comprehensive fist of technologies that could
be applicable to treatment and disposal of acrylonitrile wastewater. The technologies
identifiad fall into the following categories:

o process changes which alter the nature and treatability of the wastes

¢ incinaration

o biological treatment methods

s physical/chemical treatment methods



e combinations of the above

The next step was to identify the technologies within these categories that are avaiiable

and demonstrated for fraafing acrylonitrile produc‘{ion' wastewater. This yielded the
following options: ' |

o liguid incineration with tall gas desuffurization
¢ process changes with surface treatment of the wasies - biological treatment

of water; incineration of organic polymers; and, separation of ammonium
sulfzte salt.

All of the other technologies identified were sonsidered not viable for various reasons,
such as not being demonstrated on acrylonitrile production wastewaters of treatment siil
required deepwell injection of residual wastewaiers. A brief descrintion of the remaining
two options which are considerad technically viable is given below:

Incineration

Incineration is a proven technology for treating a varisty of organic bearing wasies,
especially liquid or water-based wastes that flow fresly. However, when incinerating
acrylonitrile production wastewater, the sulfate salt content (4-5% ammonium sulfate)
and high nitrogen content require desulfurization of the incinerator tail gas and use of
iow-NOx technology to minimize SOx and NOX emissions. Although this fechnology
appsars available, there ars no operating units which have demonstraied the low-SOX
and NOx technology on acrylonitrile oroduction wastewater. Furthermore, since the
wastewater contains only 1% organics and 2 high sulfate level, a tremendous amount of
fuel will be needed to fully combust the wastewatsr ang the desuffurization step will
generaie fremendous guantities of sludge (sofid wasig), not to menfion the sizable
increase in total NOx emissions that would be generated..

The permitiing of an incineration option has been reviewed and it is anticipated that
obtaining a hazardous waste incineration permit wiil take more than seven years and
thousands of man-hours of time.  Clearly, the avaitability of this alternative to despwell

injection is h‘pgh!y guestionable given the current regutatory and political snvironmant in
the state.

Based on the above discussion, it is concluded that incineration or any alternative that
relies on incineration as a component of that skernative is not a viable or practicable
method avaiiable to eliminate despwell injection.



 Process Changes With Surface Treatment of Wastes

INEOS has identified process changes that could be made to the acryionitrile process
that would minimize and alter the waste sireams that are generated. These process
changes would accomplish three things - (1) concentration of the arganic polymers in
one stream for incinsration; (2) concentration of the ammonium sulfate salt in another
stream which could then be crystallized; and, (3) production of a wastewater stream with
limited organic concentration which couid be biologicaily treated for surface water
discharge. Although ali of these process changes have not been implemented at any
acrylonitrile plant, each of the various changes appear tachnically feasible and could be
practiced simultaneously for slimination of underground injection of acrylonitriie
wasiewater. '

The implementation of these process changes as an alternative to deepwell injection is
not considered a practicabie option at this time for three reasons. First, as discussed in
the last section, addition of new incineration capacity is required for this option and is
not a practicable method currently available. Second, the ammonium sulfate salt from
the process changes would have to be landfilied 25 hazardous waste since the salt is
derived from 2 hazardous wastewater. This approach would be a cross media transfer
since it meraly replaces underground injection of these salts with tandfilling which is not
considared as environmentally protective. Lastly, the "clean” wastewater that would be
biologically treated wouid have to be discharged 10 the Ottawa River which is a water
quality iimited stream. Introduction of a new discharge would be critically reviewed and
tha effluent from freatment would have to mest water guality standards, Treatment of
tis water to water guality standard is not proven technology and is not @ demonstrated
alternative.

In conclusion, the process changes that could be implemeanted to sliminafe underground
injaction of acrylonitrile production wastewater are not considered available practicable
approaches.

Eort Amanda Specialties Deepwell Alternatives

The Fort Amanda Specialties waste strsams are very simiiar to the acrylonitrile process
wastewater, l.e., they contain ammonia, sulfate, cyanide and nitriies. Due 1o their
similarity, the same alternatives for wasie handiing and disposal apply, as wel as
imnitations io implementation.



Conclusion

Sased on the discussion above, No practicable methods were identified thal are
available to eliminate underground injsction of acrylonitriie production wastewater from
the Lima Chemical plant. {NEOS hereby cerifies, as required by Ohio Adminisirative
Code (OAC) 3745-34-59(E}, that ne practicable aliematives 10 deepwell disposal exist
for the Lima Chemical plant. INEOS is commitied, however, fo coniinue invesiigating

options o deepwell injection and options that minimize the wastes generated from the
acrylonifrile process.

VWaste Minimization Certification

in accordance with requirement Part I1{H) of the above-referenced permits fo operaie
and Ohio Revised Code Section 6114045, INEOS has preparsd and forwarded io the
Ohic EPA the latest revision and update of the facility waste minimization plan in 2008.
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