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OHIO ENVIRONMENTAL PROTECTION AGENTNERED o

DIVISION OF DRINKING AND GROUND WATERS,

UNDERGROUND INJECTION CONTROL PERMIT TO OPERATE:
CLASS | HAZARDOUS WELL

Ohilo Permit No.: UIC 03-02-004-PT0O-
UsS EPA ID No.: OHD 042157844
Date of lssuancea: January 27, 2011
Effective Daie: January 27, 2011
Date of Expiration: January 27, 2016 .
Name of Applicant: INEOS USA LLC T
' Waste Disposal Well No. 2
Mailing Address: P.O. Box 628
Lima, Ohio 45802-0628
Facility Location: 1900 Fort Amanda Road
Lima, Ohio 45804
County: Alien Township: Shawnee
Section, Quarter Section: Section 11
Latitude/Longitude: 40°47'55"N/84°08'08"W
injection interval: Eau Claire and Mt. Simon from 2800 to 3210 feet (KB)
Containment Interval:  Eau Claire from 2418 to 2800 feet (KB)
injection Zone; Eau Claire, Mt. Simon, and Middle Run from 2418 to
3210 feet (KB)
Confining Zone: Knex from 2090 to 2418 fest (KB)

Pursuant to the Underground Injection Controi rules of the Ohio Environmental Protection
Agency codified at Chapter 3745-34 of the Ohio Administrative Code, the applicant
(Permittee) indicated above is hereby authorized fo operate a Class | injection well at the
above location. The compiex is divided into three operational groups on one contiguous
site. The Nitriles production operations are owned and operated by INEOS USA LLC
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(INECS). The Nitrogen production process is owned and operated by PCS Nitrogen Ohio
| P Fort Amanda Specialties LLC owns and operates an on-site facility that uses a by-
product from the Nifriles process as a feed stock for their chemical manufacturing
operations. The permittes is authorized to accept waste from the Nitriles production and
Fort Amanda groups, upon the express conditions that the permittee mest the restrictions
set forth herein.

Al refersnces to Chapter 3745-34 of the Ohio Administrative Code (OAC) are to all rules
that are in effect on the daie that this permit is effective. The following attachments are
incorporated into this permit: A, B, C, D, E F, andG.

This permit shall become effective on RN 7.1 il and shall remain in full force
and effect during the life of the permit, uniess 1) the statutory provisions of Section 3004
), (g) or {(m) of the Resource Conservation and Recovery Act ban or otherwise condition
#ha authorizations in this permit; 2) the Agency promuigates rules pursuant 1o 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
3745.34-23 and 3745-34-24. Nothing in this permit shall be construed o relieve the
permittee of any duties under applicabie state and federal law or regulations.

Thig permit and the authorization to inject shall expire at midnight, unless terminated, on

the date of expiration indicated.

Scott J. Nally, Director
Ohio Environmental Protection Agency
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B.

PART |

GENERAL PERMIT COMPLIANCE

EFFECT OF PERMIT

The permitiee is suthorized to engage in operation of underground injection in
accordance with the conditions of this permit. Notwithstanding any other provisions
of this permit, the permitiee authorized by this permit shall not consfruct, operate,
maintain, convert, plug, abandon, of conduct any other injection activity in a manner
that allows the movement of injection, annuius 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 purpeses of enforcement, with Sections
5111.043 and 6111.044 of the Ohio Revised Code (ORC). Such compliance does
not constitute a defense to any action brought under ORC Sections £109.31,
6109.32 or 6109.33 or any other common of statutory law other than ORC Sections
5141.043 and 6111.044. Issuance of this permit does not convey property rights of
any sott or any exclusive privilege; nor does it authorize any injury to persons or
property, any invasion of other private rights, or any infringement of State or locai
law.

This permit does not relieve owners and operators of hazardous waste injection
wells of their obligation to comply with any additiona! regulations or requirements
under the Resource Conservaiion and Recovery Act (RCRA) as amended of
Chapter 3734 of the Ohio Revised Code and rules promuligated thereunder. This
permit does not suthorize any above ground generating, handling, storage,
traatment 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. Miodification. Revocation, Reissuance and Termination. 7he Directormay,
tor cause or upon request from the permittee, 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 9745-34-25. The filing of a request for a
permit modification, revocation and reissuance, or fermination, or the
notification of planned changes, of anficipated noncompliance on the part of
the permitiee does not stay the applicability or enforceability of any permit
condition.
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2. Transfer of Permits.  This permit may be transferred {0 a New owner or
operator only if itis modified or revoked and relssued 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 invaiid, the
application of such provision fo any other circumstances and the remainder of this
permit shall not be affected thereby.

CONFIDENTIALITY

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 “confidential 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. Ifthe
documentation for the claim of confidentiality is not received, the Ohio EPA may
deny the claim without further inguiry. Cilaims of confidentiaiity for the following
information will be denied:

1. The name and address of the permittee; and
2. Information which deals with the existence, absence or level of
contaminants in receiving water.

DUTIES AND REQUIREMENTS

1. Duty to Comply.  The permittee shall comply with all applicable Ui
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 a 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 &
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5.

permit requirement is subject to injunctive relief, civil penalties, fines, and/or
other enforcement action under ORC Chapter 6111, 6109 or 3734, Any
person who knowingly or recklessly violates permit conditions may be subiect
to criminal prosecution.

Confinuation of Expiring Permils.

a. Duty to Reapply. if the permittee wishes 1o continue an activity
regulated by this permit after the expiration date of this permit, the
permittee must submita complete application for a new permit at least
180 days before this permit expires.

b. Bermit Extensions. The condition of an expired permit shall continue
in force in accordance with ORC Section 119.06 until the effective
date of a new permit, if:

i The permitiee has submitted a timely and complete application
for a new permit; and :
ii. The Director has not acted on said application.

c. Enforcement.  When the permittee is not in compliance with the
conditions of the expiring of expired permit the Director may.

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

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

iil. issue a new permit under ORC Section 6111.044 with
appropriate conditions; of

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

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

Duty to Mitigate. The permittee shall take all reasonable steps to minimize
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or correct any adverse impact on the environment resulting from
noncompliance with this permit. This may include accelerated or additional
monitoring or testing or both. f such is performed, the data collected shall
be submitted to Ohio EPA in a written report.

Proper_Operation_and Maintenance. The permittee shall at all times
propetly operate and maintain all faciliies 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 laboratory
and process controls, including appropriate quality assurance procecures.
This provision reguires the operation of back-up or auxiliary facilities or
similar systems only when necessary io achieve compliance with the
conditions of this permit.

Dutv fo Provide information. The permitiee shall furhish to the Direclor,
within a time specified, any information which the Director may request {0
determine whether cause exists for renewing, modifying, revoking and
reissuing, or terminating this permit. To determine compliance with this
permit, or {o issue a new permit the permittee also shall furnish to the
Director, upon request, copies of records required to be kept by this permit or
applicable state or federal law.

inspection_and Enfry. The permittee shall aliow the Direcior, or an
authorized representative, upon the presentation of credentials and other
documents as may be required by law to

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

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

monitoring and control equipment), practices, or operations regulated
or required 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.

Records,

a. The permittee shall retain copies of records of all monitoring
information, including ail calibration and maintenance records and all
original recordings for continuous monitoring instrumentation and
copies of all reporis required by this permit fora period of at least five
(5) years from the daie of the sample, measurement or report, or for
the duration of the permitted life of the well, whichever is longer. This

- period may be extended by reguest of the Director.

b. The permittee shall maintain copies of records of all data required to
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 application was
signed or for the duration of the permitted life of the well, whichever is
jonger. This period may be extended by request of the Director.

c. The permitiee shall retain copies of records concerning the nature
and composition of ali injected fluids pursuant to Part | (E) (10) of this
permit until three (3) years after the completion of welt closure which
has been carried out in accordance with the approved closure plan,
and consistent with OAC Rule 3745-34-61 {F) (5).

d. The permitiee shall continue 1o retain such copies of records after the
retention period specified by parag raphs (a) to (c) above, unless he or
she delivers the records to the Director of obtains written approvat
from the Director io discard the records. Records of monitoring
information shall include:

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

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

it A precise description of hoth sampling methodology and the
handling and custody of samples;

iv. The date(s) analyses or measurements were nerformed,

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 of methods used, and
vii. Al results of such analyses.
Monitoring.  Samples of injected fluids and measurements taken for the

purpose of monitoring shall be representative of the monitored activity.
Monitoring resuits shall be reported monthly in accordance with GAC Rule
3745-34-38 in a format acceptable 10 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 | of 40
CFR 136.3 or in Appendix lli 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 gquality
assurance for each type of measurement required for reporting by the
operator. Reference to established, published criteria shall be made
wherever possibie.

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 Regquirements.  All applications, reports or other information,

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

Reporting Reguirements,

a.

Planned Changes. The permittee shall give written nofice to the
Director, as soon as possible, of any planned physical alterations or
additions fo the permitted facility. Replacement of equipment that is
equivalent to existing equipment is not included in this reguirement.
Anticipated Noncompliance. The permittee shall give advance notice
to the Director of any planned changes in the permitted facility or
activity which may result in noncompliance with permit requirements.
Compliance Schedules. Reports of compliance or noncompliance
with, or any progress reports on, interim and final requirements
contained in any compliance schedule of this permit shall be

" submitied in writing no later than thirty (30) days following each

schedule date.

Twenty-four (24) Hour Reporting.

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

any contaminant may cause an endangerment fo 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.

il A written submission alsc shall be provided within five (5)
business days of the time the permittee becomes aware of
instances of noncompliance identified in paragraph 12 (d)()
sbove. The written submission shall contain a description of
the noncompliance and ifs Ccause; the period of
noncompliance, including exact dates and times, the
anticipated time it is expecied io 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 time moniforing
reports are submitied. The reports shall contain the information listec
in permit condition 12 (d) (i} above.

Other Information. When the permitiee becomes aware of failure 1o
submit any relevant facts in the permit application of that incorrect
information was submitted in a permit application or in any report {o
the Director, the permitiee shall submit such facts and corrected
information in writing within ten (10) days.

Monthly reports specified in OAC Rule 3745-34-38 shall be submitfed
by the fifteenth day of the following month. Quarterly reporis 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 to OAC Rule 3745~
24-17 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.

Ciosure Plan. A plan for closure of the well that includes assurance of

financial responsibility and information relating fo well closure has been
submitted and is included in Attachment A of this permit. This planis subject
to final approval by Ohio 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 applicable closure
requirements, in accordance with OAC Rule 3745-34-60. The obligation 1o
implement the Closure Plan survives the termination of this permit or the
cassation of iniection aciivifies.

Revision of Ciosure Plan. The permitiee shall submit any proposed
significant revision to the method of closure described in the Closure Plan for
approval by the Director no \ater than sixty (60) calendar days before closure,
unless a shorter period is approved by the Director.

Nofice of Intent to Close. The parmittee shalt 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 permittee who wishes to 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 submitied a plan to the Director, for approval, that the owner or
operator will follow 1o ensure that the well will not endanger USDWs
during the period of temporary disuse. These actions and procedures
shall include compliance with the technical requirements applicable to
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 o resuming operation of the well.

Closure Report.  The permitiee shall submit a closure report to the Director
within the time frame established in OAC Rule 3745-34-80 (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, &

written statement specifying the differences between Attachment A
and the actua! closure.

Standards for Well Closure.  Prior 10 closing the well, the permitiee shalt:
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a. 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. Tesiing methods may include:
i Pressure tests with liquid or gas;
ii. Radioactive tracer surveys;
iii. Noise, temperature, oxygen activation, pipe evaluation of
cement bond {ogs;

V. Any other test required by the Director.
c. Flush the well with a suitable buffer fluid.
7. Financial Responsibility for Closure. The owner or operator shall comply

with closure financial assurance requirements of OCAC Rules 3745-34-36 (D)
and 3745-34-62. The obligation fo maintain financial responsibility for

v

closure survives the termination of this permit or cessation of injection.
G. 50ST 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 to final
approval by Ohio EPA. The obligation to implement an approved post-
closure plan will be part of the Administrative Record for this permit and the
permitiee shall maintain and comply with this plan as if it were fully set forth
herein, The obligation to maintaim, 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 begar,
b. The anticipated pressure in the injection zone at the time of closure;
c. The predicted time until pressure in the injection zone decays 10 the

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

d. Predicted position of the waste front at closure;

e. The status of any corrective action for wells in the area of review,

f. The estimated cost of proposed post-closure care, and

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

2. 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 Pertiod. The permittee shall continue post-closure
maintenance and monitoring of any ground water monitoring wells required
under this permit until 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 closure
plan required in Part | (F) of this permit. The plat map shall indicate the
location of the well relative 1o permanently surveyed benchmarks. A copy of
the plat map shall be submitted to the Director.

Notification to State and Local Authority.  The permitiee shall provide
appropiiate notification and information to the Ohio Department of Natural
Resources - Division of Mineral Resources Management, the Allen County
Health Department, and any other State of local authority desighated by the
Director upon piugging 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 to the
Director at the end of the retention period.

Notice of Deed io Property. Upon plugging the well in accordance with the
approved closure plan reguired in Part | (F) of this permit, the permitiee must
record a notation on the deed 10 the facility property, or on some other
instrument which is normally examined during fitle 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.
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Financial Responsibility for Post-Closure Care. The permittee shall submit
a demonstration of financial responsibility for post-closure care, as reauired
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 Chepter 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 demonstration of
mechanical integrity, unless the Director or his or her authorized
representative waives this requirement before the fest occurs. in accordance
with OAC Rule 3745-34-56 (D), the owner of operator of a Class | hazardous
waste injection well shall maintain mechanical integrity of the injection well at
all times.

Periodic_Mechanical integrity Tesﬁnq [OAC Rule 3745-34-57]. The
permittee shall conduct the mechanical integrity testing as follows!

a. Long string casing, injection tubing and annular seal shali be tested by
means of an approved pressure test in accordance with OAC Rule
3745.34-57 (1) (1) at ieast 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 fested by means of an approved
radioactive tracer survey in accordance with OAC Rule 3745-34-57 (i)
(2) at least once every twalfth month beginning with the date of the
last approved demonstration;

c. An approved femperature, noise or other approved log shall be run in

~accordance with OAC Ruie 3745-34-57 (1) (3) at least once every 36
months from the date of the iast approved demonstration to test for
movement of fiuid along the bore hole. The Director may require such
tests whenever 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 (I} (4)
whenaver the owner or operator conducts a workover in which the
injection string is pulied, unless the Director waives this requirement
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due to weli construction or other factors which fimit the test's reliability,
or based upon the safisfaciory 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 10
balieve that the integrity of the long string casing of the well may be
adversely affected by naturally occurring of man-made events;

e. The permitiee may request the Director to use any ofher fest
approved by the Administrator of the U.S. EPAIN accordance with the
procedures in OAC Rules 3745-34-34 (D) and 3745-34-57 (1) (5).

Brior Notice and Report.  The permittee shall notify the Director of intent to
demonstrate mechanical integrity at least thirty (30) calendar days prior 10
such demonstration. For those tests required in Part I (H) (2) (b, ¢, and d)
above, the permittee shall submit the planned test procedures to the Director
for approval at the time of nofification. At the discretion of the Director &
shorier time period may be allowed. Reports of mechanical integrity
demonstrations which include well logs shall include an interpretation of
results by a knowledgeable log analyst. Such reports shall be submitfed in
accordance 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 to within one-half percent of full scale prior to each
required test of mechanical infegrity or, barring any damage to the gauge,
every six (6) months. A copy of the calibration certificate shall be submitied
1o 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.

Loss of Mechanical Integrity. if the permitiee or the Director finds that the
well fails to demonstrate mechanical integrity during a fest, of fails to
maintain mechanical integrity during operation, or that 2 joss of mechanical
integrity as defined by OAC Rule 3745-34-34 is indicated during operation,
the permitiee shall halt the operation immediately and follow the reporting
requirements as directed in Part 1 (E) (12) of this permit. The permittee shall
not resume operation unti mechanical integrity is demonstrated and the
Director gives approval to recommence injection.

Miechanical Intearity Testing on Reguest From Director.  The permittee shal
demonstrate mecharical integrity at any time upon written reguest from the
Director.
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f.

FINANCIAL RESPONSIBILITY

1.

Financial Responsibility.  The permittee shall comply with the closure and
post-closure financial responsibility requiremenis 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
5010 financial assurance mechanism is provided in Attachment A of this

permit.

a. The permitiee shall maintain written cost estimates, in current dollars,
sor the closure and post-closure plans as specified in OAC Chapier
3745.34, The closure and post-closure estimates shall equal the
maximum cost of closure and post-closure at any poinit 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 permittee must revise the closure and/or post-closure cost
estimate whenaver a change in the closure plan and/or post-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. ¥ the revised closure and post-closure estimates exceed the current
amount of the financial assurance mechanism, the permittee shall
submit a revised mechanism o cover the increased cost within thirty
(30) business days after the revision specified in permit condition | (1)
(b) and (c) above.

e. The permittee shail keep on file at the facility a copy of the latest
closure and post-closure cost estimate prepared in accordance with
OAC Rules 3745-34-09 (C) (8) and 3745-34-62 during the operating
fife 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 bankruptey of the trusiee of 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 10

-
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act as trustes; or

¢ The institution issuing the financial mechanism losing its authority 1o
issue such an instrument, the permittee must notify the Director, in
writing, within ten (10) business days.

The owner or operator must establish other financial assurance oF fiability
coverage acceptable 0 the Director, within sixty (60) days after such an
event.

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

CORRECTIVE ACTION

.

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 Resouice Conservation and Recovery Act. The permiitee
shall comply with applicable corrective action requirements for the permitted
well as reguired by the Resource Conservation and Recovery Act.

The permitiee shall annually submit required fees in accordance with OAC Rule
3745-34-63.
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PART H

WELL SPECIFIC CONDITIONS FOR UIC PERMITS

A CONSTRUCTION

1.

Siting [OAC_Rule 3745-34-51]. The injection well shall directly place
infectate only into the injection interval as defined on the cover page of this
permit. At no fime shall injection occur directly into any formation(s) above
the injection interval.

Casing and_Cementing JOAC Rules 3745-34-37 (B) and 3745-34-54].
Notwithstanding any other provisions of this permit, the permitiee shall
maintain casing and cement in the well in such 2 manner as to prevent the
movement of fluids into or between underground sources of drinking water.
The casing and cement used in the construction of the well are shown in
Attachment C of this permit. Noftification of any planned changes shall be
submitted by the permitiee for the approval of the Director hefore instaliation.

Tubing and Packer Specifications [OAC Rule 3745-34-54 (D)]. injection
shall take place only through approved tubing with an approved packer set
within the casing at the bottom of the long string casing at a point approved
by the Director immediately above or within the injection interval. Tubing and
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 permitiee for the approval of the Director
hefore instaliation.

Wellhead Specifications. A quarter-inch (1/4") female coupiing shall be
maintained on the wellhead, 1o 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. Eormation fracture pressure; and
o Physical and chemical characteristics of the formation.
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In accordance with OAC Rule 3745-34-57 (J), the permitiee ghall 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 svent. The
permitiee shall schedule pressure buildup testing such that one of the
permittee’s four Class Hinjection wells is tested each year and each well shall
be tested at least once every forty-eight (48) months. This shallinclude, ata
minimum, a shut down of the well for a time sufficient to conduct a valid
ohservation of fhe pressuré fall-off curve. A plan for such monitoring shall be
submitted for the Director's review and approval at least thirty (30) days prior
to initiating monitoring or testing. The results of this test shall be used to
calculate the following:

a. The transmissivity of the injection zone;

b. The formation Of feservoir pressure; and

C. The skin effect.

The results of this fest and the permitiee’s interpretation of the results shall
be submitted to the Ohic EPA N accordance with OAC Rule 3745-34-58 (B)
and Part 1 (E) (3) of this permit.

C. OPERATIONS

1.

iniection Interval.  Injection shall be limited to the Mt. Simon Sandstone in
the approximate subsurface interval between 2800 feet and 321 0 feet below
kelly bushing (KB) for INEOS Well No. 2.

iniection Pressure Limitation [OAC Rule 3745-34-38(A) and 3745-34-561.
injection pressure at the wellhead shall not exceed a maximum which shall
be calculated so as to assure that the pressure in the injection zone during
iniection does not initiate new fractures or propagate existing fractures inthe
injection zone. in no case shall injection pressure initiate fractures, oF
propagate existing fractures in the confining zone, or cause the movement of
injection or formation fluids into an underground source of drinking water.
Bottom hole pressure shall be limited so that a maximum of 2100 psi is never
exceeded, calculated with a fracture gradient of 0.75 psiffoot applied at &
depth of 2800 feet KB. The injection pressiure shall be limited so that a
maximum pressure of 839 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
made and recorded at least once every four (4) hours.

Injection Volume Limitation. The combined monthly injection voiume for all
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permitted Class | injection wells at this facility shall not exceed 24 million
galions.

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

Annulus Fluids and Pressure [OAC Rule 3745-34-56(C)].  Except during
workovers, the annulus befween the injection tubing and the jong siring
casing shall be filled with an inert, non-reactive fluid. The pressure on the
annulus shall be at least fifty (50) psig higher than injection pressure at all
times throughoui 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 fime allowance applies only to this permit
parameter and does not apply to any other permit parameter that is reguired
io be maintained continuously. All instances of deviation from the fifty psig
positive differential pressure are subject to reporting requirements listed in
Part I} (E) of this permit.

Automatic Warning and Shui-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 foltowing situations:

L. Injection pressure measured at the wellhead reaches 839 Dsig;

i, Bottomhole pressure reached 2100 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 a warning and shut-off system that

fuMill these requirements were submitied fo the Director and approved

on March 17, 1985
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b. The permiitee shall test the automatic warning and shut-off system at
least once every tweifth month from the date of the last approved
demonstration. This test must involve subjecting the system fo
simulated failure conditions and shall be withessed by the Director of
his 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 fo such a demonstration, At the
discretion of the Director a shorter time period may be allowed. The
permittee shall submit the planned automatic warning and shut-off
system test procedures to the Director for approval at the time of
notification.

C. if an automatic alarm or shutdown is triggered, the owner or operator
shall investigate immediately and identify as expeditiously as possible
ihe cause of the atarm or shutoff. if, upon such investigation, the well
appears o be lacking mechanical integrity, or if monitoring reguired
under OAC Rule 3745-34-56 (F) otherwise indicates that the well may
he lacking mechanical integrity, the owner or operator shall

i immediately cease injection of waste fluids unless authorized
by the Director to continue of resume injection; and

i Take all necessary steps 10 determine the presence O
absence of a isak; and

fi. Notify the Director within twenty-four (24} hours after an alarm

or shutdown, in accordance with Part | (E) (12) of this permit.

7. Sracautions to Prevent Well Blowouts.  The permittee shall, at all times,
maintain a pressure at the wellhead which will prevent the return of the
injection fluid to the su face. If 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 2 high specific gravity fluid during
workovers to mainiain a positive (downward) gradient and/or a plug shall be
instalied which can resist the pressure differential, A blowout preventer must
be kept in proper operational status during workovers,

D. MONITORING

1. Monitoring Requirements IOAC Rules 3745-34-38 (B) and 3745-34-57 (A) -
(F)]. Samples and measurements taken for the purpose of monitoring shall
be proteciive of human health, safety and the environment and
representative of the monitored activity. The permittee shall perform all
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 shall be the one described in Appendix |
and Wl of 40 CFR Part 261 or an equivaient method approved by the
Director.

injection Fluid Analysis JOAC Rules 3745-34-38 and 3745-34-57].

The combined wastesiream, comprised of boih INEQS and Fort Amanda
wastestreams, shall be analyzed no iess freguently than guarterly 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 amanating from the Fort Amanda facility shall be
measured weekly for pH. This measurement shalt be performed weekly in
conjunction with the weekly grab sample of the INEOS wastestream
collected for pH, specific gravity, TDS, TSS, acrylonitrile, and acetonitrile.

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

Metals Organics Qther

Ammonium sulfate Acefone Alkaiinity

Arsenic Acetonitrile Carbon Oxygen Demand (COD)
Barium Acrolein Conductivity

Calcium Acrylic Acid pH

Chioride Acrylonitrile Specific Gravity

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

Magnesium Nicotinonitrile

Nickel Bropionitrile

Sodium Pyridine

Strontium

Vanadium

Zinc

Results of the most recent analyses shall 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
i1 & manner protective of human health, safety and the environment and
shall produce results representative of the chemical composition of the waste
analysis stream. Ata minimum, the plan must specify:

a. The parameters for which each hazardous wasiesiream will be
analyzed and the rationale 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 wastesiream sampling location shall be at the sample tap in
the pump building. The location for weekly pH measurements of the Fort
Amanda wastestream shall be at the sample tap on the discharge of the
transfer pump from Fort Amanda to the permittee’s deep well system. The
permitiee shall identify the types of fests and methods used to generate the
monitoring data. The monitoring program shall conform fo the one described
in the approved Waste Analysis Plan. The permittee shall abide by the
Quality Assurance Form (Attachment F) of this permit. This form must be
completed and submitted to the Direcior within thirty (30) days of the
affective date of this permit.

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

Continuous Monitoring and Recording Devices [OAC Rule 3745-34-56 (F}].
Continuous monitoring and recording devices shall be maintained and
operated to monitor injection pressure, flow raie and volume of the combined
wasiestream, flow rate and volume of the Fort Amanda wasiestream, the
pressure in the annulus between the tubing and the Jong string of casing, and
the temperature of the combined wastesiream.

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

Monitoring Wells.  The permitiee submitted & ground water monitoring pian
for protection of the underground sources of drinking water. The latest
revision of this plan was approved by the Director on February 7, 1995, 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 mohitor continuously for
corrosion of the construction materials by 2 method approved by the Director
in accordance with OAC Rule 3745-34-57. The most current corrosion
monitoring plan submitted by the permitiee was approved by Ohio EPA on
January 26, 2005. The permittee shall report joss of mass, thickness,
cracking, pitting and other signs of corrosion at least quarterly in accordance
with Part Il (E)(2) of this permit.

Seismic Monitoring. ‘

a. Seismic Reflection Data.  The permitiee has completed a seismic
reflection data study to the Director's satisfaction. The purpose of this
study is to establish the presence or 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-evaluate the data obtained from the
existing study. If after re-svaluation of the existing data, the Director
determines the study fo be inadeguate fo determine the presence ot
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 o be necessary.

b. Seismic Monitoring System. The permitiee shall maintain the
existing on-site seismic monitoring system, unless an alternate
system is approved by the Director. i periodic downtime is
encountered as a resuit of component failure Of eguipment
maintenance, the permittee shall orovide the foliowing in the
subseguant monthly operating report: date(s), duration, cause of the
downtime, & schedule for repair activities and the anticipated date that
the monitoring system will be returned to service. Data coliected by
the system shall be submitted quarterly, 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 quarterly report. A complete analysis and
interpretation of the data shall be submitted within thirty (30) days
after completion of the quarter.




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

1.

Monthly Reports.  The permitiee shall submit monthly reports 1o the Director

containing all of the following information:

a.

b.

=

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

Daily and monthly average values for injection pressure, flow rate and
volume, annular pressure, and temperature of the combined
wastestream. Daily and monthly average flow raie 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 annulus
pressure. Daily and monthly maximum and minimum values for flow
rate of the Fort Amanda wastestréam.

The monthly combined average fiow rate for all operating welis.
These data shall appear ohce on the monthly report.

The results of continuous monitoring of injection pressure, annulus
pressure, flow rate and injectate temperature required in permit
condition Part Il (D) (4). These data shall be digitized and submitted
on a single graph using conirasting symbols or colors for annulus
pressure, injection pressure, flow rate and injectate temperature.
Total fluid volume of the combined wastesiream 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 rermoval from the
annuius system.

Annulus sight giass level readings noted daily at a specified time.
Eor each daily minimum and maxirmum injection rate reported, listthe
corresponding injection pressure and annulus pressure OCCUITing
during the time the weli was operating at that minimum and maximum
rate.

A listing of the durafion =nd cause of any non-operating period for the
well during the monih.

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 ihe combined and Fort Amanda
wastesireams.

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

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

ii. A description of any event which triggers an alarm or shutdown
device required in Part IH(C) (6) of this permit, accompanied 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, schedule for repair, and
anticipaied date that the monitoring system was or will be returned to
service.

