OHi E.PA,
- JAR2T Ay
OHIO ENVIRONMENTAL PROTECTION AGEN&@F RED DIRECTOR's JOURNAL
DIVISION OF DRINKING AND GROUND WATE_RS,

UNDERGROUND INJECTION CONTROL PERMIT TO OPERATE:
CLASS | HAZARDOUS WELL

Ohio Permit No.: UIC 03-02-005-PTO- I
US EPAID No.: OHD 042157844 i e
Date of Issuance: January 27, 2011
Effective Date: January 27, 2011
Date of Expiration: January 27, 2016 7- i
Name of Applicant: INEQS USALLC
Waste Disposal Well No. 3
Mailing Address: P.O. Box 628
Lima, Ohio 45802-0628
Facility Location: 1900 Fort Amanda Road
Lima, Chio 45804
County: Alien Township: Shawnee
Section, Quarter Section: Section 2
Latitude/Longitude: 40°43'06"N/B4°07'58"W
Injection Interval: Eau Claire and Mt. Simon from 2803 to 3213 feet (KB)
Containment Interval:  Eau Claire from 2422 1o 2803 feet (KB)
Injection Zone: Eau Claire, Mt. Simon, and Middle Run from 2422 to
3213 feet (KB)
Confining Zone: Knox from 2094 fo 2422 feet (KB)

Pursuant to the Underground Injection Conrol rules of the Ohio Environmental Protection
Agency codified at Chapter 3745-34 of the Ohio Administrative Code, the applicant
(Permitiee) indicated above is hereby authorized to operate a Class | injection well at the
above location. The complex is divided into three operational groups on one contiguous
site. The Nitriles production operations are owned and operated by INEOS USA LLC



(INEOS). The Nitrogen production process is owned and operated by PCS Nitrogen Ohio
L.P. Fort Amanda Specialiies LLC owns and operates an on-site facility that uses a by-
product from the Nitriles process as a feed stock for. their chemical manufacturing
operations. The permittee is authorized fo accept waste from the Nitriles production and
Fort Amanda groups, upon the express conditions that the permittee meet the restrictions
set forth herein.

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

This permit shalt become effective on JAN 27 ?@?ﬁ and shall remain in full force
and effect during the iife of the permit, uniess 1) the statutory provisions of Section 3004
(f), () or (m) of the Resource Conservation and Recovery Act ban or otherwise condition
the authorizations in this permit; 2) the Agency promulgates rules pursuant to these
sactions 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 to relieve the
permittee of any duties under applicable state and federal law or regulations. '

This permit and the authorization to inject shall expire at midnight, uniess terminated, on

the date of expiration indicated.

Scott J. Nally \Director
Ohic Environmental Protection Agency
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B.

PART |

GENERAL PERMIT COMPLIANCE

EFFECT OF PERMIT

The permittee is authorized to engage in operation of underground injection in
accordance with the conditions of this permit. Notwithstanding any other provisions
of this permit, the permittee authorized by this permit shall not construct, operaie,
maintain, convert, plug, abandon, or conduct any other injection activity in a manner
that allows the movement of injection, annulus or formation fluids info underground
sources of drinking water (USDW). Any underground injection activity not
specifically authorized in this permit is prohibited. Compliance with this permit
during its term constitutes compliance for purposes of enforcement, with Sections
6111.043 and 6111.044 of the Ohio Revised Code (ORC). Such compliance does
not constitute @ defense to any action brought under ORC Sections 6108.31,
5100.32 or 8109.33 or any other common or statutory law other than ORC Sections
8441.043 and 5111.044. Issuance of this permit does not convey property rights of
any sort or any exclusive privilege; nor does it authorize any injury to persons or
property, any invasion or other private rights, or any infringement of State or focal
law.

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

PERMIT ACTIONS

1. Viodification, Revocation, Reissuance and Termination. The Director may,
for 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 3745-34-25. The filing of a reguest for a
permit modification, revocation and reissuance, or termination, or the
notification of planned changes, or anticipated noncompliance on the part of
the permittee does not stay the applicability or enforceability of any permit
condifion.
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2. Transfer of Permits.  This permit may be transferred to & new owner or
operator only if it is modified or revoked and reissued pursuant to OAC Rule
3745-34-22 (A), 3745-34-23 or 3745-34-24, as applicable.

SEVERABILITY

The provisions of this permit are severable, and if any provision of this permit or the
application of any provision of this permit to any circumstance is held invalid, the
application of such provision 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 o 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. {f 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 he 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 Ohioc EPA may
deny the claim without further inguiry. Claims of confidentiality for the following
information will be denied:

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

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

permit requirement is subject to injunctive relief, civil penalties, fines, and/or
other enforcement action under ORC Chapter 6111, 5109 or 3734. Any
person who knowingly or recklessly violates permit conditions may be subject
to criminal prosecution.

Continuation of Expiring Permits.

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

b. Permit Extensions. The condition of an expired permit shall continue
i force in accordance with ORC Section 119.08 until the effective
date of a new permit, if:

i The permittee has submitted a timely and complate 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 or expired permit the Direcior may:

i. Initiate enforcement action based upon the permit which has
been continued;

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

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

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

Need fo Halt or Reduce Activity Not a Defense. It shall not be a defense,
for a permittee in an enforcement action, that it would have been necessary
to halt or reduce the permitted activity in order to maintain compliance with
the conditions of this permit or any order issued by the Director or & 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 acceleraied or additional
monitoring or testing or both. If suchis performed, the data collected shall
be submitted to Ohio EPA in a writien report.

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

Duty fo Provide Information. The permittee shall furnish o the Director,
within a time specified, any information which the Director may request to
determine whether cause exists for renewing, modifying, revoking and
refssuing, or terminating this permit. To determine compliance with this
permit, or fo 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 Entry. The permitiee shall allow the Director, or an
authorized representative, upon the presentation of credentials and other
documents as may be required by law 1o

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

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

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



10.

a.

Records,

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

The permittee shall maintain copies of records of all data required 1o
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
longer. This period may be extended by request of the Director.
The permittee shall retain copies of records concerning the nature
and composition of all injected fiuids pursuant o Part | (E) (10) of this
permit until three (3) years after the completion of well closure which
has been carried out in accordance with the approved closure plan,
and consistent with OAC Rule 3745-34-61 (F) (5).

The permittee shall continue to retain such copies of records after the

refention period specified by paragraphs (a) 1o (c) above, unless he or

she deiivers the records to the Dirsctor or obtains written approval
srom the Director to 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 sampiing
or measuramenis,

fil. A precise description of both sampling methodology and the
handiing and custody of samples;

v, The date(s) analyses or measurements were performed;

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

vi. The analytical techniques or methods used; and

vii.  All results of such analyses.

Monitoring.  Samples of injected fluids and measurements taken for the
purpose of monitoring shall be representative of the monitored aclivity.
Monitoring results shall be reported monthly in accordance with OAC Rule
3745-34-38 in a format acceptable 1o the Director and as set forth in
paragraph 12 below.



11.

12.

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

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

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

Signatory Reguirements.  All applications, reports or other information,

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

Reoortinci Reauiremenis.

a.

Planned Changes. The permittee shall give written notice to the

Director, as soon as possible, of any planned physical alterations or

additions to the permitted facility. Replacement of equipment that is

equivalent fo existing equipment is not inciuded in this requirement.

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 reguirements.

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
submitted in writing no later than thirty (30) days following each
schedule date.

Twenty-four (24) Hour Reporting.

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

any contaminant may cause an endangerment {o 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; of

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

ii. A written submission also shall be provided within five (5)
business days of the time the permittee becomes aware of
instances of noncompliance identified in naragraph 12 (d) ()
shove. The written submission shall contain a description of
the noncompliance. and its cause; the period of
noncompliance, including exact dates ang times, the
anticipated time it is expected to continue; whether the
noncompliance has or has not been cotrected 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 monitoring
reports are submitted. The reports shall contain the information iisted
in permit condition 12 (d) (iiy above.

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

Mionthly reports specified in OAC Rule 3745-34-38 shall be submitied
by the fifteenth day of the following month. Quarierly reports shall be
submitted in accordance with Part 1l (E) of this permit.

Within thirty (30) days of receipt of this permit, the person designated
as responsible for submission of reports pursuant fo OAC Rule 3745-
14-17 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 oF
position is changed.

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

1.

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

financial responsibility and information relating to well closure has been
submitted and is includad in Attachment A of this permit. This plan is subject
to final approval by Ohio EPA. The implementation of an approved Closure

Pian is a condition of this permit; however, the permittee must receive the
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approval of the Director to proceed hefore implementing this Plan. The
permittee shall maintain and comply with this Plan and all applicable closure
reguirements, in accordance with OAC Rule 3745-34-60. The obligation to
implement the Closure Plan survives the termination of this permit or the
cessation of injection activities. '

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

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

Temporary Disuse. A permitiee who wishes to cease injection for longer
than 24 months may keep the well open only if the permittee!

a. Has received written authorization from the Director; and

b. Has submitted a plan to the Director, for approval, that the owner or
operator will foliow to ensure that the well will not endanger USDWs
during the period of temporary disuse. These actions and procedures
shall inciude compliance with the technical requirements applicabie o
active injection wells unless waived by the Director.