Quarterly Repori [OAC Rule 3745.34-58]. The permittee shall report all of
the following each calendar quarter

a. Results of the continuous corrosion monitoring system and an

' interpretation of the results, as stiputated in Part 1 (D) of this permit,
within fifteen (15) days after the end of the guarter,

b. Results of ground wafer monitoring, and an interpretation of the
results, as specified in an approved ground water monitoring plan,
required in Part i (D)(5) of this permit, within fifteen (15) days after
the end of the guarter.

C. Results of waste analysis as stipulated in an approved waste analysis
plan required in Part i (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 1! (D) (7) (b), within thirty (30) days after the end of the
auarter.

Reports on Well Tests and Workovers.  Within thirty (30) calendar days
fter the activity the permittee shall submit to the Director the fieid results of
demonstrations of mechanical integrity, any well workover or results of other
tests required by the permit. A sormal written report and interpretation of
demonstrations of mechanical integrity (excluding annulus pressure fests),
any well workover, of results of other tests, except those reports thatinclude
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 reports
that include data and analysis of pressure buildup menitoring of the injection
zone shall be submitied to the Director within sixty (60} days after completion
of the activity.

The Permittee shall submit alt required reports 1o:
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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 permittee shall adhere to the reporting requirements specified in
Attachment D and Part i of this permit for reporting under permit condition
Part Hl {E) above.

CLASS | HAZARDOUS WASTE MANIFEST

Permittess 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 3745-34-59 (E)

The authorized representative of INEOS, as designated pursuant 10 OAC Rule
3745-34-17, has provided the certification required by Ruie 3745-34-53 (E) of the
OAC, provided in Attachment G of this permit. in addition, the Plant Manager at
Fort Arnanda Specialties has provided certification reguired by Rule 3745-34-59(E)
of the OAC, included in pstachment G of this permit.

WASTE MINIMIZATION

The permitiee shall comply with Section 5111.045 of the Ohio Revised Code
concerning the preparation, adoption and maintenance of a waste minimization and
treatment plan.  The permitiee developed a facility waste minimization and
treatment plan which was adopted on June 7, 1994, The plan shall be refained at
the facility and shall be made available for inspection. Every three years, on of
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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APPENDIX 10-1

CLOSURE PLAN

This closure plan is prepared pursuant io Rules 3745-34-09, 3745-34-38 and 3745-34-60 of the
Ohio Administrative Code and shall be kept at the facility at all times. INEOS will notify the
OEPA gt least 80 days befors planned closurs of the weh(s). INEOS will submit any proposed
significant revision to the method of closure reflected in the plan for approval by the Agency at
tnis time. Plugging and abandonment procedures involve the removal of the injection fubing
and plugging the entire fong string casing with cement for protection of the subsurface
environment and USDWs. Two cement plugs will be placed by the balance method and the
plugs shall be tagged and tested for seal and stabiiity. The open hole section will be filled with a
heavy bentonite mud. Two cement plugs are used to minimize fiuid column pressure on e
formation face during the plugging operation.

1. Notify the OEPA of the intention o close the well(s).

2. WMonitor pressure decay in the injection zone for a period of six months 1o determine if
injection activity has conformed with predicted values.

3 inform the OEPA of closure date 80 days before plugging and abandonment is 10

commence. Submit plan to plug with any updated changes and obtain permission 10
proceed o plug. '

4. Displace the tubing and wellbore with sufficient fresh water o flush waste out of the tbular
goods and near wellbora arsa {minimum of 3 injection tubing volumes). Remove all flow
ines, associated equipment and instrumentation from wellhsad and immediate area.

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

§ Place heavy well confrol fluid in one tank. Pump down tubing to il the well. Release

- packer and pump heavy fluid down the annulus to overbalance reservoir pressure. Install

blow out preventer. Pull tubing and packer, Decontaminate tubing to EPA standards and
prepare for final disposal.

7. Rig up wirelineg service unit and run appropriate logs io 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 Jog on the long string casing and pressure fest
the long string casing using a retrievable packer assembly and a water filled annulus. Rig
down wireline service unit. Evaluate any additional actions as indicated by the MIT tests

after review of these tests.with the OEPA.



10.

A1

12.

13.

4.

15.

APPENDIX 10-1 (Confinued)

Mix bentonite drilling mud in tank.

Run work string near the bottom of the well and displace mud down tubing, filling open hole
to within 100 fest of the bottom of the casing. The required volume of the bentonite plug is
fisted in Table 10-A.

Set cement retainer approximately 100 feat above casing shoe.

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

Halliburton premium grade cement. The reguired volume of sement plug #1 is listed in
Table 10A-1.

Tag cement and displace fluid from fop of cement plug #1 to surface with cement (cement
plug #2). The cement will be premium grade. The required volume of cement phug #2 is
jisted in Table 10-A.

Remove BOP and welihead equipment. Cut casing off at surface and complete cementing
of surface. Release rig and equipment.

Weld a steel piate on top of the casing. Inscribe on the plate, in & permanent manner, the
fotlowing information: (1) operator name; (2) closure date: and (3) UIC parmit number. The
surface area concrete pad around the wellhaad will remain in place.

Prepare closure report and fina! well status drawing and file with OEPA within 80 days. File
a plugging affidavit with the Ohio Geological Survey, Division of Oil and Gas and with the
OEPA, Division of Groundwater. In accordance with Ohic Administrative Code (OAC) Rule '
3745-34-36D(2)(a) and OAC Ruie 2745-66-15, INEOS will submii by registered mail fo the
Director of the OEPA, within 60 days of the final plugging of the injection well, a ceriification
that the closure has been conducied in accordance with the specifications in the approved
Closure Plan.  The certification will be signed by the ownel and by an independent,
gualified, registered professional engineer.



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

Post-Shutdown Pressure MOGeing ... $21.874
PrEPare LOGBHON . o...weoms st o 7,325
Rig, Pump, Tanks, Pipe ERECKS oo ees oo s e er et 36,624
WOTK SHANG, REME! TOOIS 1o ooy 14,650
Pressure COREFOL EIUIG oo eoeeeeeees s ss e 7,325
Casing Pressure TEEE EQUIDITIENT .oresrrsrereee o rormosrss s 7,325
Logging (7-in Caiiper Log, 7.n. CBL, 7+in. Vertilog, 7-in. Casing Tempature Log) ... 24,874
UG oot oo 10,254
CBITEIE RETAINET. ... ovoe s ovetesees s eeeesssiss s re e s 4,395
CEMENHNG ANG TESHNG . .ooovror s o 29,298
Planning, Supervision, REPOM Praparalion ... e 21,874
S G TAAKS oo oeeeeeeee s oot meb e 7,325
YU DISPOSBI 1. oveereorms it SO U USSP PORR RPN 7,325
COMENGEIGIES ... ovveoeeeresr s bbsess s oot o0 23.914

Total Estimated COSt, Per Well e s $224,682.00



TABLE 10-A

PLUGGING VOLUMES FOR CLOSURE OF LIMA CHEMICALS INJECTION WELLS

Well Wetkt Open Long Bentonite Cement Plug Top of Cement Plug Top of
Total Casing Hole String Plug #1 Cement #2 Cement
Well 1D Depth Shoe Diameter Casing iD Yolume™ Volume™* Plug #1 Volume ™ Plug #2
{ft KB) {ft KB) (inches} {(inches) {bbis) {bbis} {ft KB) {bbls) {ft KB)
WDW ##1 3133 2783 125 6,456 475 28.3 2583 109.5 B
WDW #2 3172 2813 9.0 6.456" 25.5 19.3 2613 1105 14
WDW #3 3165 2810 9.0 6.456 251 19.3 2610 110.8 8
WDV #4 3158 2885 9.5 6.366 203 203 2685 110.6 9

ke

fokk

Bentonite plug fills o

pen hole section to within 100 feet of casing shoe. Volume required represents open hole volume plus
he casing shoe. Volume required represents this

25%, excess for formation iosses.
Cement plug #1 is set from 100 feet below the casing shoe to 200 feet above t

volume plus 26% excess for formation losses,
Cement plug #2 is set from the top of cement plug #1 10 ground

volume plus 5%.

surface. Volume required represents the long string casing
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APPENDIX 11-A
POST-CLOSURE PLAN

The INECS posi-closure plan is submitted in accordance with OAC Rule 3745-34-08, 3745-34-
36 and 3745-34-61 of the Administrative Code and shall be kept at the facility at all times. The
post-closure care period corresponds fo the time it takes for the pressure in the injection zohe to
decrease {0 a point where it no longer intersects the base of the lowermost UsSDW. INEOS
anticipates thai this will be the length of post-ciosure monitoring period.  However, in
accordance with Ohic Administrative Code (OAC) Rule 3745-34-61(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 1op of the injection zone and for the waste plume location at the
end of the operational period were predicied from reservolr simulations using the SWIFT/98
groundwsater flow model as described in Section 5 of this permit application. It should be noted
that the values in Section 5 represent conservative (overestimaied) pressurization and migration
results designed o mest the requirements of 40 CFR 148 and are not representative of what
would be expected given typical injection well operations. The predictive modeling will be
updated at closure based on the actual injection history and measurad reservoir conditions at
the time of closure.

B. Status of Corrective Action for Walls in the Area of Review,

As indicated in Section 6, there are no problam arfificial penetrations of confining zone within
the 10-mile radius cone-of-influence/arsa of review. Therefore, no cleanups of correciive
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-
57-23 (dikes), 3745-67-28 (surface impoundments), 3745-67-80 (land treatment), 3745-68-10
(landfilis) and 3745-65-91 (groundwater monttoring) are not applicable 1o closure of despwells.

INEOS will continue to conduct the groundwater monitoring required by UIC Permits 10 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 jowermost USDW in sccordance with OAC Rule 3745-34-
81(F)(2). The requirements for the closure of the above ground faciiities associated with the
injection wells are addressed in the site’s RCRA Part B Permit Closure Plan,

C. Post-Closure Activities



APPENDIX 11-A (Continued)

Upon closure, a survey plat will be submitted to the local zoning authority, 10 the USEPA,
Region V, to the OEPA Division of Water, and to the State Department of Public Health. The
foliowing activities will be compleied at the time of closurs of the INEOS injection wells.

1. Survay Plat — The survey plat wil inciude the following information:

{z) The surface and subsuriace locations of the wellbore(s) and the stratigraphic

location of the injection zone.

(b} Plat to be cerlified by 2 professional land surveyor.

(¢) Include notice restricting disturbance of affected areas. Surface use of the proparty
will be unrestricied except at the monument. Subsurface disturbance is not
" permitted in the immediate vicinity of the borehole.

2 Notification of the Deed

(=)

(=)

{c)

The fact that the land was used fo manage hazardous waste.

The type, location and guaniity of waste disposed of by sach injection weli at the

- facility. The depth of the injection zone for each injection wall at the faciiity will also be
recorded on the deed in addition to the period over which injection occurred. The
permitted injection zones for sach of the site injection walis is as foliows (depths balow
Kelly Bushing Datum):

WDW No. 1 2340-3220 i KB
WDW No. 2 2418-2800 ft KB
WDW 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 recordad.

The names of the organizations including the local zoning authority and the OEPA,
Division of Water, with which the plat was fled as well as the address of the OEPA,
Division of Water.



APPENDIY 11-A (Continued)

3. -Records Management

Records reflecting the nature, composition and volume of all injection fluids will be refained
~ at gep—un‘ ol e

o ast three years foliowing the well closure. At the end of the ratention period, the
records shall be delivered to the OEPA.

D. Responsible Official
Site Director
INEOS USA LLC
Post Office Box 628
Lima, Ohio 45804

£ Estimated Costfor Post-Closure Care

Updated Predictive Modeiing $128,815
Legal Filings 4 35,158
Pogt Closure Monitoring 35,158
Contingency 21377

Estimated Post-Closure Costs, Site $220,808
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ha RN TR B , Naw York NY 10166
USA
Dhrector of the Ohio Environmental Protection Agency Tel +1 (212) 412 4000
Lazarus Govermment Center
122 South Front Street
Cojumbus, Ohio 43215

Re: Leter of Credit No. NYSB-2039

Dear Sir or Madam:

This letter amends our Lrrevocable Standby Letier 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 herchy decreased by 1JS$1,678,529.00 10 2 new aggregale
amount of US$5,480,120.00 (Five Million Four Hundred Fighty Thousand One 1 undred Twenty
0071006 U.S, Dollars).

This amendment letter in no way changes any of the terms of the Letter of Credit, which remains
in full force and effect.

if you have any guestions about this letter amendment, please contact Dawn Townsend,
clephone (201) 499-2081, Fax (212) 412-5011.

Plense indicate your scceptance/rejection of this amendment by signing and checking
appropriate response and refurning the copy (o us at our above address.

Sincerely,

BARCL%_Y,S ’EANK PLC, NEW YORK
Y
N "

/ ;4}:& Blrr )

DAWN TOWNSEND

AUTHORIZED SIGNATORY

(Date) April 1, 2010

This credit is subject (o the most recent edition of the Uniform Customs and Practice for Documentary
Credits, published and copyrighted by the international Chamber of Commerce.

amended terms hceepted rRejected
Director of the Ohio Environmental Protection Agency

AUTBORIVED SIGNATURE

Borchays Bird PLE, Row York pmnch
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FPiorgan Chase Bank, DA

/o JPiiorgan Treasury Servicss

10420 Hightand banor Ditve, 4™ Floor
Tampe, Floride 33630, Us.A

ATTN: Standby Letter of Credit Dept

Date: Jupe 2, 2010

Taor

TPMiorgan Trust Company, N.A.
Attne Institutional Trust Services
Leonard Gnat 312.267.5114

227 West Monroe, 26% Floor
Chicago, IL 60606

(the “Beneficiary”)

Re: P-624435

In respect to our Standby Letter of Credit reference P-624435 issued in favor of the above

referenced beneficiary, this letter shell serve as confirmation of fhe current expiration date of March
30, 2011,

Regards, e e

- A i

{ Mh\\ o~ X M‘}% ) o
L k

Luba Stewart

Operations Risk/Control Analyst
Global Trade Services
JPMorgan Chese Bank, N.A.
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i,
%E,E Phiorgan
Jeiorasn Chase Bank, Moba
wle Fokdarpan Treasury Servioss
Cijoba! Trade Services
10426 Thghland Mancr Drivs
Tamps, FL 35610
Tl BE6-H8E-5101
2R 31, 2008

ouR L/C HO.: Fug24435
Ty Lo APDLICANT:
IDHORERN TRUST CONPANY, ek O&D USA LLC,
AT INSTITUTLIONAL TRUET BERVICEES LIME CHEMICAL -- TIC WELL,

(LBOWARD GIART 972.267.5114) 200 B, RANDOLFE DRIVE:

397 WEYT MONROE, Z6TE FLOUR CHICAGO, ILLINCIE £0601
CHICAGO, IL 60606 :

®E ENCLOEE BEREWITH (A8 & PERMANWENT PART OF TREIS LETTER OF CREDIT) AX
“REEVOCABLE STANDEY LETTER OF CREDIT COPENED IN YOUR FLRUOR SUBJECT TO UCRE0D
=B NEAOTION REFERENCE WUMBER: P-524435

DATE AND PLACE OF EXPIRY: MARCH 30, 2008

AT OUR COUNTER

DOCTRENTARY CREDIT AMOUNT: TeDE, D00, 000,00
ATTO EETENSION: YES

EXTENSION PERIOD: 12 MONTH (&)
WOTIFICATION PERICD: 120 DAY (B)

PLEREE REVIEW THEE DETAILS OF THII ENCLOSURE AND TEE LTTRCKED LETTER OF
CREDIT IMMEDIARTELY AND CONTACT OUR CUSTONER EERVICE BREL RT 1-886-632-5101
TF TOU HAVE ANY QUESTIONS.

AN

AﬁﬁﬁIZED A TRR
HENRY AVEL
AB;SLSTANT VIGE Pries DERNT

1720056 U6SE5I0 “Papeiofl

e B s
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= jpRiorgan
SENMoemen Chase Bank, N.A

_tho SPiorgnn Treapuy Servioss

Giobal Trads Servies

10470 Highiand Menor Drive

Tams, FL 33610

el BEG-E3E-E501

MAR

2l
OUR L/C WO.3 F

, 2005
-§24430

TREEVOCRAELE STANDEY LETTER OF CREDIT NO. P-624435

NEME AWD ADURERE OF TEEUING INSTITUTLION:
JPNORGAN UHABE BANK, N.A.

£/0 JPMORGEN TREREURY EmRVICES

s STANDEY LETTER OF CREDIT DEPI.
10420 HIGHLAND MANCOR NRIVE, 4T8 FLOOR
TANEL, ¥l 23610

BIRECTOR OF THE CHIQ ENVTRONMENTAL PROTECTION AEENCY
LAZERTE GOVERNMENT CENTER

172 SOUTH FRONY STREET

OLUKBUE, OHIO 43215

DERR 3IR OR MADAMN:

WE ZERERBY DETABLIZE OUR CpREVOCKELE STANDEY LETTER OF CREDTT WO, P-824433
TN TRE FAVOR OF JPHORGAN TRUET COMPANY, NATIONAL AEEOCIATION, A8 TRUSTEE
UNDER TEE STENDBY TRUST KGREEWERT OF WARCH 30, 2005 By RND BETWREN 0&D USh
LG AND JPMORGAN TRUST COMPRNY, AT TEE REQUEST hND POR THE BCCOUNT OF O&D
ger LLE, LIMA CHEMICAL -- UIC WELL, 200 E. RANDOLPE DRIVE, CHICAGBO,
TLLINOIE 6060L, FOR PETRD-PARTY LIABILITY AWARDE OR EETTLEMNENTS TP TO ONE
MTLLTION AND NO/L1C0 U.8. DOLLARE $lrQDD,GGD=G0 PER DUCTRRENCE AND THE
ANNUAL AGGREGRTE AMOUNT OF w0 MILLION AND NWO/100 U.g. DOLLARE
¢2,000,000.00, FOR FUDLEN AOCIDENTAL OCCURRENCES AND/OR FOR THIRD-PRRTY
LTARILITY AWARDS OR SETTLEMENTS UP TO THE AMOUNT OF THREE MILLION AND
WO/L100 U.5. DOLLARSE £3,000,000.00 FER OCCURRENCE AND THE ANNUAL LAGREGRTE
LEOUNT OF SIX MILLION AND wo/100 U.8. DOLLRRS $6,000,000.00, FOR NONSUDDEN
AOCTDENTAL OCCURRENCES AVAILABLE UPON SERIENTATION OF A BIGHT DRRFT,
BELRTNG EEFERENCE TO THLS »BTTER OF CREDIT KWO. D-624435.,

rTg LETTER OF CREDIT IB EFFECTIVE 28 OF MARCEH 31, 2005 AND gEaLL EXPIRE
o MRRCH 30, 2008, BUT gUCH EYPIRATION DATE pwrll =E AUTOMATICALLY
EXTENDED FOR A PERIOD OF OWE YERR ON MARRCH 30 2006 AWD ON ERCH SUCCEEEIVE
TXPIRATION DATE, GNLESS, AT LERET ONE HUNDRED TWENTY DRYS #EFORE TEE
CURRENT EXFIRATION DRTE, WE NOTIFY YOU. THE DTRECTCOR, ANWD O&D USA Ll BY
ERTTFIED MAIL THRT WB URVE DECIDED WOT TO TLTERD TEIR LETTER oF CREDIT

Lranis UsasRb Pugs fof 2
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%ﬁ? Phiargan

TPMiorin Chase Bank, NoA
o/o TEhiorgan Treayury Berviens
Sloba! Trade Sorvives

10420 Highiand Monor Drive
Fampe, WL 38610

Tels BOG-£82-5101

¥aR 3L, 200B
QUR L/ WO.: P-£24435

REYOND THE CURRENT ZEXPIRATION DATE.

WEENEVER THIS LETTER OF CREDIT IE DRAWN OR, UNDER WD IN COMPLIARCE WITH

o TERME OF THIS CREDIT, WE SHALL PULY HOROR SUCE DRAFT TUPON PRESBNTATION
TO UE. '

wE CERTIFY THAT THE WORDING OF THIS LETTER OF CREDLT I8 IDENTICAL IO THE
WORDING SPECTFTED IN FRRRGRARRH (K) OF SULE B3745~BE-BL OF THE
ADMINISTREATIVE CODE A8 SUCH REGULATIONES WERE CONSTITUTED ON TREX DATE SHOWH
IMMENTLTELY RELOW.

UPHORGAN CHASE BRNEK, N.A.

8y ( ))3\3_,.?‘\ P

(STORATUREIN !

(TTTLE) HENRY AVELING
DRTE: MARCH 31, 2005 ASSISTANT VICE PRESIDENT

THIE CREDIT I8 SUBJECT T0 TEE UNTPORY CUSTOME AND PRACTICE FOR DOCUMENTARY
CREDITS {1893 REVISION), PUSLISHED LND COPYRIGHTED BY THE INTERNRTIONAL
HLMBER OF COMMERCE, PUBLICRTION NO. 500,

1A

LUTECRILED FIGNATURE

HENRY AVEL
ASBISTANT VICE R

172603 UBiese0 Papgiof 2
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GEOTECHNICAL INFORMATION

L Stratigraphy and Injection Interval Description

1. Fracture Pressure
i, Core Analysis (Open Hole Strata Only)
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GEOLOGY

WOW Nos. 1, 2, 3 and 4 are located in Secfions 2 ang 11 of Shawnes Township in Alien Coun‘cy
Onio (Figure 4-1). The following sections provide both jocal and regional g=ologic inforrnation
periaining fo the sour injection wells at the INEOS faciiity.

Regional Saoiogy

The foliowing sections discuss ihe regional geologic setiing in the vicinity of the INEOCS faciiity 1
order io demonstrate the continuity and physical proparties of critical geo\agic'units.

Regionat Geologic History

The INEOS faciiity is locatet on the indiana Ohio Platform, which is a positive arsa petwesn the
iWhichigan, Appalachian and Ilinols Basins (Wickstrom, el zi 1992, Figure 4-1)'. siructural retief
on the indiana Ohie Piatform is generally the result of diffierantial subsidence of the surrounding
masing as oppesed 0 tectonic uplift (Wicksirom, st al, 1882).

During the Pracambrian (Kewssnawan), 2 pariod of =yiension pravailed in the Mid Continent of
North Amarica which led 10 the formation of the Mid Continental Rift System, and zssociated East
Continent Rift Basin, with the peak of rifing, zssociated volcanic activity and geposition of
sadimentary rocks occurring at this ime (Baranoskl, 50072 Drahovzal et al, 1282). A more
detafied discussion of Precambrian rifting ang sediraniaion {Wiiddie Run Cormation) i€ included
in the saciions on Regional Stratigraphy and Structurs.

The baginning of the compragsional phase of the Grenvilian Orogeny marks fhe termination of
Kawsenawan rifting (East Continant Rift Basin, 2ocks of the Granville Brovince were thrust north-
northwesiward onto the oider craton with accompanying regional metamorphism and additional
plutonism wiich aocounts for the increass of crustal thickness along the Grenvilie Front (Grenville
Tactonic Zona) (Hoehn and Hinze, 1892). Miovamant along tha north-south trending Bowling Grean
Faull Zong and associated Outiet Fault zones initiated during the Grenvilie Orogeny (Figures 4-2
and 4-3). Paleczoic r=activation along the Bowling Gresn Fault is discussad in Ssciion 443 -
Regional Struciure. Santos (2002) analyzed detailed zircon grains from the Precamprian Middle
Run Formation and determined iis maximum age is 1.048 Ga (biliion years) & 22 ivia (million
ysars).

During the Laie Pracambrian and info he Cambrian, the North American plate bagan separaie
from northern EUrcps sast of the Grenvilie Mountains, The ancient proto -Aflantic lapsius 582
opened and by fne {ate Cambrian the stabie margin of the s&a hecame the site of subsidence
and the accumuiaiion of 1errigensaous ciastics. The Cambrian Sag moved ACTOES Ohio from sast
io west zs the passive margin subsided. The Carnbrian sachion therefore reprasents an overall
fransgrassive depositional sequance {Harris and paranoski, 1996). The - asal sandstons, named
tha i Simon, i3 2 guariz-rich, oncasionally arkosic, fing to coarse-grained sandsiohe. This was

mevised Ocfober 2040



deposited unconformably upon tne Precambrian (Janssens, 1873), and ie interpreied to be 2
barrier bar sequanca which migrated across & basal lagoonal estuaring sequence (Saesed, 2002).

The Eau Claire Formaton (Cambrian) conformably overlies the ML Simon Sandsione with 2
gradational coniact. Lithologically, the Eau Claire i a blend of very fine fo fine grained,
glauconiiic, quarz candsionz, silisione, dolomite and shale {Janssens, 1873} izuconiiic
sandsions with increased carbonates iowards the top of the section indicate increasingly marine
conditions during daposition of the Eau Claire.

When sea floor spraading siowed during tectonically guiescent periods, carbonate deposits of the
Knox Group occurred on the shelf (Hanssen, 1887 and WMiilici, 1898). In northwesiemn Ohio, the
Knox Group (Cambro-Ordovician) is refarred o by Janssens (1873) as the undifferentiaied Knox
Dojomite where it consists of white 10 tight gray dolomite and dolomitic sandstong with glauconite

present at the fop of the section (Wickstrom, et al, 1882},

he fransition from deposition on 2 passive margin o deposition on a convergent margin caussd
the Knoy Dolomite o be truncated by & major regional unconformity (Wicksirom, st al, 1982,
Resd, 1980}, The continent was uplifiad and karst topography and sssociated drainags patlerns
srobably formead on the sxposed surface (Dolly and Bush, 1872 Miussman and Raad, 1886, from
Wicksirom, gf al, 1882).

Foliowing erosion of the Knox sursace, the land began o subside and 2 shakiow sea coverad the
a

ren, resuling in

5 briaf pariod of infercaiaied clastic ang carbonate sedimentabion. represaniad
by the Weils Cresk Formation (Wickstrom, et al, 1882). Confinuad encroachment of the séa from
=2zt to wesl caused the deposition of the Ordovician Black .River Group (micritic to finely
crysialiing limesions) in environmeanis ranging from subfical to interiidal (Wickstrom, et al, 1882).

Subsequent to the deposiiion of the Black River Group, the epairic ss2 daspenad and becams
more normal maring in composition. Bentoniias at the fop of the Black River Group ars evidence
that the Taconic Orogeny was increasing in intensity to the sast (Wickstrom, =t al, 16g2). The
daepening of the sea resuliad in the deposition of the basal, subtidal and opan-shelf facies of the
Ordovician Trenton Limestone,  As @ result of the subsidence of the profo-Appalachian Basin
and the early stages of ihe Taconic Orogany, the deposition of tha basal Trenton facies ended
which is marked by 2 changs In depositional strike from morth-south 1o northeast-southwest This
causad 2 shaliowing of the sea o the northwast and the daposition of the thick carbonates of the
piatform facies of ihe Tranion (Figure 4-4). Southsast of the platiorm, in despar water, the Poini
Pleasant (interbsdded shale and limasions) was depesited (Wickstrom, et al, 1882},

The eng of Tranion deposifion was probably the resuli of & more intense phase of the Taconic
Orogany (Hudson Valiey Phase) {Tius, 1989 from Wickstrom, et al, 1982). This was marked by
rapid subsidance and/or fse in ssa level, In northwest Ohio, the ses movad westward and in
efact drownst the Tranton carbonate piatform and depeosiied the Cincinnati Group (shales and
limestones) (Wickstrom, &t al. 1992). Al this fime, the Sowling Gresn Faull Zone was probably
reactivated.

LN
'
[



oS

i

The Ordovician-Siiurian is postulaied 1 be unconformable in adiacent poriions of indiana, based
upon fauna! evidence. Howsver, Wickstrom, et al, (1982) finds no physical svidence for this in
northwasiern Ohio and tharsfore tha nature of the contact is guestionable. : '

Throughout the Silurian, ihs Taconic Mouniains continuad to erods dunng & fims of i=ctonic
stabiiity. Thin-bedded shales and limestones of the Lower Silurian demonstrais shat northwesiam
Ohio, while continuing to subside. was located tar from the provenance for {errigenaius clastics.
Deposition of tha Lockport Group and the undifferentiaied dolomites of the Saling Group further
axemplify the quiescence of the period. Nerhwessm Ohio was sub-asrially ex osed during he
Upper Silurian and Davonian Periods and erosion removed the op of the Salina Group. White
sha enfire ares of Ohio was orobably coverad by Mississippian through Lower Permian
sedimants, 2t ons fime, subasnal exXposurs and associated efcsion during the Mesozolc and
Cenozoic removed these formations (Bownocker, 1620

Pleisiocans glaciation resulied in the deposition of Wisconsian-sged end moraines, ground
moratnes and associated outwash piains disconformably upon the pesi-Siurian erosional surface.