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

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

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

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

Standards for Well Closure.  Prior to closing the well, the permitiee shall:
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a. Observe and record the pressure decay for a fime and by a method
specified by the Director and report this information to the Director;
b. Conduct appropriate mechanical integrity testing of the well fo ensure
the integrity of that portion of the long string casing and cement that
will be left in the ground after closure. Testing methods may include:
i, Pressure tests with liquid or gas;
ii. Radiocactive tracer surveys;
fiil. Noise, temperature, oxygen activation, pipe evaluation or
cement bond logs;
v, Any other test required by the Director.
C. Flush the well with a suitable buffer fluid.

Financial Responsibility for Closure.  The owner or operator shall comply
with closure financial assurance requirements of OAC Rules 3745-34-36 (D)
and 3745-34-82. The obiigation to maintain financial responsibility for
clesure survives the termination of this permit or cessation of injection.

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

1.

Post-Closure Plan. A plan for nost-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 impiement an approved post-
closure pian will be part of the Administrative Record for this permit and the
permittee shall maintain and comply with this plan as if it were fully set forth
herein. The obligation to maintain, implement, and comply with the post-
closure plan survives the termination of this permit or the cessation of
injection activities.

This plan shall include the following information:

a. The pressure in the injection zone hefore injection began,
b. The anticipated pressure in the injection zone at the time of closure;
c. The predicted time until pressure in the injection zone decays to the

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

Predicted position of the waste front at closure;

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

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

@ oo

Post-Closure Corrective Action.  The permiitee shall continue and complete
any corrective acfion reguired under OAC Rules 3745-34-30 and 3745-34-
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53.

Duration of Post-Closure Period. The permittee shall continue post-closure
maintenance and monitoring of any ground water monitoring wells required
under this permit until pressure inthe 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-ciosure 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 to permanently surveyed benchmarks. A copy of
the plat map shall be submitied to the Director.

Nofification to State and Local Authority. The permiitee shall provide
appropriate notification and information to the Ohio Department of Natural
Resources - Division of Mineral Resources Management, the Alien County
Health Department, and any other State of local authority designated by the
Director upon plugging the wellin accordance with the approved closure plan
required in Part | (F) of this parmit.

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

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

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

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

C. The type and volume of waste injected, the injection inferval 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

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

H. MECHANICAL INTEGRITY

1.

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

Periodic Mechanical integrity Testing [OAC Rule 3745-34-571 The
permittee shall conduct the mechanical integrity testing as follows:

a. Long string casing, injection tubing and annular seal shall be tested by
means of an approved pressure test in accordance with OAC Rule
3745-34-57 (1) {1) at least once every twelfth month beginning with the
date of the last approved demonstration, and whenever there has
been a well workover in which tubing is removed from the well, the
packer is reset, or when loss of mechanical integrity becomes
suspected during operation; '

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

c. An approved temperature, noise or other approved log shall be run in
accordance with OAC Rule 3745-34-57 (f) (3) at ieast once every 36
months from the date of the last approved demonsiration fo test for
maovement of fluid 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 (1) (4)
whenever the owner or operator conducts a workover in which the
injection string is pulled, unless the Director waives this requirement
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due to well construction or other factors which limit the test's reliability,
or based upon the satisfactory results of a casing inspection iog 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 to
balieve that the integrity of the fong siring casing of the well may be
adversely affected by naturally occurring or man-made events;

e, The permitiee may request the Director to use any other test
approved by the Administrator of the U.S. EPA in accordance with the
proceduras in OAC Rules 3745-34-34 (D) and 3745-34-57 (1) (5).

Prior Notice and Report.  The permittee shall notify the Director of intent to
demonsirate mechanical integrity at least thirty (30) calendar days prior {0
such demonstration. For those tests required in Part I (H) (2) (b, ¢, and d)
sbove, the permittee shall submit the planned test procedures to the Direclor
for approval at the time of notification. At the discretion of the Director a
shorter 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 submitted in
sccordance with the reporting requirements established in Part i (E) (3} of
this permit.