Regional Stratigraphy

The strafigraphic nomanclature uiilized in this report is shown On the generalizad stratigraphic
column (Figure 4-5). Reagional cross-sections A-4 and B-B7 (Drawings 41 and 4-2), are includsd
io show ragionat continulty and charactarsiics of the Paleozoic formalions.

Srecambrian Sasement Compiex

The Precambrian unconformily surface in Ohio is divided by the Grenvilie Front which separaies
matamorphic rocks of he Grenvilie Province from the older Granite-Rhyolite Province and East
Continent Rift Basin sedimeniary and volcanic rocks in westem Ohio (Baranoski, st al, 2002)
(Figure 4-2). The Grenvilie Provincs is younda? tnan the East Coniinent Rift Basin rocks.
Theories of Precambrian rifiing proposed by Lucius and Von Frese, 1988, ang othar workers
were substantiated with the discovery of Pracambrian aged sedimentary rocks in the siratigraphic
szt drilied by the Ohio Geological Survey In Warren County in 1988, and the strafigraphic test
(WDW No. 4} driiad by INEOS In 1091, This tad 10 the re-examination of cutlings from wells in
Mhip and it was discovered that Precambrian samples praviousty dascriped as granilic wers
aciually sedimaniary roeks. This revealed thal Precambrian sedimeniary rocks I
unconformably balow the Cambrian section and ied 1o he naming of the Middie Run Formation
(Shrake, =t a, 1090, 1881, 1892 Dranovzal 2t al, 1882). Drahovzal =t at, (1892) esiimaies
upwards of 20,000 faet of sedimantary and voicanic rocks could be present in the East Confingnt
Rift Basin (Figure 4-5).

The Middiz Run Formation in the Warren County tesi is = well indurated, fins to meadium grained
sandstons that is pradominantly silica cemeniad. The approximate areal sxtent of the sandstons
was determined to be 30 miles wids by 99 miles iong exiending across wesiem Ohio (Shrake,
stal, 1861). The INEOS stratigraphic test well psnetrated 256 feet of ihe Micdle Run Formation
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bafore reaching & fotal depth of 3400 jest. The upper porfion of the Middie Run lies within the
mjection interval.

Mt Simon Sandstone {Cambrian)

The Mt Simon & 2 widesprsad, vary fine o coarse grained, party conglomeraiic sandstone that
fies unconformadly upon the Pracambrian in westarn Ohio. A hasal congiomerate overlies the
Brecambrian erosional surface (Janssens, 1973). In & recent WS Thasis from Bowling Gresn
State University, Saeed (2002) describes the Mt Simon in the ODNR Warren Couniy well 25 &
generally coarsening upward sesguence of sangsione, silisione ant minor clay stone.  Tidal
rivihmites, flaser, jenticular and  wavy bedd%ng mud-drapas, intraciesis and  significant
bioturbation structures atiest 10 2 shallow marine tigally-influenced depesitional setiing. The
coarsening upward sequence iz interpreied 25 2 transgressive barmier sequence which rmigrated.
above 2 basal lagoonal estuaring succession (Sased, 2002} (Figure £~8),

The Wi Simon Sandsione lacks indey fossils and its precise age is unceriain (Sased 2002).
Triobites in the Eau Claire Eormation (above the Mi Simon) ars late WMiddle Cambrian o sarly
iate Cambrian in age which implies s WL Simon is roughly Middie Cambrian {Babock, 1884).

Historically, the Mt Simon has been diztinguished from the ovarlying Eau Claire Formation by the
absance of glauconite (Janssens, 1873). However, SOME glauconite may be present at the 10p
of the WMt Simon indicaling increasingly maring condifions. Glauconite was noted in the 10D of the
Wit Simon at the INEOS site. The it Simon Sandsions ranges in thickness regionally from 140
fmat o 350 fesl (Janssens. 1973) (Figurs 4-7). The Wi Simon iz 340 Teet thick at the INECS

Tachity.

The contact and correlation of the Cau Claire-Mt Simon Sandstons ic further discussad in the
saciion on Local Gaology. Howsver, it should be noted that the contact displayed on ihe regional
cross-sactions is the preferrad pick of ths ODNR (Rez and Wickstom, st al, 1881) However,
Sasas {2002) picks the 10p of the Mt Simon ai the top of the lowsr gamma ray response gt the
top of the mors massive sand seguence (Figurs 4-8),

=gy Claire Formation {Cambrian)

The Eau Claire Formation conformably overiies the Mt Simon Sandsione and consisis of very
fine to fine grainad. glauconitic quartz sandstonz, siiistons, dolomite and shale (Jansssns, 1873).
It is more sandy at the base with carbonate content incraasing in the upper part of the formation.
Approximaigly 34 mies sast of the siudy area therz 1s 2 facies changs wherz the Eau Claire 15
subdivided into the Kerbel, Roms and Conasauga Formations (Figure 4-10).

The Sau Claire ranges in thicknass from less than 300 featin the norheast o more than 500 fzat
in the southwsst. Tne Eau Claire is 382 fast thick at the INEOS sitz and comprises part of the
injaction ant arrasiment intervals.
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Kpoy Dolomits {Cambs-@m’rovician}

The Knox Dolomite (undifierentiated) in norhwestam Ohio 15 somposed of whiie i light gray
crystaiiing doiomiie containing glauconific siltstone and minor interbedded silty golomite near iHe
hase of the formation (Janssens, 1973). Glauconite is present near e ©P of the formation
(Wickstrom, et al 1932). The base of the Knox is transitional with the Eau Claire Formation, The
Knox Dolomite ranges in thicknass from approximately 200 faet in the noriheast io approximatety
700 feet in the southwest (Figure 4-1%), The Knox Dolomite is 500 fest thick &t the INEOS site
and the jowar half is the confining zone for injecied fluids.

Welle Creek Formation {Ordovician) _

Lying unconformably upon ihe Knox Dolomitz, the Wells Crask Formation is composed Of
disfinciive green, waxy, dolomitic and pyritic shate with some argilaceous carbonaias, brown,
gray and black shales, and Minor amounts of sandstone and sitstone  (Wickstrom). The
iickness of the Welis Crezk is related to the Knox Dolomie paleoiopography, i e.. thin sections
of Wells Craek correspond 10 thick sequences of KnoX Nolomite (Wickstrom, et al, 1992). The
maximum thicknass of the Walls Crask is 30 feel. The Wells Cresk is 18 fest ihick at the INEOS
site.

Biack River Group ( rdovician)

The Black River Group conformably overlies he Walis Crask Formation excepl where relisi on
the posi-Knox erosional surface wes snough 1© preciude deposition of the Walls Craek, in which ‘
caze it lies upon the Knox snconformity.  Lithologically, the Rlack River group consists of a0,
light-brown or gfay micritic to finsly crystaliing imesione with some sossififerous ZONSS.
Benfoniies are abundant at the iop of he sorpnation (Wickstrom, &t al, 1992). Regionally, the
tickness of the Black River Group rangss from 300 fest in the wast o 480 fzat in the east
(Figurs 4-12). The Black River Group iz 381 tast thick at the INEOS site.

Trenton Limesions {Ordovician)

The contact of the Trenion Limesione and Black River Group is conformable and is determinad
regionally on ihe hasis of 2 prominent bentonite marker. in generai, the Trenion Limsstons 15 2
fossiliferous fimesiong with & dark-gray to light-Drown matrx, Thin shale bads ars Cornmon. The
Trenton Limestone in northweast Ohio consists of platform, oiatform margin ang open shelf facies
(Wickstrom, 2t al, 1992) (Figurs 4-4). The INEOS site s within the platform facies. The top of
the Trenion was an important ol progucer during the sarly 1500°s

The Trenion Limasiong ranges in thickness from 200 - 300 feet o the northwest and thins
abruptly to less than 100 feet to the southsast (Figuis 4-13). Southsazst of the Trenton platiorm
the Point Pleasant interbeddad shales and fimestong were deposited (Figure 4-143, The Trenion
Lirmasions is 174 feet thick at the INEOS facility.

Cincinnati Group - Undiffersntiated (Ordovician)
The contact of the Cincinpati Group with the underlying Trenion Limesions is sharp and sasily
distinguishable on geophysical 10gs. The Cincinnati Group grades upward from light 10 dark gray
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calcareous shales and silty chales to light-gray t© green calcaraous shales intarbadded with Tine
ip madium crysialiine sogsiliferous limestone and dolomites  (Wickstrom, st @l 1982) The
Sincinnati Group rangas from 700 fast io the west {0 approximately 850 taet 0 the sast (Figure 4-
15). The Cincinnatl Group is 888 fest ¢hick at the INECS site.

{ owermost Undifferentiated Silurian Rocks

The contact of the lowsrmost undifferentiated Silurian rocks with the undartying Cincinnai Group
is thought 1o be unconformable in Indiana nased on faunal evidenss. However, no physical
svidence i present in northwestern  Ohio  (Wicksirom, st al, 1882y The iowarmost
undifferentiated Siiurian rocks consist of thin bedded gray calcarecus shales and white crystaliine
fimestones. in north-central Ohio, the lowermost undifferantiated Silurian rocks can be divided
into the Brassfieid Formaiion {argillaceous limesione), the Cabot Head =ormation (iimasione) and
the Dayion and Rochasiar tormations (shale). Through & series of facies changes and pinchouts,
ese formations do not correlate 10 the west, (A8 discussed in the Hydrology section, the base of
the lowermoest undiferentiaied Silurian Tocks is defined as the base of he fowermost USDW.)
The lowsrmost undifferentiaiec Silurian rocks are 58 feet thick at the INEOS facility.

Lockport Group (Sthurtan}

The Lockpor Group, aist retsrred to as the Lockport Dolomite, is subdivided regionally into the
Gespori, Goat Isiand and the Guelph Dolomites. These jormalions are present throughout the
region but the contacts netween ther are transitional, making correlation betwsen tham [2nuous
and tnarafore are not Giferentiated in this study. Tnhe Lockport in Ohilo and adjacent areas I8
known for containing resfs. massive accumulations of skeletal framework and debris from an
abundance of reef building organisms (Hansen, 1998). The Lockport Group is 100 feet thick at
the INEOS site.

Pieistocens Giacial Deposits

During the Mesczoic and Canozoic, the region was subaerially sxposed resulting in moderats
refiet topography and incised drainage. The Lockport Group is the main source of drinking watael
in northweastarn Ohio and the Dase is considerad 1o be the base of the 3000 mg/L USDW. As
discussad in the section on Genlogic Hisiory, post-Silunan cocks ware removed by erosion. The
Plaisiocane in the study arsa consisis of Wisconsinan glacial deposits. These lie disconformably
upon the pest-Silurian erosional surface and consist of end moraines, ground moraines and
sutwash plains and rangs in combined thicknass from 30 to 300 fest (Figure 4-16Y). The Forl
Wayne, Wabash and St Johns moraines cross the study arsa along =ast-weast lines and are the
most prominent remnant glacial landforms in the ares (Figure 4-17).

=

This section is a discussion of tne Precambrian structural slernents of the region and the relafion
io the overlying Paleozoic section, in which the Cambrian-Mi Simon and Eau Clgire Formations
comprise the injection zone, and the lower half of the Knox Dolomite comprises h2 confining
zonz at the INEOS site.



The ragional sfruciurz on ihe Precambrian unconformity and the relafion 1o Saleozoic structure is
interprefad and discussad based on regional studies sncompassing ragnetic gravity, selsmic
and well daiz (geophysical I0gs and cuitings).

R Front (Grenville Tectonic Zone) and the kast Continerit Rift Basin (Fort Wayne Rift)
domingis the Precambrian sqruciure of northwesien Ohio (Figure 4-2).

The posiiion of the Grenville Front is well defined by the residual asromagnetic map of the staie
of Ohio {(\Wickstrom, el al, 1882) (Figure £-18). The Grenville Front is the result of the
comprassional phase of the Grenvitle Orogeny, whean rocks of the Grenvilie Province wers thrust
(north-norih\mestward} onio the oider craton (Hoehn and Hinze, 1982},

Located approximately 30 miles east of the INECS sacility, the Bowling Graen Fault Zone and the
sesociated outlet faull zone coincide with the Grenvilie Front (Wickstrom, &t at, 1992) (Figure 4-
3y, The Bowling Green Eault is reverse in nature, upthrown 1o ihe sast and exisnds al izasi 45
miles from Hancock o {ucas County. Dues deviations of its race, variztions of offsat and
several associated faulls, the fault zone is considerad 1o he & complex wrench sysiem
(wickstrom, &t al, 1082} His interpreiad fo have had thres primary episoces of movemant
sracambrian, Ordovician, and Silurian.  Ordovician movemsani and dispizcement of rocks is
avident on 2 seismic profiie (Figure 4-18). An episooe of fauling occurred concurrent with of
slightly after Tranton deposition, probably & byproduct of the Mudson Valley Phase of the Taconic
Orogany (Tius, 1889 Wickstrom, et al, 1882). Struciural contour maps of the Knox, Trenton and
Cincinnati Groups exhibit displacement along the fault zones (Figures 4-20. 4-2% and 4-22)
Siurian movemsant s exempiifizd by expesures of Silurian bedrock at he France Sionz Co.
Waisrvite Quarry in Wood County. Al this ouicrop, fault gouge is apparent (Wickstrom. =t al,
1002). Recurrant movameni of the Bowiing Green Fault zonzs is confirmad by Onasch {1885}
Onasch has documeanied not only several periods  of Pateozoic movament bul possibly
Crataceous and younger activity.

The sacond fsaturs important 10 the Precambrian struciure of northwestam Ohio is the East
Contineni Rifi Basin and sssociated Fort Wayne Rift Zone (Figurs 4-2). In recent years, much
sttention has been focused on fhis arag, especially affer he discovery oOf Precambrian
sadimantary rocks below the Carmbrian Mi Simon Sandsione, in the Warren County strafigraphic
iasi conducted by the Ohio Gaologicat Survay {Shrake, 2t al, 1890 and by ihe stratigraphic test
wall (WDW No. 4 ) drillad by INECS In 1881,

fiany workers had specuigiad on the presence Of Pracambrian rifis in wesiem Ohio, using
magnetic and gravity date (Barancski, 2002). The discovery of Pracambrian sedimsniary rocks
(Middie Run Formation) was additional proct of bracambrian rifting and the exisience of the East
Continent Rift Basin and the scsnciated Fort Wayne Rifi Zong (Figurs 4-2).

The East Continent Rift Basin (Fort Wayne Rift 7one) is postulated o pe shightly oldsr than the
Grenville Province, but posi-taies the Ceniral Granite-Rhyolite orovince (Dranovzal st &l, 1892,
Hoehn and Hinze, 1892},



The structure contour map of the Precambrian published by the Ohio Departmant of Natural
Resources, Division of Geoingical Survey (Baranoski, 2002) uiilized available well confrol and
ssismic data (Figurs 4-23] entire map Appendix 4-1). ks depicied on the map, & series of fault
blocks have besen mapped along ihe Cocomp (OH-1) seismic line run through Shelby, Logan and
Union counties. This ling is approximately 18 ~iles south of the INEOS siie. This series of fault
blocks is coincigent with the Eor Wayne Rift Zone and coincides with the seromagnstic
anarolies mapped by Hildanbrand and Kucks (Figure 4-1B)in 1984,

Paleozoic siructure maps compiled by Janssens (1973} and Wickstrom et ai (1982) do not
indicate any svidence of Paleozoic involvement of reactivation in this arsa of sautting (Figures 4-
20 through 4-25). in addition, and as will be discussed In More detail in the sesclion on Local
Structure, no evidence of Palaozoic movement s 2vident on saismic fines run naar the INEQS

faciiity (Brung, 1881, Baranoski, 2002; Faramo, 2002, Wolfe 1082).

Several unpublishsd studies which include Heidom (M.8. Thesis, 1979) and Stone angd Webstar
{1878), postulated the evistence of a number of taults in northwesiern Ohio which previously were
unrecognized. Thess have bezn namad he Anng, Auglaize, Logan-Hardin and Union Faulis
(Figure 4-28).

Thers is some corrslation of 2 porfion of the Anna, L ogan-Hardin and Union Faulis io both the
fauls mapped on the Cocorp OH-1 line and anomalies on the asromagnaiic map, Nowever, ihe
specutaiive Auglaize Fault does not s=em to corrsiate with the seismic ling or the seromagnatic
map, The Auglaize Fault frend is depictad on fhe Precambrian siructure map of Baranoski 2002
2¢ inarred with "dispiacernant quesiionable” In addition, 28 Wickstrom, et al (1992) states, there
is no direct evidence of Salepzoic movemant along these trends and ihair positions are highiy
speculaiive.

The closest (approximataly & miies) propesed fault © the INEOS site is the Auglaize Fault that
nas hean siudied by several workers. The siudiss will be summarized balow.

Stone and Websiar (1876) reported that the Auglaize Fault irends northeast-southwest, 1S
upthrown o he southeasi and has displacement of 50 feet on top of the Trenton [Limesions
{Janssens, 1281}, Appendix 4-2, Figurs 4-27). Howsver, 2% stated by Janssens, only selected
Tranton walls wers uliized © confirm the fault trace and i ail Trenion data is incorporated, the
zault cannot be mappad and only regional dip is presant.

Heidorn (1979) s @ Wi S Thesis from Wright State University that theorizes thal 2 fault (Auglaize)
infuenced the davelopment of tmz buried bedrock vaiiey, & triputary of the Taays Valley Sysiam,
which bisecis Auglaize County. To suppor this, & gravity sumvay was mads to gather bedrock
nformation and a Trenton structure mapg wae consiructad.  As in ths Cas8 of the Sions and
Vabster report, only selected Trenion wells ware incorporated into ihe thesis and if all availabie
data wers utilized, only regional dip is prasent {Janssens, 1991) {Appendix 4-2). in addition, itis
Janssens' opinion that & gravity study "is & proper ong 1o explore for such feaiures 2% sali domas
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angd ore bodies but not © search for such subtie density -~ conirast feafures such as Precambrian
bezsemeni or overlying Paleozoic sedimeaniary rocks” 1t iz also important 1o noie that Heidorn's
version of the fault is mapped o the wast of Sione and vyehster's Auglaize Faul ang the sense of
fhrow is reversed, ie., upthrown io the northwest insisad of to the southezst This further
axemplifies the highty spacuiative nature of the Auglaize Faull,

Wickstrom (1990, 1982) proposed that itha Auglaize and Logan-Hardin Faults were controling
saciors for the developmart and position of the Tranton carbonate platiorm and that they had
nossibie baleczoic reaciivation.  However, structure maps of the Ynox Dolomite and Trenion '
Limestone show only ragional dip 1o the northwest (Figures 4-20 and 4-21).

in response o the possibility of Trenton ags and Paleoroic faulting N generai, Rike (1988)
parformed 2 detailed subsunace structural analysis (utilizin extensive well conirol) of the
Tranton Limasione for & distance of 8 miles surrounding the INEOS site (a summary by S.A Lang
of the Rike, 1889 report is included as Appendix 4-3). Although some small scale closures are
mappad, no faulls were detectad in this study (Drawing 4-3).

Ragionally, 2% far a5 Paleozoic sechion is concerned, there is gefinite proof that there was
r=aciivation along the Bowling Green Fauli Zone, which is approximately ity miles from in

I

INEOS site (Figures 4-20, 4.279 ang 4-22). There is 880 avidence of Paleozoic reactivation along
tha Fort Wayne Rift Zone which is approximately 14 rmiles south of the INEOS site (Barancskl,
2002). Baranoski (2002) utiiized the COCORP OH-1 seismic line 28 part of nis study (Figure 4-
23 Appendix 4-1). This s in conirast o the work of Janssens (1973}, which utilized limited well
conirol and did not reveal pateozoic fauling along the area iater designated 28 the Fori VWayne
RIf.

The saromagnatic map (Figurs 4-18) of Hildenbrand and Kucks (1984) which s ufflized in
Wickstrom 2t al (1882) dispiays significant magnatic anomalies which align and coincide with the
Fort Wayng Rifi (14 miles Secuth) and Bowilng Gresn Fault Zonss (31 miles Eazsf), No anomalies
of this intensity or linear nature occur in the irmmediaie vicinity of the INECS siie.

in the region adjacent o the INEOS facitity, Brecambrian and Paleozoic structure to the top with
the Eau Clare exhibils ragional dip fo the norfhwest, changing {© & more northerly regional dip on
prograssivaly younger sormations (Figures 4.0 through 4-25 Janssens, 1473 Wickstrom, st al,
1982}, In addiion, the rate of dip dscreases upward i the saciion. This coincides with
Wickstrom's (1282) description of the indianz Onio platiorm siruciural relisf as resulfing from
diferential subsidence of the surrounding basins &s opposed (o iectonic uplift,

in conclusion, 1t appsars that the closest documenied Pracambrian fauling with Paleczoic
rzactivation is located approximaiely fourieen miles 1o the south of e INEOS sie in the Fort
Wayne Rift ZOne. Paleozoic reactivation also ocourred along the Bowiing Graen Faull Zong,
approximately thirty miles o the sast of the INEOS site. The highly speculaiive Auglaize Fault,
appreximately B miles southzast of the site hes guestionable Drecambrian displacemani and
highly unlikely Saieozoic movement (Baranoski, 2002). Further discussions On lpcal siruciure



and interpretaiion of seismic knes run at the INEOS she are provided in Section 4.2.1 and 4.2.1.%.

Thase lines were vary usaful in delinsating struciure af the INEOS site, considering the paucity of
sub-Tranion data (well sonirol).

Selzmic Activity

Sarthquake epicentsrs wihin the INEOCS region are sspulated in Appendix 4-4, bassd
mormation through May 1, 2010, from the Advanced National Seigmic Systermn. The ragion
szarched for sarthaquakes iw 78° W to 907 W longitude and 55° N 1o 45° N latiude. A map
showing sarthguakes in this ragion is includad in Appendix 44, Algo inciuded in Appaendix 4-4
and 2s Figure 4-28 is 8 Map of sarthauakes local © the INECS siie. Figure 4-28 shows
sarthguakes that have baan recorded from 1775 through May 1, 2010. The University of Michigan
monitorad the Anna Seismoganic Region, where the INEOS saciiity 13 iocated, from 1978 1© 1982. .
Significant nistorical sarthquakes through 1992 in the general vicinity of the INEOS site, reporied
in fileraturs and recorged by the University of Michigan ars lieied in Table 4-1. in addition, INECS
maintzins & saismic monitaring instrurnent on site that has been operationa! since March 1981
Selsmic records are obtained with 2 Mark Products downhole triaxial geophone and fransducers
ang & Kinemetics recordar.  The operation of these instrumenis s surnmarized i guarterly
repors. A rscent selsmic monitorng guarterly report is includad in Appandix 7-8. During ths
period 1989 through early 5005, no local evenis recorded by ihe instruments displayed
characteristics associaiad with either natural of inducad seismicity. 20y svents are atiributed 1©
nigh levets of zctivity and packground noiss associated with INEGCS tzeility operations, such a%
passing trucks (Geosciznce Services, 1881).

Two local sarhguakess occurred near Lima in 2008 the May 12, 2008, sarthguake with
magnituds 2.8 and the August 15, 2008, sarthquake with magnitude 2.5. Both svenis were
located appro::ima'teiy 2 miles sest of the INEOS facility. A saries of 85 local microsarthguakes
was racorded by the INEOS seismic menitoring systam beginning on Wiarch 25, 2005, and =nding
on Warch 28, 5008, The following ascription of tha rmagnitudes and locations  of the
rmicrosarthauakes was sxcarpiad from Waston Geophysical ( 2008},

Anatyses of ragordad selgmograms including measuremant of psak vibration amplitudes
and fime separafion hatween P and S wave arfivals produced the foliowing sstimatad
magnitudes and focal distancas from the BPC saismic Monitor. Magnitudes rang? from -
150 +0.5 Four avenis are |seated closer o the monitor in & disiance range from about
4 5 4o 2.5 km. Remaining svants are more distant in the range of about 4010 5.0 km Al
avents are oo small 0 have besn deiected DY regienal ssismograph stations, which
typically operate with & magnituds getaction threshoid of Wi=2.0, or largai. Therafore,
securate locations for hese svenis cannot be determined using Jusi the single station
records obtained at BPU Itha INECS saismic siafion),

INEOS has not recorded any seismic goiivity raiated 1o injsction oparations.

The historical data indicate the majority of setsmic activity has nocurred nsar Anna, Ohip whers
tha first wall-gocumeniad sarthguake In Onio wes racorded in 1875, 1t was sstimated o be 2
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Wiodifiad Marcalll Intensity VI, intense enough to cause camage in poorly constructed buiidings.
Appendix 4-5 describes e Wodified Mercalll intensity Scals.

The small- o medium-sized earthouakes of the Anna Seismogenic Region shown on Figure 4-28
coincide with the Praecambrian faulis of the Fort Wayne Rift Zone gelinsated by the COCORP
(0H-1) selsmic ine and depicied on he Pracambrian siruciure map compiled by the ODNR,
Division of Geological Survey (Baranoski, 2002, Figure 4-23). The depths of the small gvenis
northeast of Anna are befween thrae and six miles based on Powave arival fme. . in general, the
seismicity of the Anna Seismogenic Region ic monsistently deaper than three miles for the evenis
in which data are avaiiable. These depths are consisient with the concept of desp-seated

precambrian fzuling and are considarably deeper than the injzction zons at the INEOS facility.
Local Geology

The following sections presam the geologic information svailable in the vicinity of ihe INEOS
injaction well facility.

Locat Structure

Seismic reflection daia were sollesiad by INEOS during the petiod from 1868 io 1961, Dstalls of
ihe seismic reflection survey and a summary of the resulls are summarized in this section. The
original report (Brune, 1801) is included 28 Appendix 4-6. Cres
continuity of the injsclion zone and shaliower horlzons (Drawin

c-sections A-A’ ang B-B' show the
gs 4.1 and 4-2).

Due fo the lack of well conirot deepar than ihe Trenton Limestons, only very ioeal structure
comiour maps of the Top of Mt Simon, Eau Claire and Knox Dolomite could be generaisd
(Figures 4-33, 4-34 and 4-35). Rike (1989 parformed @ detailag structural analysis of the
Trenion Limastone ufllizing sbundant well control.  This map is includad as Drawing 4-3. A
summary by S.A. Lang of Rike's report is included 28 Appendix 4-3.

Seismic Refiection Survey

A seismic raflaction survey was conduciad by INEOS from 1988 o 1991 in order fo maet ths
permil requirgmants in Ohic EPA Part N{D)(5) for the parmitisd deep walis that reguirs "atequate
ssismic fines and profiles... 10 orovigs information on the deep structure of the area’ (Brune,

1991). A detailed description of the seismic prograrm and avaluation is provided in Appendix 4-5.
The following summary is basad on Brune (1881).

Approximatety 70 miles of ssismic daiz, all of which ware 30 or 50 jold, were zoquired on 13
fines. A synthetic seismogram was generatad irom & sonic jog from the INEOS injection wells
(Figure 4-30). Al of the acguisition work and most of ihe processing wes performed Dy
geophysica! coniratiing companies. Tables 4-2, 4-3 and 4-4 summarize ths chronology,
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acquisifion and pro essing parameisrs. For quality control during the 1988 and 1080 program, 2
third party fechnical represeniative was present guring acguisifion.

—he selsmic investigation of 1988 and 1988 focused on ihe ares southeast of ihe INEQS faciiity
in order in investigate the presence of the postulated Auglaize and Teay Trbutary o related
fauie and most importantly, evidence of Palsozoic reactivation.  The 1890 selgmic pregram
consisted of east-west and north-south fines that boxed in the INECS site and orovided the points
for the 1588 and 1988 data {Figure 4-31}. Thrae seismic refleciors wers recognized and ytilized
in the study, the Trenton, Eay Claire and the Mt Simon.  The synthetic saismogram was
correlated o the seismic lines &8 shown in Figure 4-30. The hest refiecior correlaies 10 & fight
>pne near tne top of the Eau Cigire Formation and could be tfraced ihroughout the area. Preciss
picks of the pase of the Mi Simon (iop of Precambrian unconformity), svenis within. the
Brecambrian and the fop of the Knox Dolomite wers not possible.

intarpretation of the Precambrian structure indicaied that imare i evidence Of Precambhian
structure consisting of possible faulis Of fracture planes. In most cas8s, thess lack evidence of
verica! throw, Brune (1981), Chapier 8, p. 2, para 4 states "Thers is evidence of some fauling
in the pre-Mt Simon, and there is probable evidence of many possible srociurafiauit planes seen
by horizonta! saismic eveni ermingions and dim spots. Howevar, thare is 2 significant concem
that such events can b2 confused with various noise sources and/or sui-of-the-plane seismic
ayants.” Alse ses p 3, chapier 5 Horizonial Noise ang Fauli Pianes.

The Eau Claire reflacior was constant throughout the ares and showed no evidence of faulling.
Statistical scatter of the Eau Claire refiecior was snough o obscurs tha known ragional dip
(ﬁorthwesi) which made coniouring the date poiniless. However, W can be determined that ihe
£au Claire Formation s sssentially flat. The Tranton Limestons refiecion was consistant
throughout the arsa ang also showed no evidence of the fauliing. Howevar, the dapth resolution
of the saismic data is much jess fhan subsurface mapping based ON wall conirol,  Thergfore,
rather than & Top of Tranton ssisrnic map, an isochron map of the Top of Tranton 1© the Top of
Zau Claire (dolomitic shaleffine grained sandstons near the 10p of the Eau Clairg) was compiled.
It was found thatl ihe isofime inisrval was constant.  This i an evcallznt indication that the
Pracambrian had no control pver the geposition of the overlying Paleozoic and thus reaciivalion
of deep-seated Brecarmbrian featuras during the Paleozoic did not OCCUl The Mt Simon reflecior
had even more statistical scatter than the Trenion of Eay Clairs and any isopach mapping
involving the Mt Simon was not useful to the study.

The saigmic fin2s acquired and evaluaied by INEOS were also analyzed and incorporated Inio 2
Pracarmbrian struciure ‘map compiled by e ODNR, Division of Geological Survey {Barancski,
2002). No faults with definite Precambrian movemani or Paleozolc camciivation were mapped on
these lines (Figurs 4-23 Appendix 4-1).

in 2 MS Thasis performead at Ohio State University, Paramo {2002) reprocessed and svaluaied
the INEOS lines. Paramo noies evidence Of Pracambrian fauliing which he inierprefs 28
avtensionat due o he formation of the East Contineni Riff Basin and concludes the “Cambrian



and Ordovician sirata are fat henaazth the seismic lines (p112 para. 2)" He aiso siaies that
Cambrian-Orgovician sadiments are neat constant thicknass throughout the study arsa (p. 73,
para. 2). This agrees with the isochron work of Brung (1891). Paramo's model for the subsuriace
geology of Allen County Is provided 2s Figure 4.37. His model does nof inciude any avidence for
Paleozoic reactivation.

Wolfe (1993) also analyzed the INECS seismic fines and identified Pracambrian faulling. As

does Brune (1881), Paramo (2002), his repori does not give evidence for Pajeozoic reactivalion
on the INEOS lines (Figure 32-A).

in conclusion, siudies of the seismic fines at the INEOS tacility kave indicated that:
; ¥

Svidence of Precambrian structural features exXist, such as fault or fraciure planes {Brung,
19¢4; Paramo, 2002; \Wiplfe, 1293). However, these had little to'no yeriical throw and
some possibly are noise related {Brune, 1881).

o The Pracambrian faulsffracture pianes do not s&sm io correlate from iing © fing {Brune
1081} and the Precambrian structure map of Baranoski (2002) which utilized these lines
does not display faults in the area in guestion.

Tha Tranton, Eau Clairg and ¥noy Dolomiie reflaciors showed no avigence of Paleozoic
fauling {reaciivation of the desp-seaied features) (Paramo, 2002, Brung 1081, Wole,
1893} _
4. Although Paleozoic sedimentation was influenced by ~ecurrent faull movement and
Bracambrian paleoiopography along the COCORP OH-1 saismic fing 14 miles south of
the INEOS facitity (Baraneski, 2002) and regionally in oinar arsas, 1Sochron mapping of
saismic fines at the INEOS facility on the Top of Trenton fo Top of Eau Ctlaire showsd
uniform thickness of ihe siratigraphic units, thus indicating that local Precambrian
siructure of paleoiopography had fittle influsnce on Palzczoic sadimentation.  This is

{2

strong evidence that in contrast o e Bowling Green Faul Zone and the Forl Wayne
Rif, the deep-éea‘ted Pracambrian features did not undergo Palzozoic reactivation, A3
stated previously, this is supporied by the work of Paramo (2002), Brune (1981) and
Woke (1993).

4242 Local Structurs Maps and Cross-Ssctions

Cross-sactions A-A" and BB (Drawings 4-1 and 4-2) traverse sasi-wesl and norih-south through

the INEOS injsction walls, The section from the Lockport Dolomite 1© the Mi Simon Sandsione
and Pracambrian is displaysd and shows lateral continuity of the tormations, and lack of fauiting.

Although tack of well control in the immeadiate vicInity of the INEOS facility pravents datailed
struciure contour mapping on the fop of the ML Simon Sandsione, Sau Clalre Formation and
Knoyx Dolomite, siructure contour maps of thase three horizons ars included =s Figures 4-33, 4-
34 and 4-35.



4.2.2

4.2.2.4

The struciure maps of tnz Top of the ML Simon Sandstone and Eay Claire Formaiion show dip of
approximataly 75 — 30 fest/mile o e northwest. This concides well with the work of Shearow
(1987}, ant saismic work of Brune (1991), and ihe documented regional sfructre.

The top of the KnoX Dolomite map shows dip of approximaiely 100 fest/mile o the souinwast.
The southwesi dip coincides with work of Wickstrom, €t al { 10G2) where a trough on top of the
Knoy appears o exist hensath the INECS facitity (Figure 4.20). The sieeperl dip on fop of the
Knox Dolomitz, s probably reflective of pa\eotopography {gue 1o karsting) 28 the Knox hins TOM
Whws No. 1 and 3 { northeast) to WDWs No. 2 and 4 (soutnwast) (Drawings 41, 4.2 and 4-4,
ses aigo sechion on Regional Siratigraphy).

As discussad n the saction on Regional Structure, Rike (1891 performed 2 detalled siructural
analysis of the Trenton Limastong within an §-mile radius of ihe INEOS facility. A summary by
5.A Lang of this report is provided In Appendix 4-3. The Top of the Trenion Map is displayed a3
Drawing 4-3. As shOWN 07 the map, several gmali closures are mapped on op of the Trenion. AS
stated previously, the Trenton Limestone af the INEOS siie & interpreted by Wickstrom &t &l
(1992), o iie within the plalform margin facies. Saveral of the closures align souhwast 10
northaast, coincidant with the rend of the platiornm margin, Since no avidence of deeper closed
anticlingl feaiures Nes been presentzd DY nrune (1881} Baranoskl (2002), Paramo (2002) of
ywolte (1883} In seiemic interpratation in the area of the INE g site, it is likely that thass closures
arz the resuli of dapositional topograpny on top of the Trenton Limestong, which is consistent
with 2 platiorm margin safting (s Gaologic HIstOTY and Regional Stratigraphy giscussions). N
svidence of fauliing 18 indicaiad on the struclure map. 1his colncides with ine seisrnic analysis
pacformad DY srune (1891), Paramo (2002), parancski (2002) and Wolfs (1883).

in conclusion, siructure mapping from well control and seismic caia of the ML Simon, Eau Clais,
Knoy and Trenion rarmations indicatas that the Paleozoic section has not heen faulied in the

vicinity of thea INEQS facility and tharefore the injeclion Zone I8 not structurally compromised.
Welisiie Lithology
properties of the injection Zone

The injeciion zone at ine INEOS site is comprised of the Wi Simon Sandstons and Eau Claire
Formation, and in soMe walis the Precambrian Widdie Run Formation, The INEOS injection 20n2
was subdividad into a number of different intervals in orderf 0 consarvatively ovel ectimats the
gross injection ZOne hehavior, 1nese intsrvais are definad polow, The injsciion Zone and these
imarvals as appliad © Ne INECS injzction welte are fllustraied in Figures 4.36 and 4-37, and
Orawings 4-4 and 4-5.

Bepmitied injection interval
The portion of the injection zons into which he wastewater is directly placed. At INECS Lima,
ihig corresponds 1o the opanhole portion of the injection walls.



Effective injsction Interval

The portion of the injection zone nat direcily receives the injected wasiewater ftom any of the
INEQS Lima walls at 2 radial distance from 2 wellbore,  This contains she modeled injaction
imterval  The dimansions of the effactive injection interval are graater than the parmitiad injection
interval because of the potential jor verical fluid fiow in e rejatively low-parmzability siraia
immediataty ovarlying and/or underlying the permitied injection interval

Passive injection Interval

The passive injection interval wes dafinad by INECS in ordsr 1o conceptualize @ conservaiive
oredictive model.  This interval consists of the strate above the modeied injection interval
undeartying the arrestment sirata (containment imterval). This intervat does not directly influence
the injection interval reservoir behavior during the injeciion activities due to its low permeability
and porosity (resarvoir) properiies. Howsver, since the DSTs conducied in WDW No. 4 indicate
the potential for injectats in this passive injection interval, it has been included in the effsciive
injection intervat. '

fhodeied Injection interval
The portion of ihe =fectiva injaction interval that directly raceives the injecied wastewaierl and

pogsasses the ragervolr properiies that govern ihe injection pressure re modeled injection

intarval and fhe passive injeciion interval sorrm the efizciive injgcuion interval.

frrestrment Sratz
The strata above the sffective inisction interval that impedes vartical suid movemnant from the
offective injection intarval. Al modzled vertical transpon of injacted wasiewatel components will
he contained within the arrestment strate {containment intel ral) for @ minimum of 10,000 years.
Figurs 4.36 sumrmarizes information for this interval, :
The discussion of the 1ocal walisiie lithology of the shree formafions representing ihe injection
_zone {Middis Run, Mt Simon, Eau Ciaire) focuses on results obtained from coring the
siratigraphic test wall (WDW No. 4y, cuitings and geophysical 109 data obtained on all four
injection welis, A lithologic composiis jog graphically displaying the core descriptions 18 included
25 Appendix 4-7.
The measurad and subsea dapths along with tormation: fhiCkN2Ees comprising the injection zone
{and all panstraied iormations) is providad in Table 4-5.

Middis Run Formation (Frecambriar) _

s Mustrated in Figures 4-35 and 4-37 ang Drawings 4-4 and 4-5. ths lowermost portion of the
inizction infarval tes within the upparmost part of the Widdle Run Eormation.  The fop of the
Sracambrian was not peneiraizd in WDW No. 1. The largest armount of Middle Run drilied was in

the strafigraphic test wall (WDW Mo 4}, This saction will bs discussad balow.

= Widdis Run was sored in WDW No. 4. The jotal thicknass of the

A fotal of 2555 feet of 1
o unknown 2s the formation was not complstaly penetratad.

wiiddiz Runi



The contact between the Middie 2un and fhe overlying Mt Simon Is characterized by an abrupt
lithologic change om & congiormaratic sandstone in the Mt Simon to & fine grained argiiaceous
sandsions with no visible intergranuiar porosity ai the top of the Middle Run. The overall Middle
nun section in the WDW No. 4 consists of interbedosd sandstone and siltsione ranging in
thicknass from 30 1o 60 feetl.

The sandstons is generally & madium o dark reddish brown, argillaceous, _
grained QUBMZOSE feldspatnic sand (se2 Photo G-1, Appendix 4-8). The sandsione IS
occasionally cross-bedded.

Bagding strike 8 sirongly orienied =mst-west with isss than 30 degrez dip, generally fo the south.
Natural and induced fraciures are prevatent throughout the core. 10 general, the silistone units
comizin 2 greater overall parceniage of ihe open. pariially open and mineralized closed netural
fracturas than do the sandsione layers,

Wit Simon Sandstons

The Mt Simon Sandsione averages 340 fzat in thickness ai the INEOS facility and comprises the
main portion of the imjaction interval Lack of wall control prevents & local isopach map. A
regional isopach is providad (Figurs 4.7 Janssens, 1973) Sue io the gradaiionsl nare of the
contact with the overlying Eay Claire Formation, ihe top of the Mt Simon was correfated by
rapresentatives from ODNR and INEOS basad LPON & FEView of log and core caid (Rea and
Wickstrom, at al, 18811 Al of the cross-saclions provided refiect the praferrad correlation of the
ODNR that difiers from Janssens (1873). Figure 4-9 displays the correlation of Sased, 2002,
Despite ihe differing opinions on he ML Simon thicknzss, e regional isopach is ugeful for
displaying the ovarall lateral exient of the Wit Simon.

The Mt Simon regionally lies unconformably upon ne Wiidddle Run. This is evident by the abrupi
change from the poorty sorted, heterogenous, anguiar, well cemanisd rocks of the Middie Run
and the lighisr, homoganous. \ese comented partially friable besal sandsione of the Mt Simon
(Sased, 2002} The paucity of tigally influsncad and biogenic features in fhe Middle Run and 28
opposed o the ML Simon, is also evidence for the unconformity (Saeed, 2002), Additional
svidence for the unconformity is noted by Wolfe (1823}, He notes the absance of the Middie Run
in some regional seismic sactions which suggesis & tong pariod of arpsion prior 1o ML Simon
deposiion. Insoms saismic ines evidence of 2 low angle unconformity axisis.

The Wi Simon ai the site can bz divided into Iwo fithologic packages relatad io depositional
anvironment based on Core descriptions (WDW Np. 4), The lower portion of the ML Simon {2870
— 3153 represents & fluvial-detizic environment with increasing maring influence iowargs the 10D
of the saquance. The uppet porion (2813" - 2870 represenis 2 ransitional marine sequence

characterized by the presence of gizuconite, Saasd's interpraiation s provided 23 Figuie 4-8.

Eor the purposs 0 modsling, the ML Simon Sandsions was subdivided into thrae layers (Drawing
4-4_ and Figure 4-37).



The WMS, layer in WDW No. 4 exiends from 2870 feal o the Middle Run comtact &t 3153.5 feel
The top of the MS, layer approximaies Saeed's {2002) WK Simon 10p. This injsrval 18
gistinguished by 1 1o & inch thick interbedded dark red, white gray and tan sandsione {Photo C-2,
Appendix 4-8), Hematite staining is present in dark red layers, which are very fing o vary coarse
to pebbiy and occasionally conglomeratic, indicating non-marine deposition. The white, gray and
tan layers are typically medium-io-coarse grained sandsiones which are angular and friable with
good 1o excellent poresity, This fayer is extensivaly cross-beddad. '

The WS, layer in WDW No. 4 (2840 - 29707) contains interbeddad white-gray, reddish-brown and
ian sandstones and silistones (see Phoio C-3, Appendix 4-8), This layer 15 charactarizad by
sbundan: disconiinuous ciay compaction layers anc laminations. Bioturbaiad, glauconific, very
fine to medium grained feldspathic and guarzoss sandsiones are oresent along with some
interbadded shales. This layer represents @ transifional, increasingly maring anvironment of
deposiion.

The MS; layer (28007 - 28407 consists of predominantly clay-rich sandstons with interbedde
siftstone and is gradational with the overlying Eau Claire. As discussed praviously, the ODNR
pick for the contact is DR13 feat in WDW No. 4. The sandsions is typically whits 1o ian and light
io rust brown, vary fine to fine grainad, wall-soried and subangular 1o sub-roungad {sze Photo C-
4, Appendix 4-8). As in MS,, the sandsione is seidspathic and quarizose. Near the coniast with
she Eay Clairs, glaconiie comprises up o 80% of the mairix, indicating rmarine conditions. This
wyer is very argihaceous, Thig is the primary control of sfiaciive nei porosity 23 effective net
poresity increa

L

<=3 with decraasing clay content.

The Wi Simon Sandstons COre contains few natural fractures, Two {ypes observed are partially
open ang closed natural fraciures. These are prasent only inthe MS, Layal,

Eau Clalre Formation

The Eau Claire averages in 382 fest thickness at the INEOS site. Lack of well control prevents 2
iocal isopath map. A regional isopach is provided a5 Figure 440 Ac discussed praviously, the
contact between the Mi Simon ang Fau Claire is open {0 interpretation.  Thus the EZau Claire
thickness utilized in the parmit s diferant from Janssens (1673). Howsvear, the regional isopach
s useful for displaving the overall iateral extent of the Eau Claire.

re discussed in the Regional Stratigraphy section, the Eau Claire represents depesition in 2
fransgressive Manng sequences. The besal poriion (gradational with Mt Simon) is characterized
by giauconitic sandsiones. which grade to dolomific sandstonas and dolomites in the middie 1o
dolomiie and mudstonss near the top of the formation. The uppsr coniact is also gradational with
ihe overlying Knox Dolomite. The contact was picked by repraseniatives from ODNR and INEOS
(Raz and Wickstrom, at al, 1821).

For modzaling purposes the £au iaire was subdivided Info six laysrs based on core and

E
geophysical jogs (Drawings 4-4, 4-5, Figurs 4-37).

4-17



=(, is 25 feel shick in WDW No. 4 an¢ consisis of intetbedded white, gray and light brown
sandsione and medium gray sifsione. Sandstones are very fine to madium grained, sub-rouncad
io sub-anguiar and are seidspathic and guarizose. NUMSIous cigy-rich iaminations occur {see

Photo -5, Appendix 4-8}. The base of this laysr is glauconitic, Efiecive nat porosity 18 controlied

£(, is approximately g5 feat to 100 feet thick and is cornprised of dolomits glauconilic sandsions,
argiltaceous sandstone, siltstone and dolomite. The sandstong is light to dark gray of tan, very
fine grainad and 18 sub-anguiar o angular. The sandsiopnes are predominantly fzldgpathic with
‘some guariz and glauoniie present. Clay jaminations are common (Photo C-6, Appendix 4-B). in
sadition 1o clay content, the armount of guarz ovargrowihs contro! porosity and parmaability.
Crystaliing dolomiies ocour 28 hin medium gray o brown siringers.

EC, consists of dolomitic, glauconitic sandsiones approximately B0 feat in thicknsss., The
sandsiona iz medium gray brown, very fing 1 madium grainad, sub-roundad to sub-anguiar and
well cemeaniad with dolomite and quarz pvergrowins (Phoio C-7, Appendix 4-8). Egual amounis
of guarz, feldspar and glauconific grains ars present.  SOME secondary leachsd porosily 18
nrasan and as weall was intergranular primary DOrosity.

BEC,is approximately 70 jabt in thicknzss and e composed of argillacsous dolomite limeasions
ang siiiy shale. The dolorite is dark gray, medium crysialiing, siity and glauconitic in parn and
kas low poresity (Photo C-8, Appendix 4-8). Dolomitized, skeletal grainsiong is also pressnt
Argillaceous silistons fgyers with 0o visibie pors space are interbadded within this layer,

EC; coniains & net shate thickness of 58 feet with thin inierbads of sily dolomitic limesione, This
igyer has 2 isfipciive seismic signiature and wes the mapped reflecion. The shale is dark gray 1o
plack and is largely comprised of iliite. Tha limesione s medium o cark brown, medium o
coarsely crysialing, parially dolomitized and compesad of fing skeimtal fragments, peloids,
giauconits graing and ierrigenous silt This layer has valy low effeciive nat porosity and
parmeability.

EC, is a crystaliine dolomits interbaddad with mighly mioturbated zones of argillaceous siitsione
and argiiacaous giauconitic and dolomnitic sandstons (Photo C-10, Appendix 4-8).

The delomite s dark gray, madiurn crystaliing, arenaceous and glauconitic in paris with very iow
porosity, The sandstones are dark gray to brown, vary fine fo fine grained, anguiar 10 sub-
anguiat and cermeaniad with dolomite.

The Eau Claire lacks natural macro-fraciurss nelow 2581 fealin WDW No. 4. Some closed and
mineratized closed raciures ware found in BC4 ECs and ECe.

A getailed discussion of porosity and parmaabliity within the thres tormations comonising tha
injection zone will be provided in the ansuing section.



TABLE 4-5

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

v INEOS
WIDW No. 4
INECS INECS INEQS {Stratigraphic
WOW Mo % WOW No. 2 WDW Ne. 3 Test Weil)
{56 {FE {m {1
KB : 872 BH4 856 B72
Salina Group 3ze NAY MNA, 51
(undifferentiaied! + RAQP + 811
178" 51
Lockport Group 210 200 204 212
+B62 + B4 +BB2 + &80
13 g7 100 104
Supb-Lockport 308 287 304 318
Group + BE4 + 857 +552 + 555
81 5 [%=] 57
Cinginnat Group 368 382 - 382 373
(undifterentated) + B3 + 502 - 4834 + 488
BB3 282 BET 585
F Tremion : 1252 1244 1251 1782
-380 -380 -384 ~280
172 178 175 174
Biack River Group 14265 7498 1428 1436
-554 -B8% 570 564
A83 401 380 401
Wwalls Cresk 1808 7820 TR08 1837
Farmation -537 -B56 -250 -565
12 30 10 T8
Knox Dolomite 18219 18250 1818 188D
-948 -2%8 -280 -583
805 588 808 575
Eay Claire 2430 2418 2422 2430
Eormation -1658 -1564 -1871 -1558
380 382 382 383
| AL, Simon 2810 2800 2803 2813
Sandsione -1838 -15846 -1847 -1841
344 337 ' 340
Precambrian DN 3144 3140 3153
{viiddie Run -2280 -2284 -2281
Formation)
Total Depth 3133 3172 3185 2408
- Measured depth to top of unit with respect 1o KB. s pA = ROt zvailabie.
b Subses gepth 1o 1op of unit. : DNP = digd no1 penswale.

¢ Thickmess of unit,
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GENERALIZED, REGIONAL STRUCTURE CONTOUR MAP
DRAWN ON TOP OF THE TRENTON LIMESTONE
(Modified from Cohee’ 1962 Paramo, 2002)
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FIGURE 4-2

Akron Magnetic Boundary
Seneca Anomaly

Coshocton Zone

Sort Wayne Rift
Sputhwestern Ohio Anomaly
Grenville Front Tectonic Zone

REGIONAL PRECAMBRIAN GEOLOGY

ODNR, ODGS MAP PG-23

(Baranoski, 2002}
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pood imercrystatine porosity, vupular
o pan.

inleroedted sandsions, sigtone,
angd doiomie, fine to Medium grained
sandslone near the base baooming
maore delamiiic up seclisn. Poor o

pood porosily,

Sandsiong, fine to corrse prained,
eonglomeratic and hematic in part.
rossWbedded. Poor e very pood

poreshy. Minor sitsions inlefoads.

Interbedded sandsiane and siisione,
Sandslone are red 1o brown, fing-
pratned, quant and jeidspalhic and
weal induraled, Shistones, red o
brown, vary arpilaceous.

SCaLE 1 asy

GENERALIZED STRATIGRAPHIC COLUMN

(Lima Stratigraphic Test Well)



INEOS USA LLC
Lirma, Chio
WDW #2

ATTACHMENT B

It. Fracture Pressure



8.t

FORMATION TESTING PROGRAM
General Comments Regarding Updates for the Renewal Application

The conclusions of this section remain basically unchanged from the October 2004 UIC
permit renewal submittal. This section has been updated, as appropriate, based on
published literature, site operating history, test results, and datz analysis conducted in
ragards to the INEOS injection well activities betwaen September, 2004 and April, 2010.

INEOS ran an extensive suite of logs on WDW No. 4 o establish accurate baseline data to
compare future measuraments. The complete list of open and cased hole logs conducted
on WDW No. 4 are summarized in Tabie 8-1. Table 8-2 summarizes the geophysical
open hole logs run in WDW No. 4 and the function of the log. Table 8-3 presents the
cased hote logs run on WDW No. 4 and Tabie 8-4 through 8-7 is & summary of key togs
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. £ are summarized below:

DATE DEPTH () DEVIATION DEG.
3/13/81 208 Ye
3/13/81 400 V2
3/19/91 711 1 Ve
3/29/81 1,200 1 Ve
4112/91 1,877 Ve
424191 2,173 Va
5/5/91 2,676 Ya

7118/91 3,409 Va

These deviation surveys confirm that the hole drilied for WDW No. 4 is very nearly vertical
=5 wouid be expected from a hole which was fully cored. The deviation survey
maasuremants were confirmed by the downhole core orientation tools run during the
deeper coring activities.
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The surface casing logs run on WDW No. 4 are summarized below!
Original Core Hole (8% in.} Depth: 710 f KB '
Final Entarged Hole (20 in.) Depih: 720 ft KB
Surface Casing: 16 in. 65.0 Ib/ft H-40 Range 3 S7C

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

Dual Induction/SFLUGR

Natural Gamma Ray Spectrometry

Array Sonic/STC/GR

Sonic Waveforms/GR

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

The cased hole logs are described In Appendix 8-6 of this application and have besn
submitted o the OFPA in past correspondence.

The geophysical logs run on the intermediate and long siring casing in WDW No. 4 are
summarized below, These logs have been submitied to ihe OEPA in pasi
correspondance.

intermediate String Casing Logs

Original Core Hole (8% in.} Depth: 2876 1 KB

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

intermediate String Casing! 58 joints 10-3/4-in. 51 Ibfit L-80 Range 3 ST&C
g joints 10-3/4-in. 40.5 Ib/ft J-55 Range 3 ST&C

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

Phasor induction/GR

Natural Gamma Ray/Spectrometry

Array Sonic/STC/GR

Variable Density Log

Formation Micro-Scanner

Fracture identification Log



Open Hole Logs (5/11/9%) - Atlas

CBIL/GR {Circumference Borehole Image Log)
Cezsed Hole Logs (6/2/81) - Atles

Cement Bond Log/VDL

Casad Hole Logs (B/19/91 - 6/20/21) - Schiumberger
Cement Bond Log/VDL

Cement Evaluation Log

Temperature Log

Cased Hole Logs (7/17/91 - 7/18/81) - Schiumberger
Cement Bond Log/VDL {Under Pressure)

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

Long String Casing Logs

Original Core Hole (82 in.) Depth: 3220 ft KB
Final Enlarged Hote (8% in.) Depth: 3160 # KB
Long String Casing: 7 in. 23 ib/it N-80 Range 3 LTC -

Open Hole Logs (6/18-6/20/€1) - Schiumberger
Compeansated Neutron/Litho - Density/GR

Dual Laterolog/MSFL/GR

Phasor induction/GR

Natural Gamma Ray Spactrometry

Array Sonic/STC/GR

Varigble Density Log

Open Hole Logs (6/29/81) - Allas

CBIL/GR (Circumference Borehole Image Log)
Cased Hole Logs (7/23 - 7/24/91) - Schiumberger
Cement Bond Log/VDL

Cement Evaluation Tool

Cement Scan Log

Cased Hole Logs (9/26 - 10/3/81) - Computalog

Fiow Spinner Log
Production Temperature Log
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INEOS conducted the inifial mechanical integrity tesfing for WDW Ne. 4 from Seplember
15 through October 26, 1882, The guidelines used initialty by INEOS for mechanical
integrity testing are summarized in Appendix &1 of this appiication. The data and resuls
srom this testing are included in Appendix 8.5 The data and results contained in Appendix
8.5 demonsirated that there was no fiuid channeling bahind the casing and that the
injecied fluid was entering the injection interval as designed. That data demonsirated the
initial mechanical integrity for WDW No. 4. Mechanical integrity demonstrations have
been conducied on WDW No. 4 sach year following that initial demonstration, starting in
1994 when that injection well was commissioned as an injection well.

The Lima Stratigraphic Test Well (WDW No. 4) was cored exiensively 1o obtain site-
specific data for the INEOS site. Over 2 250 # of 4-in. core was obtained and submitied to
2 variety of testing including air permeability and porosity, liquid nermeability and porosity,
and elecirical property tesis.

Formation 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 to be analyzed
to determine reservoir properties. BP Exploration (BPX) also anatyzed DSTs. The BPX
analyses are considersd o be more representative sincs they incorporated the full test
history in each analysis, including the swab runs and the volume of Buid proau
“ormation fluid sampies from the DSTs were analyzed for index organics {acrylic acid,
acrylamide, acetonitrile, and nicotinonitrile) and index inorganics {ammonia-N, caicium,
sodium, chloride, magnesium, sodium, and sulfate); and conductivity, specific gravity, total
dissolved solids (TDS), pH and alkalinity were measured.