Gauges. The Permittee shall calibrate all gauges used in mechanical
integrity demonstrations to within one-half percent of full scale prior t© each
required test of mechanical integrity or, barring any damage 10 the gauge,
every six (8) months. A copy of the calibration certificate shall be submitted
to the Director or his or her representative at the time of demonstration and
every time the gauge is calibrated. The gauge shall be marked inno greater
than ten (10) psi increments.

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

Mechanical intearity Testing on Reguest From Director. The permittee shali
demonstrate mechanical integrity at any fime upon written request from the
Director.
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FINANCIAL RESPONSIBILITY

1.

Financial Responsibility. The permitiee shall comply with the closure and
post-closure financial responsibility requirements of OAC Chapter 3745-34.
The permittee estimates that the 2010 cost of ciosure and post-closure of the
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 permittee shall maintain written cost estimates, in current doliars,
for the closure and post-closure plans as specified in OAC Chapter
4745.34. The closure and post-closure estimates shall equal the
maximum cost of clesure and post-closure at any point in the life of
the facility operation.

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

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

d. if the revised closure and post-closure estimates exceed the current
amount of the financial assurance mechanism, the permittee shall
submit a revised mechanism fo cover the increased cost within thirty
(30) business days after the revision specified in permit condition | (1)
(b) and (c) above.

e. The permitiee shall 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
life of the facility. Said estimate shall be available for inspaction in
accordance with the procedures in permit condition Part i (E) (8) (b) of
this permit.

insolvency. Inthe event of:

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

b. Suspension or revocation of the authority of the trustee institution o
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act as trusiee, or

C. The institution issuing the financial mechanism losing its authority to
issue such an instrument, the permitiee must notify the Director, in
writing, within ten (10) business days.

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

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

CORRECTIVE ACTION

1.

FEES

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

83004 (u) of the Resource Conservation and Recovery Act.  The permitiee
shall comply with applicable corrective action requirements for the permitied
well as required by the Resource Conservation and Recovery Act.

The permittee shall annually submit required fees in accordance with OAC Rule
3745-34-83. :
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PART I

WELL SPECIFIC CONDITIONS FOR UIC PERMITS

CONSTRUCTION

1

F,,\)

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

Casing and Cementing [OAC Rules 3745-34-37 ( B} and 3745-34-54].
Notwithstanding any other provisions of this permit, the permittee shall
maintain casing and cement in the well in such a manner as to prevent the
movement of fluids into or between underground sources of drinking water.
The casing and cement used In the construction of the well are shown in
Attachment C of this permit. Notification of any pianned changes shall be
submitted by the permittee for the approval of the Director before instaliation.

Tubing and Packer Specifications [OAC Rule 3745-34-54 (D).  Injection
shall iake 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
nacker specifications shall be as represented in engineering drawings
contained in Attachmeni C of this permit. Notification of any planned
changes shall be submitted by the permittee for the approval of the Director
before installation.

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

FORMATION DATA

1.

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

a. Formation fluid pressure,
b. Formation fraciure pressure; and
C. Physical and chemical characteristics of the formation.
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In accordance with OAC Rule 3745-34-57 (J), the permittee shall monitor the
pressure buildup in the injection zone at least every twelfth month beginning
with the date of the completion of the last approved monitoring event. The
permittee shall schedule pressure buildup testing such that one of the
permitiee’s four Class | injection wells is tested each year and each well ghall
be tested at least once every forty-eight (48) months. This shall include, at a
minimum, a shut down of the well for a fime sufficient to conduct a valid
observation of the pressure fali-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 of testing. The results of this test shall be used to
calculate the following:

a. The transmissivity of the injection zong;

b. The formation or reservoir pressure; and

c. The skin effect.

The results of this test and the permitiee’s interpretation of the results shall
be submitted to the Ohio EPAIR accordance with OAC Rule 3745-34-58 (B)
and Part 1l (E) (3) of this permit.

C. OPERATIONS

1.

Iniection interval. injection shall be limited to the Mt. Simon Sandsione and
the Eau Claire Formation in the approximate subsurface interval between
»303 feet and 3220 fest below kelly bushing (KB) for INEOS Well No. 3.