Erom the data reported during the drilling of WDW Mo, 1 in 19688, the mosi reliable
measurements indicate a value of 1,050 psia at 2 783 #t KB is a reascnable estimate for
the original Mt Simon Sandstone bottom hole pressure (BHP) (0.38 psifft surface
gradient). The original surface gradient at the Lima Stratigraphic Test Well (WDW No. 43
during the driling in 1981 was 0.46 peifft, representing 2 net pressure mncrease of
approximately 230 psi at this location due to injection activities.

Fiuid temperature, pH, conductivity, and pressure date were coliected during the DST
testing discussed above. The stabic fluid leval of the injection zone can be calcuiated from
the pressure data collecied from the NSTs. The pressure data are more accuraie than
static fluid level measurements. Two formation fluid samples were taken which were



befieved to represent native Mt Simon connate waier one on February 25, 1968 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 to several contradictions in the parameters, and
it s belisved that thiz was a contaminated sample, Dus {0 the absence of any quaniifiable
organic analytical parameiers, the sample coliected during DST No. @ is believed o be an
uncontaminated Mt. Simon connate water sample. The data from these wo analyses are
‘presented in Table 8-8. The specific gravity of fluid taken from DST No. 8 is piotied with
respect to other Mt. Simon formation fluid analyses in Figure 8-1.

Under Ruie 3745-34-58(A) of the State of Ohio Administrative Code for Class | hazardous
waste injection wells if is stated that: '

Except during stimulation, the owner of operator of a Class [ injection well shall assure
that injection pressure at the wellhead does not exceed a maximum which shall be
caloulated so as to ensure that ihe pressure in the injection zone during injection goes
not initiate new fractures or propagate existing fractures in the injection zone. The
owner or operator shall opsrate a Class | injection well such that the Injection pressure
does not initiate fractures or propagate existing fractures in the confining zone, OF CaAUSE
the movement of injection or formation fluids into a USDW.
A variety of tests were conducted in the Lima Strafigraphic Test Wel
the fracture characteristics of the injection and confining zone. The siress profile has been
determined from micro-frac stress tests in the injection and Confining Zones and from an
analysis of uniaxial strain core tests. Other datz have come from an analysis of
geophysical logs and from iensiie fracturing of the welibore. 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 Ne. 3. Analysis of these data was used to
define a safe maximum operafing pressure for these injection wells. This analysis
determined that the previously (pre-1922 permits to operate) permitied maximum
operating pressure of 844 psig meets the requirements of Rule 3745-34-56(A) of the Ohio
Administrative Code. An analysis of the historic imjectivity performance of the axisting
injection wells at pressures at and above this value of WHP, confirm that at this pressure
fractures are neither initiated or propagated. indeed this analysis indicates that the
injection performance of these welis at these pressures is dominated by formation
plugging.  This information was nresenied in Appendices 5-1, g-2 and 84 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 fina! decision to grant INEOS an sxemption from the land disposal restrictions of



the Hazzardous and Solid Wasie Amendments of 1984 (HSWA) regarding the injection of
hazardous wasies on May 7, 1982 (Federal Register Vol. 57, No. 105, page 23084). This
decision determined that INEOS had demonstrated fo @ reasonable degree of certainty
shat there will be no migration of hazardous constituents from the injection zone for as long
a3 the wasie remains hazardous.

Eracture initiation data have come from breakdown pressures srom the micro-frac tests in
the Lima Strafigraphic Test Well (WDW No. 4), and from fracture ireatments in WDWs No.
41 and 2. These data-are summarized in Table 8-9. injeciion at surface pressures less
than 990 psi will ensure that new fractures are not inthated in the injection interval,

Extension pressures are more difficult to deduce from the micro-frac tests performed in
WDW No. 4 since these were performed in high permeability zones by injection into a
restricted, packed off interval. As 2 result, pressure data which may appear io indicate
sracture extension may actually be a result of flow through a fracture around the packers
and into the welibore. The pressure rise in the upper and lowsr guard intervals of the
packer assembly indicate that #his is the case. The apparent fracture ex{ension pressures
feom these tesis do, however, indicate lower bounds for these vatues which may be used
to verify the propagation pressures obtained from other sources.

Nats on fracture extension pressures in the Mt Simon can be estimated from the results of
the mini-rac tests performed on WDW No.1 and No. 2 prior to the hydraulic fracture
stimulations performed in 1988. The results from these iests will be estimates, since these
mini-fracs were performed with gelled fuid rather than water, and since wellbore extension
pressures will vary with the size of the fracture and the degree of fracture plugging. Since
friction pressure drop will increase with fracture length, and since fracture fip plugging by
enirained solids will increase propagation pressures, the welibore pressures estimated
from these mini-fracs are fikely to be lower bounds.

The pressure-fiow rate history during the mini-frac on WDW No. 1 s shown in Figure 8-2.
Continued pumping at rates above 9 bpm requires a WHP of greater than 1015 psi. Fora
depth of 2800 feet and a fiuid specific gravity of 0.442 psi/ft, this corresponds 10 & BHP of
2250 psi, or 2220 psi if a friction pressure drop of 30 psi is assumed. This corresponds to
a pressure gradient of 0.793 psi/ft. Data for the mini-frac in WDW No. 2 are shown in
Figure 8-3. Here a WHP of about 1050 psi is required for pumping 30 bpm. Af these flow
rates the pipe friction pressure drop will be about 200 psi (Haliiburton Services Data).
Allowing for this, and the hydrostatic head of 1235 ps, gives a BHP of 2085 psi at 2800
feet, or 0.745 psi/ft.
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These data together with tower bound micro-frac data are summarized in Table 8-10. itis
apparent that the lower bound extension pressure corresponds to 0.745 psifft., or a2 BHP of
2085 psi at 2800 feet. For a 0442 psi/it. fluid column and 2 30 psi pressure cifop (Table 8-
13) this corresponds to a WHP of 880 psi. A more reasonabie estimate is probably the
average value from the mini-fracs of 0,769 psifft. This corresponds fo 2 BHP of 2155 psi
at 2800 feet, or a WHP of 950 psi.

These data are confirmed by information on the injection history of WDW No. 1, No. 2 and
No. 3 and by modeling of the injection response. it is apparent that despite injection into
ihese wells at surface pressures up fo and above the current maximum permitted wellhead
pressure of 844 psi, no fracture exiension has occuried, as discussed in more detail later
in this section. This is true even after the hydrauiic fracture stimulations of these wells in
mid-1988. These fracture stimulations gave sither no, of 2 minor increase in injectivity,
and any increase was quickly nagated by formation plugging. Modeling of injection into a
300 § fracture at 204 gpm indicates that the pressure buildup due fo injection at the
prescribed rates is insufficient to maintzin 2 300 ft fracture length, and fracture shrinkage
actually can occur.

Closure pressures have been getermined from data from WDW No. 4, Relevant data from
this well are given in Table 8-11. melevant data from this well are given in Table 8-12,
inciuding information from the minifrac treatments in WDWs No. 1 and No. 2. From this
data, a conservative estimate of the in-situ stress gradient in the injection interval of 0.68
psifft can be made, corresponding io an equivalent WHP of 685 psi at 2,800 ft or 770 psi
af 3,108 i

The various data for closure, propagation, and sreakdown are summarized in Figure 8-4,
and Table 8-14 together with gradients for these parameters based on average data for
the microfraciure and minifrac iests. Besed upon these data, and the requirement that
new fractures should not be initiated nor exisiing fractures propagated, a maximum
permissible VWHP of 844 psi was established. The BHP fine for this WHP, calculaied for a
minimum fuid pressure gradient of 0.438 psifit, an average fluid pressure gradient of
0.444 psifft and a maximum fluid pressure gradient of 0.455 psiffi., and neglecting friction,
are also included in Figure 8-4.

Table 8-14 gives the BHP's for a maximum WHP of B44 psi over the expected range of
injectate specific gravity of 1040 - 10.50. The BHP is caiculated without any aliowance for
friction at depths corresponding to the approximate depths fo the bottoms of ihe casing in



WDV Mo. 4, WDW No. 2, WDW No. 3 and WDWVY No. 4 and is compared o the estimated
minimum values of closure, propagation, and initiation pressures at those depths. These
values indicate that the proposed maximum permitied operating pressﬁre meets the
reguirements of Rule 3745-34-58(A) of the Ohio Adminisirative Code, since it is basea on
site spacific data and is!

e at least 302 psi and probably 332 psi befow the WHP which would be
estimated (conservatively) 1o inftiate new fractures;
o at least 37 psi and probably 67 psi below the WHP which would be estimaied
(conservatively) to propagate existing fractures.
Table 8-14 aisc shows the caiculated BHP rangs, neglecting friction, for & depth of 2640
feet, corresponding to the top of the passive injection interval as defined in the No-
Migration Pefition. The BHP's at this depth are significantly overestimated since fluic at
this level will have experienced a significant pressure drop in flowing through any
permeable pathway. Nevertheless, even this highly conservative estimate of BHP only
exceads the estimated minimum propagation pressure by 15 psi for the case wilh
Cmaximum  injectate specific gravity. Hf friction 1s sccounted for even this highly
overestimated pressure at 2640 fest will not evcesd the minimum estimated propagation
pressure.

An additional safety margin is provided in the way INEOS operaies the injection activities
to ensure that the maximum permitted welihead pressure is hot exceeded. The current

systemn operating parameters are as follows:

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

These operating reguiremants orovide an additional margin of safsty between 17 and 30
nsi under the permitted maximum wellhead pressure. These control and atarm set points
are not intended to be incorporated a8 permit conditions and INEOS requests the flexibiiity
to adjust these control and alarm set points as required, based on the facility's operating
experience, {o ensure refable equipment operafions.

The permitied maximum WHP exceeds the estimated closure pressure by 70 psi at 3,150
to 158 psi at 2,800 feet. Data from the borehole televiewsr log run in WDW No. Z in 1988
immediately after the fracture freatment indicated that there were no verfical fractures
above 2 903 feet. Verlical fraciures are seen from the bottom of the logged interval (3,082
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feet) up to 2,903 feet. At this depth the propesed WHP exceeds the conservative closure
pressure by 132 psi.

INEOS acknowledges that closure nressure may be a reasonably conservative pressure
for new operation with little experience or data 10 base operaling pressure on. However,
given the 26 years of axperience in operating this fleld, including data on the behavior of
nlanned stimulations, the high guality of data from ine Lima Stratigraphic Test Weill, and
the demonstration of containment presented in the No Migration Demonstration submittal,
INEOS believes thai for this site such 2 fimitation is unwarranted {o assure that & fracture
is not initiated or propagated in the injection zons. AN abundance of data has been
presented at the Lima site, the most important of which is the demonstration of
cortainment ovear the 20 plus years of operating experience at this site.

This experience can be analyzed in terms of the daily injectivity index and the cumuiative
injection performance of WDW No. 1, WDW No. 2, and WDW No. 3. Neither of these
analyses indicates any increase in performance which could be related to fraciure
propagation even after the hydraulic fracture ireatments in mid 1988. On the contrary, the
records indicate a reduction of performance siributable to formation damage, at injection
pressure levels at and above the current maximum operating pressure. The injection
nistory for INECS Lima injection wells is contained in Appendix 2A-3. The tabutation of
the data used in the Hall plots is contained in Appendix 8-3.

Figures 8-5 through &-7 show the injectivity index for the three injection wells. This indax
is calculated as the average injection rate divided by the average WHP. I is controlled by
the permeability X thickness (kh) product of the tormation, and the skin. Any increase iy
kh, or reduction in skin, which would ocour if fractures were being propagaied, would be
seen as an increase in injectivity. WDW No. 1 (Figure 8-5) shows a gradual decrease in
the index from October 1888 1o April, 1981, Al this fime, the wel was cleaned up using a
chemical treatment leading o an immediate increase in injectivity index. Since that fime
the index has decreased to ciose 0 the historic valuas. WDW No. Z (Figure 8-8) shows
an essentially constant index as does WDW No. 3 (Figure 8-7) up to mid 1991, Since that
tie, howeaver, WDW No. 3 shows s reducing injectivity. MNoie that these decreases in
injectivity are ocourring at wellhead pressures up fo and above 800 psi.

These 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 relationship:
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This analysie tool is routinely employed by oil field water-flood operations as the primary
control tool to determine that an active operating injection well is not propagating 2
sracture.  This method is preferred for water-flood control, where close conirol 1o avoid
fracturing ts critical, because it is viewed as ihe best indication of fracture propagalion. A
propagafing fracture wilt lead to an increasing negative skin. For example, an infinitety
conductive fracturs growing from a length of 7.5 faet to 150 fest over one year (0.39
seet/day) will iead to a skin change from 340 -6. The effect of this on a Hall pict is shown

in Figure 8-8. Conversely, a positive increase in skin due o formation damage will show
25 an increase in siope.

Figures 8-9 through 8-11 show the Hall plots for the three injection wells for data from
1068 through June, 1882, The Hall plot trends for all wells (Figures 8-8 to 8-11) show
sarly constant slopes, then a general increase in slope due to formation damage. Clean
up of WDW No.1in 1874, 10814, and 1981 and of WDW No.2 and No.3 in 1887 and 1990
shows some knprovement in injectivity, but this improverent is soon lost to additional
formation damage. The intentional hydraulic fracturing stimuiations in all wells in 1988 has
zn insignificant effect on injectivity. Simitar trends are seen in the injectivity index plots in
Figures 8-5 fo 8-7. There are no indications in any of these piots of the increasingly
negative skin which would be associated with fracture propagation. t should also be
noted that the injectivity of all of these wells indicates & iower kh and a more positive skin
shan found in the Lima Siratigraphic Test Weil  This is characieristic of injection welis
dominated by formation damage not by propagation of fractures.

Additional support for the tack of fracture propagation at historic injection pressures comes
from the various ransient fali-off and step rate tests parformed on the site injection wells in
1988 and 19871, The analysis of the transient pressure talioff tests in WDW No. 4 have
consistently shown & skin on the order of -4 which is afiribuied {0 the pressure sensifive
permeability of the main injsction horizon. “Note that this result comes from ithe faliof
portion of the testing during which any injection induced iractures will close and not be
refiected in the analysis. '

The step rate test for this well (Figure 8-12) show a curve which has bean analyzed as
being a result of 2 pressure sensitive permeabiiity in the predominant injection zone (2,870
- 3,020 feet). This conciusion was reached for a variety of reasons. Of noie here are that
the pressures in the step raie test were well below the measurad closure stress. The
negative skin in this well is therefore 2 direct expression of the nature of the injection
norizon and is not related fo any propagation of fractures during the injection into this well.
The siep rate test for WDW No. 2 and 3 show z very simitar form to that for the



stratigraphic test well, with similar final siopes at higher pressures (indicating stmiiar ki),
although the curves are gisplaced upwards due 10 the sffects of a reduced permeability
zone around the wellbore.

The phenomena of pressure sensitive permeability parmits the continued injection through
this damaged welibore radius. This phenomena is distinguishable from the nropagation of
fractures and has been demonstrated at Lima through both fundamental core testing and
wek transient 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 hydrauticalty
tactured in 1988, WDW No. 1 shows quite dissimitar behavior, primarily because injection
here Is predominately info 2 difierent zone, However, thers are again no indications of
fractures in these tests. These points are discussed in more detall in Appendix B-2.

Updats on Lima Site Well Pasformance and Operafing Pressurs lssuss

Table 5-3 summarizes the resuits of aft of the historic pressure falloff iesis conducied with
the Lima injection wells since the No-iigration Demonstration. The overall review of the
tabie of well test summaries indicates that the native in-situ formation permeability within
the fimited wellbore region investigated by these tests is on the order of 35 ma. This value
for average it. Simon permeabiiity is consistent with the core data obtained from the Lima
Stratigraphic Test Well Project, considering the exient of pluggage experiencad in ihat
region from the historic injection activities. ¥When considaring the effects of the historic
injeciivity on the near wellbore regiong, the resulis of the analysis of this exiensive data
indicates a wellbore region formation permaability thickness product of 12,500 md-it (35
md permeabiiity). This value is reflected in the outer ring permeabilities from the WDW
No. 4 tests and the calculated permeabiiities &om the historic injection wells following
formation clean-up programs. The results from the analyses of the historic site injection
well iests refiect the level of near wellbore pluggage and resuliant loss of permeabiiity near
wellbore for the existing three injection wells and the counter-balancing effects of the
sormation clean-up programs. The iatest results indicate that INEOS has been successtul
in keeping the site injection wells close to their base capabilities through the ongoing
clean-up programs based on 2 review of the calculated inner ring permeabilities. The
comparisons of these tests confirm the genaral observation, though, that the Lima injzction

wells are experiencing progressive formation pluggage which is apparently continuing over
time.

Two other important observations can he made from this data. The first regards the
performance of piant injection well WDW No. 1. By 1990, this historic injection well had a



capability of approximately 75 gpm at & walhead pressure of greater than 800 psig.
Following a series of chemical clean-up aciivities fo remove the pluggage in the near
wellbore region, the capacity of this injection well has steadily increased, Currently, the
capacity of this injection well is approximately 135 gpm at 700 psig weilhead pressure,
more than was previously thought possibie based on the injection step rate iests
conducted in 1988, With the improvements fo the fiters but less freguent clean-up
sreatments the effective capacity of these injection wells has not decreased significantly
over the past five year period.

The other data submitied to the Ohio EPA during the period foliowing the previous
submitial of the UIC permits to operate application was the conducting and detailed
evaluation of a significant number of temperature logs run on zlt four INEOS injection
wells. The method by which INEOS conducts these temperature fogs provides a good
opportunity fo investigate for fracture fiow and veriical migration of injected fluids. The
evaluations of all of these femperature logs show no indication of vertical migration of
fiuids from the injection zones. INEOS engaged Dr. Richard M. McKiniey, a private
consultant, o interpret the subject logging program. . Dr. McKinley is a consulfant
specializing in the technology 2ssociated with ‘production logging operations  and
interpretations. He ratired as 2 Research Advisor from Exxon Production Research
Company at the end of 1983 after more than 30 years in the oil and gas indusiry which
was devotad to formation evaluation in general and o production logging in particular.

Or. McKinley's undergraduate and graduate work was intersparsed with periods of
employment with the former Humble Oil and Refining Company. He obtained a BS in
Chemical Enginsering from the University of Alsbama in 1955 and a Ph.D. in Chemical
Engineering from Purdue University in 19584, From that time through 1964 he was on the
staf of the Mechanical Engineering Department at Purdue University. He then returnsd as
3 parmanent staff member of Exxon's production logging department. When Ess0 ceased
all logging operations of its own in the early 1870's, Dr. McKinley organized the company
{raining course on production log interpretation. This course remains one of the highest
rated schools in the company's fraining program. Dr. McKinley also authored the
company manual on production iogging.

With Dr. McKinley potentially refiring, INEOS has not contracied Subsurface Technologies
to provide the analysis of the testing conducted on the individual wells. The first report
completed by Subsurface was compared to that reported by Dr. McKinley and was found
to be very similar in the described conclusions.



The conclusion from these analyses is that none of the injection welis show any indication
that fractures are being inifiated or propogated during saveral years of injection al well
head pressures up o and ‘exceeding the proposed maximum nermitied operating
pressures. On the contrary, these welle show all indications of being un-fractured injectors
with progressive formation plugging and damage, despite the fact that all of the welis werg
stimulaied with propped hydraufic fractures in 1988,

Based on the large amount of data gatherec and analyzed at the INEOS Lima site, 2
permitted maximum wellhead pressure of 844 psi will provide the required assurance that
the injection pressure wil not initiate or propagaie. fractures in the injection zone, The
calcuiation supporting a permitted maximum welthead pressure of 844 psi is contained in
Table 8-14. in addition, due to the nature of the arrestment and confining units at the site
ang the presence of multiple bleed-off zones between the maximum vertical sxtent of
injecied migration and the lowermost USDW, protection of human heaith and the
environment has been clearly assured at the INEOS site.

Appendix 8-2 contains the January 29, 1987 letter to USEPA which provided a summary
of the refevant data which demonstrates that a maximum permitied wellhead pressure of
844 psig will not initiate nor propagate fractures in the injection zone. Appendix 8-3
contains the input date for the Hall plots. Appendix 8-4 contains the supplemental
submissions io USEPA demonstrating that the historic operating pressures at B44 psig
and higher had not initiated nor propagated fractures in the injection zone.

in summary, INEOS performed a detailed analysis of the maximum permitied wellhead
injection pressure as part of the No iiigration Demonsiration process (see Appendix 5-1)
approved by the USEPA in 19¢2 and reviewed and approved as part of the last Ohio EPA
nermit application process. No additional data has been devsioped during the last 10
years of plant operations and data collection that changes any of the analysis presented in
the No WMigration Demonsiration nor the last permit application. In fact, the sontinued site
specific data has confirmed those analysis. Therefore, INEOS requests no change to the
maximum permit aliowable wellhead injection pressures as listed below:

WDW No. 1 834 psig '
WDW No. 2 839 psig
WDW No. 3 840 psig '
WDW #4 843 psig
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'Based on an injectate spedific gravity of 1.040 or less. These maximum
wellhead injection pressures are adjusted downward as the injectais
specific gravity increases above 1.040.

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

These fluid characteristics have been determined on samples taken in the DSTs run in the
Lima Strafigraphic Test Well (WDW No. 4). Samples from DSTs 7, 8, @, 10, 11 and 13
have given the fluid characteristics from the injection interval (Section 5). The sample
from DST 9 is believed to represent Mt. Simon connate water. Samples from DSTs 14
and 15 have given data on the formation fiuids from the lower Eau Claire (passive effective
injection interval). Samples from D8Ts 4, 5 and 6 have given data on the fluids from the
confining zone and overlying strata (Section 5).

A series of sixteen DSTs were run on the Lima Straﬂgraph%o Test Well { WDW No. 4) from
April to July, 1281, These fesis have been used io define the permeability-thickness
product, initial reservoir pressure and porosify of the injection and confining zones, ang of

the overlying strata. These issts ars summarized in Section &

Thirfeen injection/ffali-off tests were run in the Lima Stratigraphic Test Well (WDW No. 4} in
May and June, 1991, The resulis of these tests were difficult to interpret due to packer by-
pass, and little reliance is placed on these data. These tests are discussed further in
Section 6. '

From September to November, 1921 a series of step rate injection tests were conducted in
the Lima Stratigraphic Test Well (WDW No. 4} open hole interval (2885 1o 3408 ft KB). The
results from these tests helped to confirm the injection characteristics of the injection zone.
in particular they confirmed that most injection occurs in the high permeability zone around
3000 ft, that this zone exhibits strong pressure sensitivity of permeabiiity, and that fracture
propagation does not occur at the injectibn pressures usad,

To guantify the magnitude of the observed pressure sensitive permeability, each step of

the Seplember through November, 1891 injeciion tests have been analyzed o deiermine
an estimated permeabiiity using the BP reservoir modeliwell test analysis PIE program.

8-14



For consistency, all steps were analyzed using a homogsneous resarvoir model.  The
results of the analyses are summarized in Table 8-15.

These data show a general downward trend in skin values and increase in permeability as
the iest sequence progresses indicafing injection interval clsan-up. Thus the first 4 bpm
test showad an estimated permeability of 27 md, the second 4 bpm test had an estimated
permeability of 46 md, the third 4 bpm test 52 md, and the fourih 4 bpm test had an
estimated permeability of 58 md. The bulk of this formation clean-up by injection appears
io have occurred by the second step of the October test sequence.

The results for each flow rate were also analyzed using the equilibrium flow equation and
the pressures at the end of sach injection step. While not strictly applicable because 0f
the superimposed effects of the earlier flow rates, this analysis will give permeabilities
indicative of the change in permeability with pressure. This analysis is presented in the
foliowing tabie.

= 141.2@%

7 _ (141.2(Q)1440)0.99X75) _ a0 O

Pty

n(r, /r,)
& pH (APY(250) AP

Both seis of values are graphed in Figure 8-13 (Estimated Permeability Versus injection
Rate). Figure 8-14 is & graph of permeability versus botiom hole pressure. From these
figures, an estimate of the magnitude of the pressure sensitive parmeability is obtained.
The most meaningful estimate is obtained from the graph of permeability versus botiom )
fhole pressure. in this piot a distinction was made between the estimates from the first 4
rate steps and the estimates from the last seven rate steps. This distinction clearly shows
ihe impact of the progressive well clean-up with the continued injection of clean, filtered
3% NaCl brine. A similar tfrend is observed with both the estimates from the steady state
equation and from the reservoir model  Using the last seven sieps, an estimate of the
magnitude of the pressure sensitive permeability was obtained from the slope of the lines.
Similar siopes were obtained from both data seis. The estimate of the magnitude of the
pressure sensiiive permeability is 14 mD/100 psi.

in August 1981 a pulse (interference) test was run, with WDW No. 2 used as the pulsing
well, and WDW No. 1 and 4 as observation wells. The results of this test were used o
define the giobal injection interval transmissivity, storativity and diffusivity, and formed the
basis for caiibration of the flow model.
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6.0 INJECTION AND CORNFINING ZONE GEOHYDROLOGIC PROPERTIES

This section describes the geohydrologic testing program. The primary purpose of
this section is to present the geohydrologic data that have been collected within
the injection interval, the arrestment strata, and confining zone. Thess date will be

uysad as input to the waste transport modeiing as discussed in Section 8.

This section is divided into Tive major subsectiéns. Subsection 8.1 is an
mtr@duct@ry section that briefly defines the scope of the testing program.
Subsections 6.2, 6.3 and 8.4 descrtbe the core testing, spinner surveys, and well
testing programs, respectively. Subsection 5.5 conciludes this section with a
summary of the data results in terms of the injection interval, arrestment strata,

and the confining zone.
5.1 Introduction

A variety of tests were performed by BPCI 10 determina the geohydrologic
nroperties of the injection interval, the arrestment strata, and the confining zone.
The testing program inciuded phvsical property tests on core, spinner surveys, and
hydrologic testing of the wells. As part of this program, over 750 core samples
from the stratigraphic test well were tested to determing the permeabifity, porosity.
tortuosity, grain density, and formation/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 drili stem tests and 13 injection/falloft tests
wWere perfarmed in the strat{graphic sest wall, Within WDW No. 1, a step-rate
injection/fallofi test was conducted. in addition, @ pulse test was run using WDW
No. 2 as the injector and using WDW Ne. 1 and the stratigraphic test well as the
respondger weils. In addition, an injection/falioff test was run in the stratigraphic
tés‘c well comp'letion interval, The following subsections describe the details of this

testing program.
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“§.2 Core Testing

The core tests conducted included air permeability and porosity tests, quid
permeability and porosity tests, and electrical property tests. The testing
objectives, test procedure, and data results for the testing program are described in

adetall below.

&.2.7 Gas Permeab‘éiiw snd Porosity Testing of Whole Cores and Pluas

Gas permeability and porosity tests were conducted on cores and plugs from the
confining, arrestment, and injection zones o getermine the variability in the relative
magnitudes of the permeability and poresity values throughout the section., Qver
130 horizontal plugs were tested to provide a statistically representative sample of
the permeabiiit\f and porosity values of each zone. Whole core samples were
tasted to determine vertical and horizontal permeability values for the fight zones,

and the vertical and horizontal perm@abikity anisotropy of the potential thief zones.

Sample locations were selected at the well site by the site geologist. Locations
were selected according 1o how accurately they represented the observed rock
type. The testing locations are hsted in Table 6-1; v&hich, bacause of its length, i5
located at the end of Section 6.

6.2.7.1. Test Description of Permeability Testing

A universal permeameter sysiem was Utilized to measure the permeability and pore
volume of the test samples at overburden stress canditions. The system consists
of a pressure vessel and pressure generation unit that delivers the reguired
hydrastatic confining pressure, The pore pressure manitold maintains pore
pressure and delivers steady-state or pulse-fiuid flow to the sampie under test. A
fully automated personal computer-based system provides data acguisition and
contfot. Nitrogen gas is the flow media for permeability measurements and helium
is used for pore volume measurements. Data are recorded by the computer and

the calculated values and raw data are stored on the fixed disk.
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The pulse decay technigue Was used 1o sest the samples that were in the nNano-
Darcy to microDarcy range; the steady-state method was usad for samples above
0.3 mD (Hseih, et al., 1880}, To initiate the tests, all samples were %nstalied.into
an impermeable sleeve and sealed with the end caps connected o the pore
pressure tubing. The sample assembly was ioadad into the pressure vessel. An
initial confining pressure of 500 psi was applied to the sample to check for systam
leaks. The pore pressure was then applied and the confining pressure siowly
increased o the pressure reguired 1o provide a net eﬁ‘ectivé stress equal to the
overburden stress. The designated averburden stress was calculated from the

stress gradient of 0.85 psi/ft provided by BPCL

Parmeabiiity values were determined using a odified Brace technigue with
updated storage coefficients if the pulse decay method was used on the sample
(Brace, &t al.,, 1968}, When steady-state measurements were mace, a Klinkenberg
correction for gas slippage was used. All the radial permeability values were

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

6.2.1.2 Tast Description of Porosity Testing

Porosity measurements were made using Boyle’s Law Double Cell Method as
described in standard testing procedure APL RP 40 {American Petroleum Institute;
1960}, In th%é method, {he grain volume of the sample is measured in 3
porosimeter which is an apparatus consisting of two connected chambers. The
care sample is placed in one chamber and the gas pressure is adjusted 1o the
required value. The gas in the second chamber is adjusted to some different
known pressure, Tﬁe pressure is egualized and measured. From these data and
Bovyle's Law (PV =C), the volums occupied by the grains is calculated. in addition,
the bulk volume of the sample is measured using calipers. The p@fos‘i%y is then

calculated by subtracting the grain volume from the bulk volume.

Both ambient and overburden poresity measurements were made. The overburaen
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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" was then measured using modification B to the Boyle's iaw double cell method as
described in AP RF 40 (AP1, 1260). The armbient porosity measurements weie
made by piacén”g the sample in 8 matrix cup and sollowing the standard AP RF 40
procedure. WWhen hoth ambient and overburden pressure tests were run on the
same core sample, the ambient tests were completed before the overburden tests

were performed.

Additional detail concerning the sample preparation, calibration, and testing
procedures are described in the RUI test report (Appendix F-1, Volume 100 and the

BPCI Work Plan and Quality Assurance Document.
8.2.1.3 Test Results

A complete list of the data resuilts from the plug permeability and paros;rty tests are
listad by descending depth in Table 6-2, which is located at the end of this section
due to is length. Physical characteristics of the plug that may have affected the
resuits are noted with the reported value and described at the bottom of the table.
Porosity values less than 0.1 percent are reported as 0.1 percent with the M
{less than) symbol to the right. Steady-state derived data is reporied in integer
tormat. Pulse-decay derived data is reported in decima! format with 3-digit

precision and trailing zeros are only a format artifact.

Permeability and porosity were measured at ambient conditions for some plugs to
compare with data from WDW No. 1. A summary of this comparison is shown in
Table 6-3. These data are noted with the letters Am or the word Ambient to the
right of the reported value in Table 6-2, the summary of the plug permeability and

porosity measuremeants from the stratigraphic test weil.
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Table 6-2. Comparison of Ambient Permeability and Porosity Measurements

2848-2850 16.4 20 5.29 4.1
2910-2811 N/A 4.6 0.8 <0.1
2859-2960 123 188 348 120
2$88-2990 13.4 12.5 20 45
3008-3010 i6.8 126 212 75
3070-3072 180 10.5 25 28
3090-3091 13.6 22.2 154" . 865

Table 6-& compares the core meas&rements (permeability and Dordsi‘ty) from 1268
from the Lima WDW No. 1 well measured &t ambient conditions, with the core
measurements from the stratigraphic test well which were measured at overburden
conditions. Depth corrections were made to the WDW Ne. 1 data for stratigraphic
comparison of beds with the data from the stratigraphic test well. This
compartson illustrates @ combination of siight differences in the correlation of the
iithaiogic streaks and the difference between ambient and overburden
measurements. A detalled review of the cores from Lima WDW No. 1 and the
stratigraphic test well were made by the site geologist. All features were found to
he correlatable betwaen these two sets of cores within =15 7t Therefore, it is
believed that Table 6-4 can be used to provide a good indication of the effect of

aoverburden versus ambient measurements for those various beds.

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 permeability meas@rements in
Figure 6-1 and porosities in Figure &-2. The results show that the impact of
ambient versus overburden measurements is directly dependent upon the

~ petrographic nature of the sample being measured.
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Table 6-4. Comparison of Gas Permsability and Porosity
Results from the Swatigraphic Test Well and WDW RNo. 5

T 2785-2796 5.2 12,1 0.0623 1.7
28019-2802 3.0 2.1 ‘ 6.001 <0.1
28032804 &.2 13.6 0.00138 1.3
2808-28190 7.1 8.6 0.007 <0.1
2814-2815 15.6 15,8 i 0.004 112
FETEIERTS 758 50 TBE 78
2823-2824 . 2.8 17.5 0.000521 165
7828-2829 f4.1 10.8 520 z
2832-2833 20.1 2.5 12 157
2838-2829 15.8 17.2 n/A 51
FEAESELE P TEH TEY (k!
28A5-2B50 13.8 20 213 4.1
2861-2867 18.9 22.5 57 B4
2885-2888 2.6 18.5 0.008 - 42
288G-2830 16.5 10.2 168 <0.1
FEEEIIEES EiciV Fiv i8 _ 5%
2903-2008 18.2 18.7 44 19
2890-2811 3.7 4.6 0.002 <0.1
2518-2820 13.7 18.6 - 54 28
2825-2826 16.7 19.6 31.3 240
SEEHITEEN BT T8 g7 rkl
2534-2835 20.8 : 11.4 171 <0.1
294%-2845 14,2 21.3 130 21
2950-2951 16.1 16.1 a7 18
2058-2860 10.7 15.8 283 120

1T 1 - A 0.3 58 g7 557
2970-2871 15.0 18.1 148 45
2874-2675 12.1 15.9 695 194
2878-2980 11.2 14.2 54 ‘ 8.7
2GBE-2887 g g5 18.2 B/A : 102
79882950 ‘ 773 125 20 4%
29535-2885 8.0 11.0 002 28
3000-3002 10.5 13.5 o8 , 3.2
3005-3006 g1 15.8 78 27
3008-3010 12,4 12.6 285 75

TTEBTEIEETE T B8 TR TG E5E
3020-3022 12,3 4.4 178 102
3025-3026 12.4 17.4 168 g5
3028-3030 5.6 13 30 15
3048-3050 .5 14.7 .01 40
30883068 Bd TR . 1S : 478
3070-3072 10.2 10.5 8.54 28
3085-3088 14.6 17.8 138 670
3080-3081 131 22.2 110 B&5
3088-3100 13.3 17.5 83 83

e gr——— 5y - . TE
3110-3111 12.1 19 1186 82
3113-3115 8.6 17.5 0.0614 142
3115-3117 16.3 17.5 352 142
3123-3128 16.4 13.3 419 1.8
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Tabie §-5. Dverburden Versus Ambiant Permesbility and Perosity

Fage WNo. 6-8
November 15, 1281

2848.6
2882.4
2310.1
Z858.8
2987.1
2888.8
2883.9
3008.1
30718
3080.5
3113.5
31371
3148.0

18.4
N4
R/A
12.3

13.4
10.4
16.8

13.8
13.8
4.3
8.8

13.8
8.2
3.7
0.7
8.5

(s3]

13.4°
$10.2-

8.6
2.6
5.1

16
42
20
43
18
37
40
48

3.28
0.00885
0.0582
348
2.21
30
5.83
412
25
154
0.826
1.72
18.3

313
00129
0.00181
283
1.35
20
.10z
2B%
8.54
18
0.0814
0.00404
0.0208

24
g7
18
29
33
98
31
55
88
90

100

100
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Eigure -3 shows a comparison of iog calculated porosities from the open hole log
suite run in the stratigraphic test well versus the core measured porosities (at
overburden) from the Lima stratigraphic test well. The correlation between the
measured values and log derived values is good, and proviges a continuous record
of the poresity trend that can be used to calculate a reservoir capacity for the

gHfective injection interval.

A summary of the gas permeability maasurements (measured at overburden
condit%c}r‘:é) by mode! fayer is presented in Figure 8-4. The permeabilities shown in
Figure 6-4 are geometric means due to the large range of permeabiiity values
measured in some of the model layers. This averaging does not fully refiect the
higher and lower parmeability streaks that are found in some of these model %ayeré.
A summary of the gas porosity measurements (measured at overburden conditions)

are shown b\? mode! layer in Figure 6-9.

Whole core samples from potential tight zones were tested for permeability in two
directions, axial (vertical) and radial {horizontal}. These data are listed by
descending depth order in Table 8.8. The same symbol convention described for
btug test data applies to these data. Some samples had prohibitivety long pore
prassure equilibration times aliowing only an upper limit of the permeability value to
he determined under the prescribed test parameters, Using this upper limit for
these tight zone permeabilities results in conservative permeability values for the

arrestment strata (greater vertical transport than actual}.

Whole core samples from potential thief zones were tested for permeabiiity in the
axial {vartical) direction and. radially {horizontally) in four separate directions. These
data are listed in Table 8-7. The same symbol convention as described for whole
cors bi-directional test data applies 1o this data set. The radial measurements were
made in 45 degree sections spannmg the direction noted in tﬁe table. The radial

direction numbers noted on the table are degrees clockwise from true north.
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2368

Figure 6-3 Comparison of log-calculated poresity measurements
measured porosities.
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Table 8-8. Whole Core Permeability Data from Tight Zaneé
i Lima Stratigraphic Test Well

1204.5 Axdal ' 0.000068
Radial 0.000110

1357.6 hxial 0.000008
Radial 0.000422

1460.3 Aoxial <0.000237
Radial <0,000138

2098.7 Axial <0.004880
: Radiat <0.001330
2283.4 Axial 0.004740
. Radial 0.007870
2500.9 Axial 0.000234
Ragial “0.007080

2502.5 Axial +0.003860
Radial £(.003160

2554.5 Axial 0.00001 1
Radial *0.000782

2604.5 Axial : < (0.000808
Radiat < 0.000484

2872.5 Axial <0.002720
Radial <0.001640

2689.5 Aoial 0.040800
Radial <0.,002150

2880.8 Axial 0.062500
Radial 0.043000

2732.0 Axial <0.004820
Radial . 0.183000

2748.7 Axial 0.001490
Radial 0.131000

28140 Asdal 0.248000
- Radiat 0.00781%0

3154.4 Axial 0.028700
Radial NA

< Sample permeability 1$ less than reporied value
* Bedding plane partings, stress/dehydration cracks

Note: Precision eguals 3 significant digits, trailing
zeros are 2 format artifact.
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Table §-7. Whole Core Diractional Permesabliity Dats from Peotential Thiel Zones

in Lima Soatgraphic Test Well

2230.0

2351.2

28429

2680.7

2780.0

2854 1

Axial
Radial 0
Radial 45
Radial 30
Radial 135
Axial
Racial O
Radial 45
Radial 30
Radial 135
Axial
Radial U
Radial 45
Radial 80
Radial 135
Axial
Radial O
Radial 45
Radial 30
Radial 135
Axial
Radial 0
Radial 45
Radial 20
Radial 135
Axial
Radiat 0
Radial 45
Radial 80
Radial 135
Axial
Radial O
Radial 45

‘Radial 90

Radia! 135

0.520000
1.270000
2.226000
4.130000
3.820000
0.030200
0.021100
0.010200
0.002680
0.000888

502
372
285
277
147
<0.003350
0.030300
0.031200
0.027300
0.028850

< 0.005530
0.027600
0.024500
0.022000
0.022000
0.000677

101
144
187
127
0.040800
38
36
36
35
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Table 8.7, Whole

Pape No. 5-16
Novermnber T8, 1885

Core Directional Permeability Data from Potential Thief Zones
in Lima Stratipraphic Test Well (continuad)

28443

3033.2

3085.6

3146.0

Axial
Radial O
Badial 45
Radial 90
Radial 135
Aoial
Radial O
Radial 45
Radial 20
Radial 135
Axtial
Radial O
Radial 45
Radial 20
Radial 135
Axial
Radial O
Radiai 45
Radial 80
Radizl 135
Axial
Radial O
Radial 45
Radial 20

‘Radial 135

86
110
78
0.072800
4,13
2.83
3.20
2.37
0.057200
154
131
132
119

© < Sample Permeability is less than reported valug

Mote: Precision eguals 3 significant digits, wailing zeros are & format

artifact.
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6.2.2 Liouid Permesbility Testing of Core Plugs

Fourtesn uniaxial strain tests were congucted on selected core pvri-ugs from zones
within the injection interval, Seven tests were run on vertically oriented specimens
and seven tests were run on horizontallv-orientes gpecimens from the same depth
locations. A detailed description of the uniaxial strain testing procedures has baen
inciuded in the sppendix for the geamechénicai section {Appendix G, Volume 11}
The follewing paragraphs describe the. continuous permeability determinations that

were magde throughout the deviatoric loading cycle of each uniaxial strain test.

8.2.2.1 Test Description

Measurements were made of iguid permeability as a function of effective stress
on s numbér of samples cut from the whole core in both 2 vertical and horizontal

. gdirection. These tests were conducted in conjunction with the uniaxial strain tests
to give an indication of the pressure sensitivity of the permeability of thése cores,

described in Section 7.

The tests were conducted on 2-in.-diameter by &-in. {nominal) and 1-in.-diameter
bv Z-in. {nominal} core plugs, which wére vacuum-saturated ?0?_4;8 hours with 3
percent KCI brine prior 1o testing. The specimens were then placed berween two
endcaps with 120-mesh screens on top and bottom; and 2 hezt-ghrink Teflon
jacketing was placed over the specimean and secured 1o the endcaps with wire ties.

The specimen was then inserted in g 20,000 psi triaxial test vessel,

A nominal {100 to 200 psi) confining pressure was applied 10 the specimen to seat
it in the pressure vessel, 1o close the jacketing gaps, and to prevent jacket rupture
during the i‘nitial flow. Approximately 50 ml of 3 percent KCl brine was passed
through the test specimen prior 10 applying deviatoric ioading t¢ ensure that the
lines and samples were fully saturated. For the low permesabiiity samples, the 50
ml of 3 percent KCl was not passed through when the sample displayed s

differantial pressure > 150 psi at 2 flow rate <0Q.5 mi/min.
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During each itest, flow was established ‘zhmugh the sample at & consiant fiow rate
supplied by a2 Milton Boy constant flow metering pump, provided by British
Petroleum Exploration. Flow rates ware selected so as to maintain the differential
arégsur@ of <200 psi across the sampile during the devigtoric loading cveie.
Pressure drop across the sample was monitored comtinucusly using a strain gaged
differential pressure transducer. Data were recorded using & computer-based data
acouisition system. The uniaxial strain deviatoric loading proceaded by applying an
axial load at an axial strain rate of < 1x10° in/in/sec for all ‘F@rmationsf with the
exception of the Cincinnatian and Black River horizons, which Were iszoed 8t an
axial strain rate of <1x10°® infin/sec. The confining pressure was increased in

order to maintain a constant radial strain during the axial ioading.

The flow pump and pressure transducer were caﬁébratéd prior to testing using
standard SAIC QA procedures (Section 12, Appendix G-4, VYolume 111 In
aadition, prior to testing, a system pressure drop was measured while the loading
piatens, 120-mesh screens, and all pore flow tubing used in the permeability
system were in place. A pressurg grop calibration was performed at various flow

rates with no back pressure induced on the system.

Liguid permeability (k) was determined as:

k = SEL | (6-1)

ADA
where: = Permeability {darcies)
Flow Rate (cc/sec)
Specirmen Length (cm)
Fluid Viscesity (cp) {Assumed = 1.0}
= Cross Sectional Flow Area {cm®)
) = Pregsure Differential {atm)

i

[ S - el e B
i

6.2.2.2 Test Results

Table 8-8 presents the permeability data resuits at an overburden stress level of
2,000 psi. Plotted results of each test may bé found in the appendix for the

geomechanical section (Appendix G-}, which includes curves representing the radia!
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strain (infin) parmeability (milliDarcy} and zxial strain {infin) ve. total akial stress

{psil,

Table 6-8. Liauid Permeability Test Besults from Plugs at In Situ Conditions®

2657 Eau Claire 0.33 1.3
2789 Eau Claire 135 58
2838 Mt. Simon 11.7 150
2888 Mt. Simon 33 117
2828 Mt. Simon 34 0.35
3071 Mt. Simon 120 43
3145 Mt. Simon 240 0.65

* Permesbility at the 2,000 psi overburden stress level

&.2.3 Electrical Testing of Core Plugs

~ >

Nine sampie pligs were submitted for electrical testing to determine the formation
factorg, cementation factors, and tortucsity values, as preseniad in Tabie 5-3. All
samples were selected from the confining and injection zones. Porosity and
permeabiiit\} measuremeants vwere also made on each sample and the seiected
depths are shown on Table 6-10,
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Table 6-2

PLUG PERMEABILITY AND POROSITY

Cotmpany: B Chemicais
Welt Lime Stratigraphic Test
Losanot § e, Chio

| _ OVERBURDEN
Sample  Grain Porosity . Permeability
Depth Density
(fry  (gee) (%) : (mD)
1§25.2 273 1.0 ©.000478
1961.8 2.85 7.6 * 0.008840
1875.1 2.81 £,5 0.01 1000 ;
56254 - 3.08 3.5 * |
o088 287 53 *
2098.2 2,82 2.4
2125.% 2,84 0.4
2150.1 2.84 6.3
2162.5 2.83 0.6
2211.5 276 8.4
22288 278 23
22207 2.83 2.0 *
2276.6 2,83 6.9 <
2326.3 287 5.6
2375, 284 5.6
2382.8 2,80  14.5 *
24058  2.74 5.8
2808.8 2.75 7.2
2610.0 275 8.2
2638, 288 87 #  0.002800
2653.2 2.63 4.8 0001800
2480.6 2 76 3.0 0.004000 UX
26765 2.862 5.4 0.001210
2690, 1 287 4.8 0.001760
2596.8 2,72 0.2 6.000017
2520.8 2.78 2.1 < 0,000243 UX
2537.6 2,72 0.9 0.000083
2544 5 2.65 0.1 <  OOASES
25828 2.82 0.2 0.0004621

Page No. 6-203
wovember 15, 1881



P1UG PERMEABILITY AND POROSITY

Cornpany: BP Chemicals
Welk Lima Stratigraphic Test
Leegtion: Lims, Ohic

, OVERBURDERN
Sample  Grain Porosity Permeability
Deptly Density

(ft) {g/eed (%) (mD)
2564,9 2,65 6.7
2575.1 2.63 ¢.6
25096.2 2.68 1.0
2614.0 2.94 2.7 ¢,001310
2625.5 2,72 4.0 0.226000
2634.9 2.68 9.8 0.010600
2645, 1 2.64 $0.1 0, 245000
2657.8 278 6.8 ¢.637500 UX

- 2858.1 2.72 8.& 0.181000
2676, 1 2,73 8.8 0.000473
2685.0 2.62 8.6 0.042800
2694.4 265 0.3 <

2654.6 2.85 2.5

2708.1 267 11.2 .32000
744,85 2868 - &7 6014
2727.4 2.64 7.7 0.028800
2T37.9 2.66 2.8 0.007210
2763.9 2.74 2.5 0.000812
2766.5 272 8.0 0,005470
2772.2 2,71 1.5 0.0601310
2787.5 2,71 3.5 0.262000
2788.8 2,62 8.6 180 UX
2781.% 2,61 17.7 $30
2785.1 2.68 6.2 0.062300
- 2801.1 2.7% 3.0 0,001 080
2803.2 2.66 4.2 - 0.001380
2808.1 2,70 7.4 0,007630
28%4.9 2.64 5.8 0,008010
2820.4 2,62 12.9 184




PLUG PERMEABILITY AND POROSITY

Company: BP Chemicals
Wl Lima Stratigraphic Test
Losetot: Lime, Ohic

f OVERBURDEN

Sample  Grain Porosity Permeability
Depth Density
(ft) {(g/ec) (%) (mb>)
2823.4 271 28 0.000521
| pepe zet 144 520
| 28328 268 209 12
28362 261 11.7 a3
28389 281 15.8 - 182 UX
2845.5 283 20.8 162
2842.6 2,65 13.9 3.%30000 :
2848.6 16.8 Am 2.290000 Ambient
2861.4 2.5% $2.9 57
2882 4 2,70 8.2 0012800
2882.6 0.008850 Ambient
2887.1 2,64 2.6 0.008710
TREO.4 2,61 6.5 s88 UX
2801.1 2.5% 13.7 3540000
2303.9 2,59 $8.2 &4
2830.1 2.64 3.7 0.001€10
2870.1 0.058200 Ambient
2912.1 2.62 12,7 66
2825.% 2.61 16.7 31.3
2328.0 2.60 12.8 190
2231.6 281 $5.3 62
2834.9 2.59 20,8 174
8435~ 2.85 $4.2 130
2250.4 2 50 6.1 a7
2358.8 2.64 $0.7 283
2058.8 - 12,3 Am 348 Ambient
2563.8 2.64 11.8 228
2955.6 258 . 203 o7
ZeTit 2.81 15.0 148




PLUG PERMEABILITY AND POROSITY

Compeny: BP @h@m%@&%
Welt tima Stratigraphic Test
Losstion: - Limrs, Cie

OVERBURDEN

Sample  Grain Porosity Permeability
- Depth Density

(ft)  {g/ee) (%) {mD)
2874,8 2,65 $2.1 685
2976.8 2,64 15.0 121
28769 i7.8 Am- 148
2978.4 = 2.64 14.2 54
2887.1 2.85 8.5 1. 250000
2887.1 19.% Am 2210000 Ambient
2989.8 266 1.3 20
2088,2 134 Am 30 Ambient
2833.8 2.65 8.0
2982.8 10,4 Am ¥ Ambient
2987.2 2,65 8.7 Ux 1
28082 264 $3.5
300%.9 2,64 10.8
3008.5 264 8.9
3008.1 288  13.4
3002.1 - 16.8 Am 292 Armbient
303 3.1 2.64 i5.9 230 -
3016.3 2,64 $0.5 © 120
3021.9 2,64 $2.3 178
3026.1 2,64 12.4 168
3028.1 2.64 5.8 30
3048.8 266 55 5.01
3053.2 264 8.4 85
3071.6 2.65 i6.2 .54
3074.8 18.0 Am 25 Ambient
3087.3 2 283 14,8 §38
3080.2 285 13.1 i10
3020.5 2,64 1.9 18 .
20005 13.6 Am 184 Ambient



PLUG PERMEABILITY AND POROSITY

Company: BP @hemﬁmés
Wl Lima Stratigraphic Test
Losation: Lime, @hﬁ@

OVERBURDEN

Sample  Grain Poresity Permeability
Depth Density ‘
fy  (geey (%) (mD)
208884 262 11.9
30088 262 13.3
3105.8 2.62 $4.9
3110.5 2.68 $2.1
3113.5 284 8.6
- 3113.5 13,6 Am 5000 Ambient
3116.2 284 = 383 382
3123.4 263 16.4 499
3930.2 283 13,8 | 19
3137.1 267 = 26 0.004040
3137.1 43 Am 1,72 Ambient
3943.2 264 8.7
3i44.8 265 55 36000 UX
| 3948.0 2 65 5. |
| 2% Am Ambient
3151.7 283 1519
3189.% 258 0.6
22627 283 05
3217.2 262 3.0
3225.1 2,68 3.6
32337 281 2.3
2250, 1 2.68 4.4
32758  2.58 0.1 <
3288.1 2.66 0.1 <
3302.7 2.62 0.1 <
3380.8 273 - 4.0
3390.3 2.63 0.1 <
3404.3 288 0% <




PLUG PERMEABILITY AND POROSITY

Cotmpany: BP Chemicals
el Lima Stratigraphic Test
Locanon Lima, Ohito

OVERBURDEN
Sample ~ Grain Porosity Permeability |
Depth  Density \

(fy  (g/ee) (%) (mB)

* Vugs

# Chipped plug

< Porosity is less than reported number

@ Porosity and Permeability from whoie core sample
UX Uniaxial liquid permeability samples

WW Sohio hole #1 samples, permit 68

Note: Precision is to 3 significant digits, tratling
zeros are a format artifact.
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ATTACHMENT C

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 srom the July 1982 UIC permit
application submittal. This section has been updated, however, a8 appropriate based on published
iterature, siie operating history, test results, and daia analysis conducted in regards o the INEOS
injection well activities since July 1992.

Seciion 7 contains versions of various compiiance implementation plans required by the existing
permits. These are contained in Appendices 7-3, 74, 7-5,7-7 and 7-8. As disc_:ussed in Section 1,
these plans are periodicalty re-submitted to OEPA. Consequently, those versions contained herein,

- which are provided {o faciitate stand-alone review, may not be the most current. The most recent

versions, submitied under separaie COVer, shouid be considered the governing versions.

The four currently permitied INEOS Cless | Waste Disposal Wells 1, 2, 3 and 4 (WDW Nos.1, 2, 3
and 4) are constructed with multiple casing strings for protection of USDWSs and potential mineral
resources (Ohio EPA Permit fo Operate Numbers UIC 03-02-D03-PTO-, 03-02-004-FTO-1, 03-02-
DO5-PTO-, 03-02-008-PTO-). WDW Nos. 1 and 2 are constructed with two casing sirings in
addition to a carbon stee! injection string which is internally coated with a corrosion resistant epoxy
coating. WDW No. 3 is simitarly constructed, but a tuli-length casing liner was installed in January
2010, WDW No. 4 is constructed similarty but also includes an intermediate casing siring. The
surface casing is set below the lowermost USDW (the Sub-Lockport Group) in all wells and
cemented o the surface. The protection or iong string casing 18 sat at the fop of the injection
interval and cemented in place. Thus, the USDWs at INEOS are protected by & minimum of two
carbon stesl and two cement barriers. VWaste i emplaced in the injection interval in all welis via
carbon sieel injection tubing which is internally coated with 2 corrosion resistant epoxy coating and
surrounded by a pressurized and monitored liguid annuius system, thus providing additional
protection for USDWs. Details on the construction and cementing of the INEOS injection wells are
proviged on Table 7-1 of this appiication. Wellbore schematics of the four injection welis are
provided as Drawings 7.4, 7.2, 7-3 and 7-4. Packer and seal assembly schematics of the four wells
are provided as Drawings 7-5, 7-8, 7-7 and 7-8. '

The wells at INEOS are constructed such that they can be tesisd annually for mechanical integrity.
The following table summarizes the mechanical integrity demonstrations conducted since the
permit application submitial in September 1988, The results of these mechanical integrity iesis
were documented and submitted 1© the Ohio EPA in detailed Machanical Integrity and Well
Workover reports submitted to the agency within 80 days of completion of the work, In most cases, .
Onio EPA employees witnessed the key aspects of these mechanical integrity demonstrations. In
all cases, mechanical integrity was successfully demonstrated. Details of the mechanical integrity
demonstrations, well jogs run, and well workovers conducted over the history of the four injection
wells is summarized in Appendix 2-1.
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TWELL NAME & NO. [ WiIT DEMONSTRATIONS B

WDW Ne. 1 | October 1998 October 2005
October 1998 Ociober 2006
October 2000 Octobar 2007
October 2001 October 2008
Ociober 2002 October 2009
October 2003
October 2004 J

WDW Nao. 2 April 1988 April 2005

: Aprit 2000 April 2008

May 2001 April 2007
May 2002 May 2008
April 2003 April 2009
July 2003 (During
Workover ')
Aprii 2004

WDW No. 3 Juky 19899 August 2005 '
August 2000 August 2006
August 20071 August 2007
August 2002 August 2008
August 2003 August 2009
October 2003
August 2004

WDW No. 4 June 1998 | June 2005
June 2000 June 20086
June 2001 June 2007
Jung 2002 June 2008
June 2003 June 2008
June 2004 5

On July 1, 2003, INEOS verbally notified the Ohio EPA regarding the loss of differential
pressure in WDW No. 2 which had occurred on July 1, 2002, This was determined to be @ ieak
in the injection string. INEOS ceased injection in WDW No. 2 prior fo loss of differential -
INEQS was able o successfully shut-in the well until an emergency well workover
was conducted. Ohio EPA provided field approval {o resume injection after INEOS successfully
demonstrated rmechanical integrity on July 18, 2003,

Dressure.

Subseguent to the July 1992 permit to operate application, INEOS requesied a permit modification
io change the 5-year MIT casing inspection requirements in the future io times when the injsction
string is pulled from the injection well, This permit modification was finalized by the Ohio EPA on
June 13, 1997, INEOS anticipates that the current permit modification language consistent with
OAC 3745-34-57(1)(4) wik remain in the renswal of the permits to operaie tor these four wells.

WDW Nog. 1,2, 3 and 4 have been worked over several times 10 sither replace the injection string
or increase injectivity. No casing leaks have ever occurred in any of the wells. Other than minor
tubing or packer laaks, related 1o normal jife expectancy of these materials, the wells have
maintained mechanical integrity since the beginning of injsction operations attesting fo the



adequacy of the welt design. Through the resuits of the extensive tesiing conducted and the
multiple iayers of protection provided by the design of well consiruction, INEOS has been
successful in demonstrating that injected fluids have not moved into unauthorized zones. Details of
the mechanical integrity demonstrafions, well logs run, and well workovers conducted over the
history of the four site injection welis is summarized in Appendix 8-1.

The annulus monitoring systems were replaced in 5004, The wellhsad annulus monitoring systems

are designed to comply with the regulations as defined in 40 CFR 146 and in rule 3745-34-56 of the

Ohio Administrative Code. This includes a system 0 track the changes in annulus fluid volume

during the operation of the injection welis, A schematic of the annuius monitoring systern in the
xisting INEQS injection wells is fustrated in Figures 7-1 and 7-2 of this appiication.

The surface injsction pressure, surface annulus pressure, and flow rate are monitored and recorded
continuously on both the plant Data Coliection Systemn (DCS) system and on strip charts. The plant
DES Is the compliance monitoring system at the site to satisfy all permit monitoring conditions..
Only in the event of a failure of this primary system will the sirip charts and/or field pressure gauges
be used to satisfy the permit monitoring conditions. These charts are verified dafly and filed for
raference and reporiing purposes. Fieid readings of local wellhead pressure gauges for both the
annuius and injection systems are recorded on a 4-hour basis. These readings are compared o
the char recordings and calibrafions are performed as indicated.

The monthly averages, maximums, and minimums for injection pressure, flow rate, annuiar
prassure, and injection volumes are reported s required under the existing permits fo operaie.

The annular fluid in each well is composed of 9 ibigal NaCl salt water brine contalning
approximatety 5 gal of corrosion inhibitor per 300 gal of brine and a bactericide and with the pH
adjusted fo 10 with NaOH. The annuiar pressure will be maintained at 2 minimum of 50 psi above
the injection pressure as measured at the surface during injection operations. “The specific gravity
of the annuiar fuid {approximaiely 1.08) is greater than the specific gravity of the injectate, which
has zn average specific gravity of 1.025 and a maximum of 1.05, thus insuring that a positive
annular pressure is maintained throughout the iength of the injection string.

The annulus monitoring systems mainiain a minimum differential pressure. Backup systems are in
place should the primary systems become unable o maintain the minimum differential pressure. In
addition to differential pressure, annulus fluid ioss is also monitorad.

All casings used in the INEOS wells are standard AP] tubutars. Through INEOS's experience of
. over 40 years in handling this waste water stream, carbon steel has been determined to experience
significant pitting and corrosion when exposed fo the injectate stream. For this reason, the surface
equipmént and piping and key components of the packer are stainless steel. These materials
provide for indefinite fife of these components. The use of threaded stainiess steel for the injection
string is problematic, and problems maintaining a sealed threaded connection do not justify the use
of stainless steel for this application. For this reason, INECS has chosen fo use carbon sieel
rubutars internally coated with a corrosion resistant epoxy coating.
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To protect the lower section of th
exposure o the injectate, INEOS instalied a {ai
injectate past the bottom of the taiipipe. A die
tailpipe and the botiom of the long string casing, iso
the injectate. INEOS has expenienced relatively good s
fable surmmarizes the curre

& long string casing iocated below the packer from corrosion from
| pipe that hangs below the packer and conducts the
sl buffer was injected that will float up between the
iating this section of the tong siring casing from
uccase with this technigue. The foliowing
at materials of construction of the four existing Lima injection wells,
Based on the current resulis from the UIC Corrosion Monitoring Plan
operating history over the vears, all of th
operating characteristics and fo experience minima
the facility. INEOS reserves the right to change these ma
on operating experie

(Appendix 7-5) and the
ese materials have been demonstrated o have good
i reactions or attack from the fluids injected at
terials of construction in the future based
nce and the ongoing results from the site UIC Corrosion Monitoring Plan.

[ N » H B H £ 2
Surface Piping 304 L S8 304 L SS 304 LSS 304 L S8
Welinead Valves 316 S8 316 58 316 35 318 88
injection Tubing N-80 Coated with N-B0 Coated with | J-55 Coated with | N-80 Coated with
TK-15 TK-15 TK-89 TK-15
Downhole Landing 410 88 410 88 410 38 41088
Nipple ‘
Crossover Sub 304 S5 304 S8 304 88 304 35
Seal Assembly 316 88 316 S5 318 38 316 S8
Seal Assembly V-Ryte {Viton) V-Ryte (Viton) V-Ryte (Vifon) V-Ryte (Viion)
Clasiomers :
Packer 41-40 Siesl 4440 Stesl 41-40 Sieel 41-40 Siesl
Packer Elasiomer Nitrile Nitrile Nitrile Nitrile

The casing and cementing program for each well at INEOS is summ
application. As discussed abov

arized in Table 7-1 of this
e the wells are designed to both prevent the movement of fluids

into of batween USDWs and they are equipped with an annulus monitoring system to detect any

ootential feaks. The casing and cementing pro
which detaits ihe cementing and casing program
sasings. Portions of these discussions are excerpted as appropr

contained in this section.

Al of the INEOS injeciion wells ars
USDW, which oceurs at depths ranging from 352 fito 373 ft in the
and 7-4 illustrate the casing depths for the four INEOS Class | wells.
surface casing rang

and all surface casings were cemented fo the surface.

gram for WDW No. 4 is presented in Appendix 7-1,
for the sur?ac;e, intermediate, and long string
ate 1o address the reguirements

designed so that the surface casing is set below the lowarmaost
four welis. Drawings 7-1, 7-2, 7-3
The setting depth for the
es from 432 f to 713 fi within argillaceous dolomites in the Cincinnati Group,

in WDW No. 4, 18-inch surface casing was set fo @ depth of 712.6 ft KB in & 20-inch surface hole.

The lowermost

USDW in WDW No. 4 occurs at a depth of 373 f KR; therefore, the surface casing
was set significantly below potential USDWSs in this weil,




The casing was cemanted in the sp-inch hole from 700 ft to the surface amploying a designed 50%
excess cement. The cement used was as follows:

Standard Howoo Cemént with 3% CaCl, 4% gel, and 1/4 thisack floccele.
The slurry properiies were as foliows:

Sturry Weight: 14.33 Ib/gat
Slurry Yield:  1.55 ft¥/sack
Water

Reguirement: 5.2 galisack

The cement volume calculations were 28 follows:

S4-iny. conductor casing run 1o 62 ft, 1.D. = 23.25in.

20-in. 1.D. hole to 721 f

Hole Volume = (62 f)(2.948 ) + (659 fi)(2.182 ft%) = 1,620 ft°

Casing Volume = (712.6 fi)(1.396 1Y) = 995 f* -

Required Cement Volume = 1620 - 985 = 825 #

Required Cement Volume = 825 #/(4 55 #*/sack) = 403 sacks of cement.

“ne well was cemented on March 25, 1891, with 580 sacks of Standard Howco Cement with 3% .
CaCly, 4% Gei, and % In/sack floccele. The laboratory cement fest report is included as
Astachmeant 2 in Appendix 7-1 of this application. The stepwise cementing summary for the surface
casing is included in Appendix 7.4, The reported cement slurry density was 14.1 bigal with 2 yisld
of 1,568 #/sack. The cement developed a compressive strength of 1,940 psi in 10 days.

Excess cement (152 sacks) was circulated fo surface versus the calculated 177 sacks (86% of
calculated). Approximately 35% excess cement was actually employed.

All of the INEOS injection weils are designed with a 7-in long string casing set below the top of the
modeled injection interval which occurs in the lower Eau Claire Formation at the top of the ECs
model unit. Drawings 7-1 through 7-4 contain the casing depths for the four INEOS Class | wells.
The setting depth for the 7-n jong string casing ranges from 2,813 o 2,885 ft within shaly sections
of the Mi. Simon Sandstone, and all were cermented to the surface,

intermediate and long siring casings were run in WDW No. 4. Details on the cementing and casing
program are included in Appendix 7-1 and summarized balow,

An intermediate casing string was run in WDW No. 4 and cemented prior to drilling into the
anticipated waste water plume. The 10 %-inch intermadiate string casing was set at 265078 ft KB,
" in & 14 ¥-inch hole drifled to 2656 ft KE. This zone corresponds to the arrestment strata within the
injection zone. The intermediate casing was cemented in iwo stages to minimize the fluid column
weight on the formation during testing. A Davis-Lynch 10 5, inch 8-round integral casing packer
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type 100-1075-1275 and a 10 %-inch 8-round M&F siage cerment collar type 778-MC were used for
staging. The casing was cementad as follows:

Stage 1. Standard Howco Cement with 2% CaCl, 6% microbond, v, Ibisack floccele, 0.5%
Halad 344, 1/10 of 1% FWCA.

Stage 20 Standard Howeo Cement with 2% CaCly, £% microbond, ¥4 Ibfsack
floccele, 0.5% Halad 344, 1740 of 1% FWCA.

The s}urry properties of the cement were as follows!

Sjurry Weight: 15.0 Iv/gal
Sturry Yield: 1.36 f¥/sack
Water Requirement:  6.20 galisack

The cement volume calculations were as follows:

062 .30 ft J-55, 40.5 Ib/ft casing 10% in.

235878 # L-80, 51.0 Ibffi casing 10 % in.

24 70 f cement packer, float sollar and shoe

16-in. casing set at 712.60 fi KB

Cement Packer Setat 1781.0 f KB

Hole Volume = (712.60 ft)(1.268 f2) + (1943 .40 f)(1.167 )= 3210 0
Stage 1 Hole Volume = (885 ft)(1.187 #2) = 1027 i

Stage 1 Casing Volume = (850.00 #)(0.630 %) = 542 ik

Stage 1 Required Cement Volume = 1027 - 542 = 485 ft*

Stage 1 Required Cement = 485 #%j(1.35 f*/sack) = 357 sacks

Stage 2 Hole Volume = (712.60 (1 268 fA)+(1078.4 f)(1.187 #2y = 2183
Stage 2 Casing Volume = (1791.00 ft){0.630 ) = 1128 it

The well was cemented on May 20, 1981, The first siage was cemented at & designed 20 parcent
excess with 415 sacks of Standard Howeo Cement with the additives noted above. The second
stage was cemented with 905 sacks of Standard Howeco Cement with the additives noted above at
a designed 20% excess. The BP Ressarch Cement Slurry Evaluation Report iz included as
Attachment 4 in Appendix 7-1 of this application. A simiiar svaluation was prepared by Halliburion.
The repotted cement slurry density was 15.0 ib/gal, with a2 yield of 1.36 #isack. The cement
developed a compressive strength of 1,638 psi in 24 hours,

For Stage 1, 45 sacks of excess cement were sirculated to the surface versus the calculated 58
sacks (78% of calculated). Approximately 12% excess cement was actually employed. For Stage
2. 120 sacks of excess cement were circulated to surface versus she calculated 120 sacks (83% of
calcutated). Approximately 15% excess cerment was actually employed. '
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The 7-inch fong string casing string was set as the final isolation of the open hole injection interval
and cemenied. This casing was sef &l 2885.35 f KB, significantly inside the modeied injection
interval for the Lima Site. '

The casing was cemented in the 9 Y-inch hole in two stages o minimize the fuid column weight on
the formation during cementing. A Davis-Lynch 7-inch integral packer, type 100-700-825 and stage
cement collar, fype 778-MC, were employed. The cement used was as follows:

Stage 1. Standard Howeo Class A cement with 2% CaCly, 8% WMicrobond, 0.25 lb/sack fiocoele,
0.5% Halad 344, 1/10 of 1% FWCA.

Stage 2. 50:50 Mix Standard Howeo Class A cement plus Zanesville Fly Ash, 8%
Microbond, 2% CaCly, 0 75%, CFR2, 0.5 D-Air, 2% MC-2, no gel.

The slurry properties of the cement were as follows:

Stage 1 Stage 2

Sturry Weight. 15.0 Ibigal 14.8 Ibigal
Shurry Yield: 1.36 it'fsack 4 22 fisack

Water Requirement: 8.20 gal/sack 4.85 gal/sack
The cement volume calculations were as follows:

2 850.78 ft 10%-in. casing

262,30 ft J-55, 40.5 Ibfft 10% i [.D. = 10.050 in. 145 #°
2388 48 & L-80, 51.0 b/t 10% in: 1D, =9.8500. 1264 ft*
§%-in. hole from 2650.78 t0 2,891 # 119 £
Totat open hole volume = 1,528 it

7-in. casing from 0 o 2885.35 ft O.D. volume =771 i

Total cament volume = 1,528 - 771 = 757

Cement packer set at 2,050 # KB stage coliar set at 2,043 £ KB
Stage 1 hole volume = 118 + 145 + 183 = 447 i

Stage 1 casing volume = 205 #° ‘

Stage 1 required cement = (225 #9001 36 #jsack) = 163 sacks
Stage 2 hole volume = 1.085 f°

Stags 2 casing volume = 546 #

Stage 2 required cement = {535 ﬁs)/m 22 ffsack) = 438 sacks '

The 7-inch casing was cemented on July 20, 1991, The first stage was cemented with 225 sacks of
Standard Howco Class A cement with the additives noted above. This volume was a designed
40% excess, The second stage was cementad with 475 sacks of 50:60 Pozmix, with the additives
noted above. This voiume was 2 designed 10% excess since the second stage cement job was all
inside the 10 %-inch casing. The BP Research Center cement evaluation reports for both stages
are included as Attachment 8 in Appendix 7-1 of this application.  Similar evaluations were
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prepared by Haliburion. The firsi stage cement developed @ compressive strength of 1,536 psi
after 24 hours. The second stage developed a compressive strength of 1,551 psi after 72 hours.

For Stage 1, approximately &5 sacke of excess cement were circulated to the surface with the
displacement versus the caiculated 62 sacks (105% of calculated). Approximately 40% excess
cement was aciually employed. For Stage 2, approximately 35 sacks of excess cement were
circulated to the surface with the displacement versus the calculated 37 sacks (5% of calculated).

‘Approximately 8.5% excess cement was actually employed.

The long string casings in WDW Naos. 1, 2, and 3 were cemented in two stages. The intermediate
and long string casings in WDW No. 4 were both cemented in two stages.

WDW No. 4 ‘ ‘

The technical specifications for the casing strings employed in WDW No. 4 are summarized in the
tanle below. The surface casing was New, inspacted at the mil and prior to shipment. [t was
cerfified o conform to API specification 50T Gr H40. The botforn six joints of the intermediate
casing were J-55, 40.5 b/t STRC R-3 casing and six were New, inspected at the mil and prior 10
shipment. This casing was cerified to conform o APl specifications 5CT Gr JB5. The remaining
58 joints of the intermediate casing were L-80, 51 b/ ST&C R-3 used casing that was inspectad i
ensure that it met published folerances for the grade and weight of casing. The 7-inch long string
sasing was New, inspected at the mill and third party inspected prior 10 shipment. The jong string
casing was certified to conform to API specifications 5CT &t NB0.

15.08 : _ 1,640

L-80 51.0 8.850 5.604 11.750 2,220 5,880 1,165 804
J-55 40.5 10.050 8.894 11.750 1580 3,130 629 420
N-80 230 £.366 §.24% 7.656 3.830 5,340 832 442

N-80 118 400 3,785 . 5.000 6,360 7,780 287 223

The total weight of the surface casing was approximately 45 850 lbs, approximately, 10 percent of
the 439,000 ibs joint yisld sirength. The maximum internal pressure that this casing is expecied 10
be exposed to is the cemant column weight (158 Ibigal) of approximately 585 psi al the casing
shoe. This value is approximately 35% of the rated internal yield strength.

The iotal weight of the intermediate cesing was approximately 135 150 tbs, approximately 17
percent of the 804,000 Ibs joint yield strength.  The maximum internal pressure that this casing is
expected o be exposed fo is the carment column weight (15 Ibigal) of approximately 2,066 psi at the
casing shoe. This vaiue is approximatsty 66% of the rated internal yield strength of the J-55 casing.
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The total weight of the long string casing was approximately 65,500 Ibs, approximately 15% of the
442 000 Ibs joint vield strength. The maximum external pressure that this casing would be
expected to be exposed to is the fuli column cement weight (15 Ib/gal) of approximately 2,250 pst at
the casing shoe. This vaiue Is approximately 58% of the rated coliapse resistance for this N-80
casing. The maximum aniicipated operating pressure for the annuius is 3,000 psi, approximately
48% of the rated internal yield strength for the N-80 casing.

The iotal weight of the 4 %-inch injection siring is approximately 33,500 lbs, approximately 15% of
the 223,000 Ibs joint vield strength. The maximum external pressure that this casing is expected ©
be exposed to is the maximum anticipated operafing pregsure for the annulus system of 3,000 psi
which ie approximately 47% of the rated collapse resistance for this casing. The maximum internal
pressure that this casing is expecied to be exposed to e the maximum permitted wellhead pressure
(WHP) of 825 psig (BHP = 2,131 psig) which is approximately 28% of the rated infemnal yield
strength for this N-80 casing.

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

The technical specifications for the casing strings employed in WDW No. 1 and WDW No. 2 are
summarized in the table below. The maximum stresses expected for these casing strings versus
the design ratings are summarized in Table 7-2. The 10-3/4-inch and 7-inch casing strings in WOW
No. 3 are also described in the table below. Stresses and design ratings for the liner and the
injection tubing that were instatied in Well No. 3 in January 2010 are provided in Table 7-2. These
tables illustrate that the casing strings in the INEOS injection wells are conservatively overrated
with respect to the maximum burst and collapse pressures at the maximum iensile siress which
may be experienced during the construction, operation, and closure of the weil(s).

H-40 10,182 10.038 11.750 1,820

7 J-55 - 200 5455 633 7855 2,270 3,740 318 234
4% N-B0 1.8 4.000 3.875 5000 8,350 7,780 267 223

Standard Class A cemant with appropriate addiives t© maximize the guality of the cement job were
used in the various casing cement programs. INEOS exparience with the wasie stream indicates
o reactions between the waste and the standard cemant. The waste stream is a highly bufiered
ammonium sulfate brine stream with a neutrat fo stightly acidic pH. No reactions are predicied
hetween the waste stream and the cements. This is confirmed by the tatest INEOS MIT results that
demonstrate the absence of significant vertical fliow at the well casing shoes In WDW No. 1, WDW ‘
No. 2, and WDW No. 3 over 35 years of continuous operation in the current service.

The four INEOS injection wells employ general purpose packers 10 make an isolated annulus
betwaen the long string casing and the injection string. A three-piece packing element system s
sealed against the long string casing by & dual lock ring system in conjunction with opposing non-
transferring slips to maintain positive pack-off. The packer used in Weit Nos. 1, 2 and 4 is a Baker
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Mode! "A" "Retrieva-D" casing packer. This packer is set with either & wirgline setfing tool or by
using a casing workstring, and can be released from the casing with a wireline retrieving iool.
Premature release of the packer from the casing is prevented by the latch retainer which covers the
ends of the laich retainer fingers, locking them fo the body. The latch refriever is secured in
position by four brass shear screws. The specific packer is a Baker 47C Mode! "A" Retrieva-D
nacker with 2 4 ¥-inch LTC pin down. The tachnical specifications for this packer can be found in
Appendix 7-2 that inciudes pages from the Baker technical manual. Sections of 4 %-inch. LT&C
casing are run beneath the packer into {he open hole interval to isolaie the section of the 7-inch
long string casing beneath the packer srom the turbulent injection flow. The packer setting detalls
are included in table below. The location of the packers in the four site injaction wells were
reviewed and approved by Ohio EPA gtaf through the review of well workover plans and reports.

WDW No. 1 2783 2757

2765
WODW No. 2 ‘ 2813 2784 2792 2864
WDV No. 3 2813 2793 + 2805 2831
WDW No. 4 2885 2862 2869 2814

A seal assembly is installed on the hottorm of the 4 ¥%-inch injection string. This consists of & Baker
iiode! 80-32 locaior type seal assembly, 316 stainiess stee| with & 3%-inch, B-round box premitem
saal assembly, three Baker Model 80-22 seal units, 316 stainiess steel, and & 2-7/8-inch by & foot
246 stainless steel production tube and % mule shoe guide. The packer materials are made from
315 stainless steel due to the high velocities and turbulence experienced by the flow through the
packer restrictions. The seal assembly rests in the polished seal bore of the packer, fulty isotating
the annulus. This seal assembly is free to move in the polished seal bore 1o accommodate thermal
expansion and contraction of the 4 Y%-inch injection string, minimizing tensile stresses on the
casing. Details of the packer and seal sssemblies are contained on Drawings 7-5 through 7-8.
INEOS maintains a full spare packer and seal assembly at the manufacturer's shop which can be
receivad onsite rapidly if required during workovers of the injection wells.

in the January 2010 workover of WDW No. 3, a ful-length & Ye-inch liner was instalied and
cemented. A new string of 3 %-inch injection tubing, internally coated with TK-68, and new Baker
Modet “FB-1" packer wate instalied. 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 annulus pressure that the packer is expecied fo see is 3,000 psig (1,500 psig
surface pressure pius 1,500 psig fiid column pressure) which is approximately 38 percent of the
rateq upper differential pressure capability of these packers. The maximum internal pressure that
the packer is expacted o experience is 2,150 psig (reflecting the nistorical 844 psig maximum
surface pressure plus 1,308 psig fiuid column pressure). This is approximately 36 percent of the
rated jower differential pressure capability of these packers. The maximum ternperature limitations



of the packer element system is 300°F, considerably higher than the maximum anticipated
operating temperature of 150°F. A fluid seal is not used in any of the existing INEOS injection
welis.

The INEOS contingency plan designed fo cope with all shut-ins or well failures is included as
Appendix 7-3. In addition, INEOS maintains severat monitoring plans in accordance with the
requirements set forth in 2746.34-57. These are summarized beiow.

Waste Analysis Plan

The maost recently updated UIC Waste Analysis Plan applicable to the injection wells is included as
Appendix 7-4 and meeis the requirements of ruies 3745-34-57(A) through (F) of the State of Ohio
Administrative Code in addifion o the permit requirements contained in Section D(3) of the INEOS
UIC Permit to Operate the Class | wells.

Corrosion Monitoring Plan
The most recently updated UIC Corrosion Monitoring Plan is included as Appendix 7-5 and is
submitied in accordance with rule 3745-34-57(G)(H) of the State of Ohio Administrative Code. The

Ohio EPA approved the current INEOS UIC Corrosion Monitoring Plan in a letter dated March 17,
1925.

Miechanical integrity Demonstrations

Mechanical Integrity Testing is conducied in accordance with rule 3745-34-57(1) of the Ohio
 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 7-6. These latest Mechanical
Integrity Demonstrations have been reviewed and approved by the Ohio EPA,

Groundwater Monitoring Plan
INEOS onginally submitted the groundwater rmonitoring plan on December &, 1883, In response o
comments received from the Ohic EPA, & revised plan was submitied on May 2. 1984, The Ohio

EPA approved the current INECS UIC Groundwater Monitoring Pian in a lefier dated March 17,
1995 ‘

The most recent UIC Groundwater Monitoring Program stafus report is included in Appendix 7-7
and inciudes  description of the program being implemented.

injection Zons Ambient Wonitoring Program

The monitoring program pian &t INEOS consists of annual ambiant monitoring of the injection zone.
The monitoring program plan is inciuded as Appendix 7-7. The results of the most recent injection
zone ambient monkoring is included with reports of the most recent mechanical integrity testing on
WDW No. 1, WDW No. 2, WDW No. 3, and WDW No. 4 that are included in Appendix 7-6. These
latest Mechanical Integrity Demonstrations have been reviewed and approved by the Ohic EPA.
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Seismic Monitoring Program
Salemic moniforing at INEOS was inifiaied in 1988 in accordance with permit requirements. The

seismic monitoring program is descrived in appendix 7-8. The Ohio EPA approved the current
INEOS UIC Seismic Monitoring Plan in 2 letter dated March 17, 1085

Auto Warning and Shutdown Plan :

The most recently updated UIC Auto-Warning and Shutdown Plan is inciuded as Appendix 7-3 and
is submitted in accordance with ruie 3745-34-57(G}H) of the State of Ohio Administrative Code.
The Ohio EPA approved the current INEOS UIC Auto-Warning and Shutdown Plan in & letter dated
Miarch 17, 1925, The results of the most recent dernonstrations of the automatic shutdown systems
are included in the reporie of the most recent mechanical integrity testing on WDW No. 1, WDW
No. 2, WDW No. 3, and WDW No. 4 that are included in Appendix 7-6. These latest Mechanical
Integrity Demonstrations have been reviewed and approved by the Ohio EPA.

WDW No. 4 was drilied during the period from March 11, 1991 through October 4, 1981 as the
Lima Stratigraphic Test Well Extensive tést'mg of the well was conducied that included a
c:omprehens'ive logging suite, obtaining over 2,250 ft of 4-inch diameter core, drill stem testing, and
performing an interference test {0 establish hydrogeologic properties of the gross Mt Simon
injection inferval. Details on the casing program are provided in Table 7-1 and well material
specifications are described in this chapter.



Well Design and Constru

Table 7-4

ction of the INEOS Injection Welis

INEOS WDW INEOS WDW INEQS WDW INEOS WDW
No, 1 No. 2 No. 3 -
Mo, 4

Elevation B72 ft 854 ft 856 gr2 ft

Total Depth 3133 #t 372 3165 §t 3409 §.

Type Completion Open Hole Opean Hole Open Hole Open Hole

Top injection Zone

(Top Eau Ciaire 2430 i 2418 % 2422 ft 2430 #

Formation)

Top Wt Simon 2810 ft 2800 ft 2803 f 2813 1

Sandstone

Top irjection 2783 /2830 #° 2813 # 2810 # 2BB5

interval™

Open Hole intervat 2830 fi- 3133 1t 2813 f - 3140 ft 2840 ft - 3140 f 2885 §t - 3140 ft

fier Plug Back” :

Susface Casing!

Hole Diameler
Size and Grade

Cement

ntermediate Casing
Hole Dismeier
Size and Grade

Cement

12¥e-in,
10%-in. 0.5,

35,75 Toffi, H-40, 8rd, R-3,

STEC @ 4321t

50 ske Surface Pozmix,
2% Cally,
12.5 Ibisk Gilsonite

75 sks Cless A, 2% CaCly
10 sks Class A, 3% CaCl,
pumped from surface down
_ boreholg, filied to surface

Mo infermediate casing

NAS

13%-in.
1084, 0.0,
3% 75 lhfft, H-40, 8rd @ 504 fi

400 sks Cless A
4% pel, 5% CaCl
12%, Gilsonite par sack cement
Cemented to surface
Girculated 58 bbls of sturty
tp surface

No intermadiate casing

WNIA

13_-n.
10%-in. 0.0,
83 75 Ibfft, H-40, Brd @ 505 it

235 sks Surface Pozmix and
29, CaCl, with 10 Ib/sk Gisonie
Cement cirsulated fo surface

No intermediate casing

NfA

201in.
16-n. ©.0,
g5 hfit @ 713 1t

Cemented o surface
wifh
50 sks Class A
plus 3% Call, plus
1/4-tpfsk Flocele.
Circulated to surface
with
35% excest.

43%4-in.
10%-in. 0.0, 40.5 Ipfit
and 51.1bft @ 2651 ft

Cemented in two
stages:
15t stage 415 ske
cement, (6%
icrobond
2% CaCl
0.5% Halad-344
v; Ibisks Flocels
0.1% FWCA}
Circulated to surface
with 12% excess.
ond stage 906 ske
8TD cament
Circulated to surface
with 15% excess.

Proteciion Casing:
Mole Diameter
Size and Grade

9in.

740 0.0, 20 b/, J-85, R-2,

STAC @ 2783 f

9in,
7-n O.13., 20 Ioft, J-85, R-2
@ 2813 #

gin,
74n Q.D.,.20 bift, -85, R-2
@ 210

2% in.
7-n 0.0., 23 Ibfft, N-
80, R-3 @ 2B85 ¥t



Cement

15t Stage

2ng Siape

Liner

Tubing

Packer

Botiomn of Tall Pipe

Annuius

TABLE 7-1 {Continued)

Two Stages

300 sks Pozenix and
100 sks Type 1l
Sef for 12 hrs

Set at 1,305 ft using
450 sks Pozmix.
Cireulated cement to
suriace,

5dn, 0.0, 18 b/, R-3
flush
joint carbon steet liner @
282D %

4%-in., 11,80 [b/f, N-BD

internally Coated
withTK-15 Epoxy
Coafing
@ 2810 &

Baker Mode! "A" Retrieva
D with seal locator
zssembly
Top @ 2757 &

28401t

inhibited NaCt brine with
pH adjusted to 10

Two Stages

250 sks Halliburton Light
with 18% CaCly, 100 sks
Type 1l with 18% CaCl
and 1v:% CFR-2.
Cisutated 35 bbs to
surface.

200 sks Hatiiburion Light
18% CaGly plus 50 sks
Halliburion Light, 18%
Call,
10 Ibisk Giisonite.
Circutated 18 bbis to
surface.

NiA

A%in,, 11.80 fbffi, N-80

internally Coated

withTK-15 Epoxy
Coating
272 R

Baker Mode! "A"
Retrieva D with ssal
locator assembly
Top @ 2790 1

2829 %

Inhibited MaCt brine with
pH adjusted 0 10

Two Stages

Two Stages
2850 gks Light with 2925 sks Class A with
18% CaCﬁz. 6% Wicrobond, 2%
400 sks Type N plus Calls,
18% Call with 1% 0.5% Halag-344,
CFR-Z. 0.1% FWCA, ¥ Tbisk

Floceie. .
Circutated 1o surface with
40% excess,

475 sk 50% Class A/

250 sks Light plus
80% Pozmix

18% Calh; plus
50 sks Light plus 18% 8%, Microbond, 2% CaCiz
CaCi; 0.75% CFR-Z, 0.5% D-
with 10 Ihisk Gitsonite. Air 4
2% He-2.

Cement cicuiated to

surface. Cireulated to surface with

8.5% excess.

5 %-in. ©.D., 15.5 b, WAA

J-55, R-3 @ 2813 1L

AV, 11,60 At N-BD

inernally Coaled
withTH-15 Epoxy

3., 9.3 b, 255

Intemally Coated

with TK-69 Epoxy
Coating Coating
@ 2783 ft @ 2882 {1

Baker Model "A" Refrieva

Baker Model "FB-1"
D with seal locator

packer with seal locaior

assembly assembly
Top @ 2783 1 Top @ 2862 f
2831 f#t 2800 ft

Inhibited NaCt brine with

inhinited NaCi brine with
pH adjusted fo 10

ph adjusted 10




TABLE 7-1 (Coniinued)

& Data for All Wells
injection Pressurs:

Average/Maximum 750/825 psig

Injection Zone Lithology ‘ Sandsione, Sitstone, Dolomite
" Confining Zone Lithology ‘ Shale and Dolomite

Fommation Fiuid

pH BG-7.3

Specific Gravity 1.075

Temperature a8 F
Injectate

pH 45-6.0

Specific Gravity 1,015 1.08

Temperature a0"- 105°F
Volume (gpimy) .

AverageiVel 140

MaximumAfiall 240

instantaneous Maximum 5680

{per site)

= Al slevations are provided with respest fo KB. :

®Top of the injection interval is equivalent to the casing shoe of the protection casing.

* proposed casing setiing depth affer workover on WDW Ne, 1.

SWDW Ne. 2, WDW No. 3, and WDW No, 4 wit be plugged from iotal depth with cement.
. ¢ NIA = not applicable.
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INEOS USALLC
Lima, Ohio
WDW #2

ATTACHMENT D

OPERATION AND MONITORING REQUIREMENTS

INJECTION WELL MONITORING SYSTEM
WASTES PERMITTED TO BE DISPOSED IN INEOS
USA LLC CLASS | INJECTION WELLS



INEOS USA LLC
Lima, Ohio
WDW #2

ATTACHMENT D

|, Operation and Reporting Requirements



QPERATQNG, MONITORING AND REPORTING REQUIREMENTS

WDW #2
MINIMUM ~ MINIAUM
' MONITORING REPORTING
CHARACTERISTIC LIMITATION REQUIREMENTS
REQUIREMENTS '
Maximum Minimum Freguency Freguency
*Maximum Allowable 839 psig continuous
Injection Pressure
Not to be exceeded
*Bottomhole Pressure sy 2100 psig
Annulus Pressure 50 psig higher than continuous monthly
injection pressure
throughout entire
tubing
Flow Rate (combined wastestream) . continuous monthly
Flow Rate (Fort Amanda wastestream) continuous monthly
**Flow Volume (combined wastestream) ‘ continuous . monthly
Flow Volume (Fort Amanda wastesiream) continuous monthly
Temperature ‘ | continuous monthly
Sight Glass Level daily monthty
Corresponding Annulus Pressure daily monthly
Corresponding Waste Temperatures daily monthly
Corresponding Injection Pressure daily monthly
‘ Corresponding Flow Rate daily monthly
- Cumulative Volume (combined wastestream) daily monthly
Cumulative Volume (Fort Amanda wastestream) daily monthly
Specific Gravity svery 4 hours  monthly
pH (combined wastestream) weekly monthly
pH (Fort Amanda wastestream) weekly monthly
*+Chemical Composition of [injected quarterly monthly

Fluid] combined wastestream
= MEK concentration in Fort Amanda wastestream quarterly monthly



*Injection Pressure. MASIP = 2800 x [0.75 - (0.433 x 1.04)] where:
0.75 = applied fracture gradient in psifft
1.04 = fluid specific gravity (maximum)
2800 = depth to the top of the injection interval in
feet

The maximum allowable botiom-hole pressure (BHP maxy Shall
be calculated using the following formula:

BHP max = (0.75) (2800)

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

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

= MEK: Quarterly sampling of the Fort Amanda wastestream sha!lrbe
conducted in accordance with the Waste Analysis Plan



INEOS USALLC
Lima, Chio
WDW #2

ATTACHMENT D

ll. Injection Well Monitoring System
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INEOS USA LLC
Lima, Ohio
WDW #2

ATTACHMENT D

1Il. Wastes Permitted to be Disposed in INEOS
JSA LLC Class | Injection Wells
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Table 2B-1
Waste Streams 1o be Managed in the Underground Injection Sv

stem

Bottom stream from the wastewater stripper in the production of acrylonitrile (

KO11);

Bottom stream from the recovery column in the production of acrylonitrile (K013);

Batch Still Bottoms from the production of acetonitrile (K014}

Kill Kettle pump out from the production of acetonitrile;

Bottoms from the brine stripper from the production of acetonitrile;
Dottoms from acetonitrile drying columnn from the production of acetonitzle;
Condensed overhead streams from the production of acetonitrile;
Crude-Offspec acetoniiriie streams;

Characteristically corrosive wastewaters (DO02);

Wasiewater from the catalyst manufacturing unit;

Regeneration wash water from the resin freatment of poduct acry]onétrilé;
Stormwater pond overflow;

Caustic or acid from equipment cleaning;

Offspec products from the manufacture of acrylonitrile (U00S/PO63);

Unsaleahle co-product acetonitrile from the manufacture of acetonitrile (L003);

Contaminated groundwater and multi-source isachate (FO39),

Ammonia blowdown;

Scrubber wateT;

Slopwaier from the acrvloniirile process arcs;

Contaminated Stormwater from the process area;

Pump seal water from the acrylonifrile process area;

Water from the loading / unloading area sump;

Contaminated groundwater;

Contaminated waier from site remediation activities,

Equipment washwater;

Laboratory chermicals; _

Wastewaiers generated during maintenance activities in the nitriles ares,
Wastewater from the manufacture of cyanide derivaives at Fort Ammanda Speci
washwaters, slopwaters, lab chemica.ls; etc.

alties including



Wagie Cn

ol - Botoon strean from (he wasteparer stripper in (he proeducton of acrviondtlie;
o1y - ‘Boton sirean Srom: the resovery eulim: i the produston of acrvionisile;

i iateh, sGl botioms from (g production of acelonicrile;
DOgL - Igniizlbiiity '

DO0E - Chrarasieristically eprposive Wastewralers;

o - Cyanides

Do0d - Arsemie

DoEs - Barinm

Dots - {CnGrainmg

DOGT - Wastswasss conizining mors than & megl shuomin,
DopE - Lead

oes - hieroury

Deie - Selenium

DHLL - Stiver

DeLE - Wasiewaiers containing mors (ban 0.5 mg/l berzens;
DGLE - Benzans

DOLe - Carbun, jetrachlongs

Dozs - wisthyl iyt Ketone .
Do%g - Wasiewais containing mors (hen, § Myl prridine
Dizs - Eyridins , .

FIE - Conlaminated srovndwatesfmuli-sourss leachals;
X L Wieltt-pourss isachate

PO03 - Aeroleln

Bes - Al alicohot

2030 -

yanids Sais

POE: - Fiydrogst. cranide
Bg® . - Aesions Cyanobydne:
Beg - Potassium cvanide
FIGL - Froplonieriie

PLOE . Sodiwm cyanide
PLZG - Yanadinn Pentoxids

UaGE - Aceteldeyde
oz Acsiong

T3 - beetoniicile

0T - horviamide

TooE - Aerylic acid )
Joge - Abrylonitrile

Teis - Benzens

044 - " Chiorpfogm '
vess - Crotonaldehyds '
K - Cyclohexane

Ues7 - Cycloheyamons
TORG - kisthylene chiorids

ULz - | Byl acetate
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Table ZB-3
Tvoical and Maximum Concentrations of the Main Coptaminents of the Comigpled

ipiectate o be Manaced in the Undersround Injection Systerm

- Acetamide 60-35-5 2,500 100
| Acetaldehyde 75070 500 100
Acetic Acid ' 64-19-7 1,500 800
Acetone £7-64-1 500 175
. Acetone Cyanohydrin 75-86-5 1,500 <10
- Acetonitrile 75-05-8 235,000 1,600
| Acrolein 107-02-8 500 <235
Acrylamide _ 79-06-1 1,500 600
: porylic Ackd 79-10-7 15,000 4,000
Aorylonioiie 107-13-1 T5,000 500
L Allyt Alcohol 107-18-6 500 <i0
Benzens 71-43-2 1100 <5.0
- Crotonaldehyde 41770-30-3 50 <10
| Crotonitrile (Allyl Cyanide) 109-75-1 250 50
. Formic Acid! 64-18-6 5,000 - 225
. Formaldehyde 50-00-0 1,000 _ 40 E
. Formamide 75-12-7 250 100 ;
- Fomaronitrile 17856-09-5 1,000 300
L HON (Free) 67-56-1 300 365
| HCN {Total) 74-90-8 _ 5,300 550
- {sopropy} Alcohol 57-63-0 300 <25
| vialeonitrile 928-53-0 5,000 300
- IMethanol £7-56-1 10,000 60
- jviethyacrylonitrile 126-98-7 - 100 <20
- Methylethyl Ketone 78-93-3 250 <35
- Methy! Pyridine . i 108-99-6 250 50
- Ivialononitrile 195-77-3 500 <100
| Wicotinonitrite (3-Cyanopyridine) 100-54-9 1,500 500
| Propionitrile 107-12-0 500 10
| Pyrazole 288-13-1 1,600 300
- Pyriding 110-86-1 500 110
¢ Sodium Cyanide : 143-33-9 300 @5
. Succinonitrile 110-61-2 1,500. 250
Antimony 7440-36-C 25 1.0
| Arsenic 7440-38-2 25 0.05
| Barium . 7440-39-3 25 <02
- Cadmium 7440-43-9 25 NA
+ Chromium 7440-47-3 25 0.22
- Cobalt 7440-45-4 25 0.5
- Lead - 7439-92-1 25 <1.0
| Nicke! T440-02-0 25 1.0
. Mercury 7439-97-6 25 <i.0
. Strontium 7440-24-5 25 1.0
- Selenium 7782-48-2 25 <i.0
Vanadium T440-62-2 25 <}.0
| Sifver 74490-22-4 25 <1.0
- Zinc 7440-66-6 100 0.05




Vanadium Pentoxide
' Glycolonitrile

- Nitrilotriacetonitrile (or acid)
- Hexamethylenetetramine (or acid)
- IDAN (or acid)

Sl

DMH
MEH
EDTN (or acid)

- PDTN {or acid)

Ethyl Acetate
Oleic Acid

: Oleoylsarconsinate
' Diethylenetriaminepentaacetic acid

i 4-Butanediol {lo-~U% -

' 1,3-Butznediol 1 67 ~8F -0

1 3-Propanediol §O4 kYT

t,2-Propanediol 97~ §5 N

Butyrolacions & == €Y
etrahydrofuran —169~79-%

- Bthanol - &4 - ri- 54
| Propanol  TA- LY
Butanol 10 B0
| Butanetriol ™.

Succinic Acig ~ 1o~ e

13 14-62-1
107-16-4
1327-60-8

108-97-0
628-87-5
77-7i-4
5304-36-5
5T66-67-6

11057-45-9

141-78-6

112-80-1

118-25-8
£5959-68-8

<50
<50
<50
<50
<50
<50
<50
<50
<50
<50
<50

*+ jesumed Monthiy maimum sverage soenceniration
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INEOS USA LLC
Lima, Ohio
WDW #2

ATTACHMENT E

CORRECTIVE ACTION PLAN



8.0

ARTIFICIAL PENETRATIONS

INEOS has elected to research all artificial penetrations within a nominal radius of 10 miles. This
radius extends well beyond the furthest extents of both the 10,000-year projection of lateral plume
migration and the Cone of Influence (Section 5.0). In the preparation of ihis section, the main
source of information regarding all oil and gas wells in Ohio was & compuier database compiled by
the Ohio Depariment of Natural Resources, Division of Mineral Resources Management (ODNR
DMRM). Staff of this agency provided & subset of this database fhat listed wells within 2 15-mile
radiug: This larger radius was seiec'ted because location information for some wells is limited o
listing the township. Townships are generally &-mile-by-6-mile squares. Thus 2 15-mile radius was
considered adeguate fo encompass fhe "mominal” 10-mile radius cited above. Wells in the ODNR
DMRM database within 10 miles at the INEOS site are listed in Appendix &-1. Wells for which Ohio

State Plane coordinates are iisted in the ODNR DMRM database are piotted on Drawing 6-1.

Sermit humbers on Drawing 5-1 are listad in Appendix 8-1.

Table 6-1, the list of wells deeper than 1800 fest (sub-1800 foot welis) was updated to Aprit 2010
Well records are provided in Appendix 82 Wellbore schematics for the sub~-1800 foot wells are
provided as Figures 6-1 through 6-8. No wells penetrated 1800 feet since the last records search
(1998). in addition, map PG-2 (Revised 8/2004), which plots wells dritied below the Knox Dolomite
published by the ODNR, DES, was utilized (Figure &-10}.

As shown in Table 6-1 and on Figure 6-10, the only wells within the 10-mile AOR that have
recorded depths below the base of the Knox Dolomite are the INEOS injection wells and the
Hubbard, D-1, Permit No. 60668 in Table 6-1.

in the records search performed for the 1994 No Migration Petition, two wells were found permitted
s D-1 and D-2, which reportediy had total depths of 2830 feet and 1951 feat, respectively (Tabie &-
1). Records for these wells are considered fo be sufficiently incomplete, that further ressarch was
warranted, The state of records and other information is discussed below:

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

«  The D-1 well (2630 feel} does not appear on the PG-2 Map (Figure 8-10) of sub-Knox
Dolomite wells.

o In an attempi to verify that the wells permitted as D-1 and D-2 were ever drilied, a fisld
invesfigation was made on August 144991, The D-1 well, logged by Hubbard, is locaied
in Section 18, Auglaize _Township‘ alien County, and approximately 8 miles southeast of
the plant's injection wells. There is no evidence of this well location anywhere on the
farm based on interviews, and the present resident of 40 years does not recall such 2
well. The tract of tand has been in his family for many years and there is no knowiedge
of = well ever having been drilled on this property.

6-1



e A fizld reconnaissance was aiso made of the well permitted as D-2 (the J W, Sellers No.
5 well). The record of this well is very limited with no location indicated on the card
racord. Maps of the Ohio Histarical Society were reviewed and it was determined that
the location of the No. 5 well agreed with the current- (as of 1981) Shawnee township
map. For investigative purposes, the No. 6 well location was assumed to be correct on
the current map as of 1991, Assuming this 1o be correct, the Seliers No. © wall location is
approximately 2.6 miles south of the plant in & small lot subdivision. There s no
evidence of a well having been drilied on these properties from the field reconnalssanca
trip. -

Based on the existing records, D-2, with 2 fota! depth of 1051 feet, does not penetrate the confining
sone. The ioial depth of D-1, 2630 feet, is close to the 1op of the injection interval However, the
iocation of this wel, approximately § miles east-southeast of INEOS, is outside the cone of
influnce, and consequently outside the area of review as narrowly defined by conservative non-
endangerment criteria. It should be noted that the 10-mile radius was an arbitrary and over-
conservative choice for the area of investigation of artificial peneatrafions.

It should be noted that many of the wells spotied on the maps on-file with the state, and iisted in the
ODNR DMRM database, do not have total depths assigned fo them. This is because many welis
ware drilled in the iate 1800's and garly 1900's before accurate records weie kept. As discussed in
the following section, the ol productive intervai in the AOR is the Trenton Lirmesione at
approximaiely 1250 feet As the Trenton Limestone was the obiective of the early wells that lack
records, it Is extremely doubtful that any earfy well penetrated the sub-Knox Dolomite formafions
(injection zone) as there was No sub-Trenion production then and thare has never been sub-
Trenton production established in the area of the ADR.

in conclusion, it has been dstermined through an update of oil and gas recorcs, ingorporation of the
ODNR DGS Map PG-2, and field reconnaissance that wells documented to have peneirated the
injection zone within the cone of influence of the INEOS injection wells do not pose issues for
corrective action. If well D-1 exists, this welibore will not experience pressurization sufficient 10 dr_i\fe'

vertical migration because it is located outside of the cone of influence.

Corrective Action Plan
As indicated above, no corrective action is required for wells within the ADR.

Water Well Search

Water well jocations are plotted on Drawings 6-2, 6-3, and B-4. Topographic maps (USGS quad
sheats) with water well locations through 1966 were copied at the ODNR, Division of Water and
utifized for Drawing 6-2. Revised locations of wells drilled to September 2004 were downioaded
trom the ODNR, Division of Water databzse and piotied on the topo map base and shown on
Drawing 6-3. Locations of wells drilled from September 2004 through mid-April 2010 were
downicaded from the Division of Water database and were plotted on Drawing -4, Monitoring well

iocations at the INECS facility are also provided on Drawing 2-1.
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Miines, Karst Areas, Flood Areas and Other Features

Several quarrias and gravel pits are present within the AOR (Drawings 6-2 and 6-3). According io
the Ohio Mineral Industries Report, 2002, these extract sand, gravel, limestone and dolomite for
various indusirial purpeses. These wilt not be affected by injection operations. No coal mining
occurs in western Ohio and mines are not present in the AOR.

The arez of the AOR is covered by Pleistocene glacial deposits which overiie Silurian limestone
and dolomiie. The map of Ohio Karst Areas (Figure 8-11) does not include karsting in the AOR.

The Twin Lake, Lost Creek, Metzger, Lima and Ferguson Reservoirs are present o the northeast of
the INECS facility (Drawings 6-2 and 8-3).

Appendix 6-3 is a 100-year floodplain map that demonstrates that the INEOS facility is not located
in an area subject to flooding hazard.

Hydrocarbon storage caverns are located adjacent to ine INEOS faciiity, to the southeast. None of
these is greater than 1800 feet deep. Information regarding these wells is included as Appendix -
4. '

Ol and Gas Resources Within the AOR

The Trenton Limestone at approximately 1250 feet is productive of oil and gas within the 10 imile
ADR {Drawing 6-1). Trenton Limestone production is part of the giant Lima-indiana Trend, which
includes 60 actual individual fields, and extends for 185 miles from Toledo, Ohio scuthwestward 0
Indianapolis, indiana (Figure 6-12; Wicksirom, et al, 1982).

The Lima-indiana Trend was extensively drilled in the jate 1800's to early 1900's with peak
production in 1885 (Figure 6-13). By 1910, the fields were largely depleied (Wickstrom, et al,
19823,

No formations baslow the Trenton Limestone are productive of oil and gas within the AOR. No
commarcial oil and gas production has been established jrom any sub-Knox Doiomiie formations in
Ohie (Harris and Baranoski, 1996}, Therefore, there has been no commercial oil and gas
production from the confining or injection zones.
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INEOS USA LLC
Lima, Ohio
WDW #2

ATTACHMENTF

QUALITY ASSURANCE ACKNOWLEDGMENT



ATTACHMENT F

QUALITY ASSURANCE ACKNOWLEDGMENT

| hereby affirm that all chemical data submitted for Injection Well Permit No. *

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

Ohio EPA Quality Assurance Plan and the "W‘aste Analysis Plan”, developed as

required by OAC Rule 3745-34-57. | also acknowledge the right of Ohio EPA to 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

*

03-02-003-PTO-
03-02-004-PTO-
03-02-005-PTO-
03-02-008-PTO- For

Name of Company



INEOS USA LLC
Lima, Ohio
WDW #2

ATTACHMENT G

CERTIFICATION PURSUANT TO OAC RULE 3745-34-59 (E)



3.0 WASTESTREAM JUSTIFICATION

Section No. 59(E)

(C) The owner or operator will provide a certification that states:
(1) The generator of the hazardous wastfe has a program to reduce the volume or
quantity and foxicify of such waste fo the degree defermined by the generafor fo be
economically practicable; and _
(2} Injection of the waste is that practicable method of disposal currently avalfable to the
generator which minimizes the present and future threat fo human health and
environment.

Summary

Alternative handiing and disposal options for process wastewater from the production of
acrylonitrile have been extensively studied by INEOS. Options io reduce wastes
generated by the process (waste minimization) have been evaluated as well as options
for elimination of deepwell disposal that rely on above ground treatment and disposal
tschnigues. The results of this investigation show that while alternatives to deepwell
injection may exist, these alternatives are less protective of human health and the
environment and are not readily capable of being put into practice due 1o technical
imitations.  Furthermore, waste minimization was found to be the best approach, as
currently practiced at the Lima Chemical plant, when practiced in t:ohjunction with
deebwei! injection. Since approximately 2.5 pounds of water is generated for each
pound of acrylonitrile produced, water will always need to be disposed of from the
process aven with efficient waste minimization.

The viable surface ftreatment options for efimination of deepwell injection involve
incineration of the entire wastewater stream or incineration of polymers formed in the
produciion of acrylonitrile after separation from the wastewater. In addifion, all of the
reatment options considered result in significant air emissions, surface water poliution
‘and generation of industrial sludge which must be either landfilled or incinerated, all of
which may result in exposurss 10 the public. In comparison, deepwell injection does not
rasult in these environmental negatives and exposure of poliution to the. public,
The.reforé, i is concluded that deepwell injection of wastewater at the Lima Chemical
plant is the practicable method currently available which minimizes the present and
future threat to human health and the environment.

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



Background

All 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
fAuidized bed catalytic reactor. Wastewater is generated in the process dus to the
stoichiometry of the reaction {approximately 2.5 pounds of water is made for gach
pound of acrylonitrile) and the use of sulfuric acid in the quench step to remove excess
ammonia from reactor effluent gases. Currently all producers of acrylonitrile in the U.S.
use deepwell injection for wastewaier 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,
numearous alternatives for wastewater handiing and disposal have been evaluated.
Deepwell injection was first practiced in 1968 and eliminated the environmentai
smissions associated with the previous operations, which was discharge of dilute
process wastewater to the Ottawa River which created water quality problems, and the
incineration of the contaminated process wastewater which resulted in tremendous NOX
and SOx emissions. Alternatives that are technically available are full incineration of the
wastewater and use of process modifications 1o vield biotreatable water for surface
discharge and incineration of the organic polymers. These will be described in the next
section along with the other hanaling and disposal alternatives that have been studied
over the years and have been found not to ha technically available for implementation.

Deepwell Alternatives

INEOS had a research program that has evaluated and studied alternatives to deepwell
injection for disposal of acrylonitrile production wastewater. information on alternatives
has been gathei’ed over the years from a number of sources. These include contact
with other acrylonitrile producers, the Nafional Technical information Services (NTIS) of
the US. Department of Commerce, contact with universities and privaie research
foundations, equipment vendors, and various intemal searches of fiterature and
research databases. This has yielded a comprehensive list of technologies that could
be applicable o treatment and disposal of acrylonitrile wastewater. The technologies
identified fall into the foliowing categories:

s process changes which alter the nature and treatability of the wastes
incineration
biologicai treatment methods
physical/chemical treatment methods
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s  combinafions of tha above

The next step was to identify the technologies within these categories that are available -
and demonstrated for treafing acrylonitrile production wastewater. This yielded the
following options:

e liquid incineration with tail gas desulfurization

e process changss with surface treatment of the wastes - bioiogicm treatment
of water, incineration of organic polymers; and, separation of ammonium
sulfate galt.

All of the other technologies identified were considered not viable for various reasons,
such as not being demonstrated on acrylonitrile production wastewaters or treatment still
required deepwell injection of residual wasiewaters. A brief description of the remaining
two options which are considered technically viable is given below.

incineration

incineration is a proven technology for treating a variety of organic bearing wastes,
especially fiquid or water-based wastes that flow freely. 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
low-NOX technology to minimize SOx and NOx emissions. Although this technology
appears available, there are no operating units which have demonstrated the low-S0x
and NOx technology on acrylonitrile production wastewater, Furthermore, since the
wastewater contains only 1% organics and 2 high sulfate jevel, a tremendous amount of
fuel will be needed to fully combust the wastewater and the desulfurization step will
generate tremendous guantities of sludge (solid waste), not to mention the sizable
increase in total NOx emissions that wouid be generated.

The permitting of an incineration option has been reviewed and it is anticipated that
“obtaining a hazardous waste incineration permit will take more than seven ysars and
thousands of man-hours of fime.  Clearly, the availability of this alternative to deepweli

injection is highly guestionable given the current reguiatory and political environment in
the state.

Basad on the above discussion, it is concluded that incineration or any alternative that
refies on incineration as a component of that aliernative is not a viable or practicable
method available to eliminate despwell injection.



Process Chanoes With Surface Treatment of Wastes

INEOS has identified process changes that could be made {0 the acrylonitrile process
that would minimize and alter the waste streams that are generated. These process
changes would accomplish three things - (1) concentration of the organic polymears in
one stream for incineration: (2) concentration of the ammonium sulfate salt in ancther
stream which could then be crystalfized; and, (3) production of a wastewater stream with
imited organic concentration which couid be Hiologically treated for surface water
discharge. Although all of these process changes have not been implemenied at any
acrylonitrile plant, each of the various changes appear technically feasible and couid be
practiced simultaneously for slimination of underground injection of acrylonitrile
wastewater.

The implementation of these process changes as an alternative fo deepwell iniection is
not considered a practicable option at this time for three reasons. First, as discussed in
the last section, addifion 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 landfilled as hazardous waste since the salt is
derived from a hazardous wastewater. This approach would be a cross media franster
since it merely replaces underground injection of these salts with landfilling which is not
considersd as environmentally protective, Lastly, the "clean" wastewater that would be
biologically treated would have to be discharged to the Ottawa River which is a water
quality limited stream. infroduction of a new discharge would be critically reviewed and
the efflusent from treatment would have to mest water quality standards. Treatment of

this water to water quality standard is not proven fechnology and is not a demonstrated
aliernative.

in conclusion, the process changes that couid be implemented to efiminate underground
injection of acrylonitrile production wastewater are not considerad available practicable

approaches.

Fort Amanda Specialties Deepwell Alternatives

The Fort Amanda Specialties weaste streams are very similar to the acryloniirile process
wastewater, i.e., they coniain ammonia, suifate, cyanide and nifriles. Due to their
similarity, the same aliernatives for wasie handling and disposal apply, as well as
firnitations to impiemeantation.



Conciusion

Based on the discussion above, no practicabie methods were identified that are
avaiiable to eliminate underground injection of acryionitrile production wastewater from
the Lima Chemical piant. INEOS hereby certifies, as required by Ohio Administrative
Code (OAC) 3745-34-59(F), that no practicable alternatives fo deepwell disposal exist
for the Lima Chemical plant. INEOS is committed, however, to continue investigating

options to despwell injection and options that minimize the wastes generated from the
acrylonitriie process.

Waste Minimization Cerfification

in accordance with requirement Part li(H) of the above-referenced permits to operate
and Ohio Revised Code Section 6111.045, INEQS has prepared and jorwarded to the
Ohio EPA the iatest revision and update of the facility waste minimization plan in 2008.