Iniection Pressure Limitation IOAC Rule 3745-34-38(A) and 3745-34-561
injection pressure at the wellhead shali not exceed a maximum which shall
be calculated so as o assure that the pressure in the injection zone during
injection does not initiate new fractures or propagate existing fractures inthe
injection zone. In no case shall injection pressure initiate fractures, or
propagate existing fractures in the confining zone, or cause the movement of
injection or formation fluids into an underground source of drinking water.
Bottom hole pressure shall be limited so that a maximum of 2102 psi is never
exceeded, calculated with a fracture gradient of 0.75 psi/foot applied at a
depth of 2803 feet KB. The iniection pressuie shall be limited so that a
maximum pressure of 840 psig (measured at the surface) is not exceeded.
The maximum surface injection pressure limit shall be adjusted downward if
fiuid 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 ieast once every four {4) hours.

injection Volume Limitation. The combined monthly injection volume for ali
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8.

permitted Class | injection wells at this facility shall not excead 24 million
galions.

Additional Injection Limitation. No substances other than those listed in
Attachment D of this permit shall be injected. The permittee shall submit a
certified statement attesting to compliance with this requirement af the time
of the annual report. The only exception 1o this limitation is the injection of
non-hazardous fluids recovered from monitor wells and other non-hazardous
fiuid required for approved well testing and/or monitoring.

Annulus Fluids and Pressure [OAC Rule 3745-34-56(C)1.  Except during
workovers, the annulus between the injection tubing and the long siring
casing shall be filled with an inert, non-reactive fluid. The pressure on the
annulus shali be at least fifty (50) psig higher than injection pressure at all
fimes throughout the injection tubing length, for the purpose of ieak
detection. Temporary deviations from this fifty psig positive differential
requirement, which are a part of normal well start-up and shut-down
operations or an approved well stimulation, are authorized with the following
conditions: .

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

This 15 minute maximum time aliowance applies only to this permit
parameter and does not apply fo any other permit parameter that s reqguired
to be maintained continuously. All instances of deviation from the fifty psig
positive differential pressure are subject to reporting requirements isted in
Part I (E) of this permit.

Automatic Warning and Shut-Off System.

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

E Injection pressure measured at the wellhead reaches 840 psig;

ii. Bottomhole pressure reachecd 2102 psi, and

fii. When iniectionfannulus pressure differential falls below fifty
(50) psi, except during conditions specified above in Part I {C)
(5).

Written plans and specification for a warning and shut-off system that

fulfilt these requirements were submitted to the Director and approved

on March 17, 1995.

19



b. The permitiee shall test the automatic warning and shut-off system at
least once every twelfth month from the date of the last approved
demonstration. This fest must involve subjecting the system to
simulated failure conditions and shall be withessed by the Director or
his or her representative. The permittee shall notify the Director of
their intent 1o test the automatic warning and shut-off system at least
thirty (30) calendar days prior {0 such a demonstration. At the
diseretion of the Director a shorter time period may be allowed. The
permitiee shall submit the planned automatic warning and shut-off
system fest 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
the cause of the alarm or shutoff. If, upon such investigation, the well
appears to be lacking mechanical integrity, or if monitoring required
under OAC Rule 3745-34-56 (F) otherwise indicates that the well may
be lacking mechanical integrity, the owner or operator shall:
i immediately cease injection of waste fluids unless authorized
by the Director to continue or resume injection; and
il. Take all necessary sieps fo determine the presence OfF
absence of a leak; and
fit. Notify the Director within twenty-four (24) hours after an alarm
or shutdown, in accordance with Part | (E) (12) of this permit.

7. Precautions fo Prevent Well Blowouts.  The permittee shall, at all times,
maintain a pressure at the welihead which will prevent the return of the
injection fluid to the surface. If there is a gas formation in the injection zone
near the well bore, such gas must be prevented from entering the casing or
tubing. The well bore must be filled with a high specific gravity fluid during
workovers to maintain a positive (downward) gradient and/or a piug 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 [OAC Rules 3745-34-38 (B} and 3745-34-57 (A} -
(F)]. Samples and measurements taken for the purpose of monitoring shal!
be protective 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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io 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 Hl of 40 CFR Part 261 or an equivalent method approved by the
Director.

Iniection Fluid Analysis [OAC Rules 3745-34-38 and 3745-34-57].

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

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

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

Metals Organics Other

Ammonium sulfate Aceione Aldkaiinity

Arsenic Acetonitriie Carbon Oxygen Demand (COD)
Barium Acrolein Conductivity

Calcium Acrylic Acid pH

Chioride Agrylonitrile Specific Gravity

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

Magnesium Nicotinonitrile

Nickel Propionitrile

Sodium Pyridine

Strontium

Vanadium

Zinc

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

Waste Analysis Plan.  The permitiee 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 shali be kept at the facility
and available for inspection. The sampling and analyses shall be performed
in a manner protective of human health, safety and the environment and
shall produce results representative of the chemical composition of the waste
analysis stream. At a minimum, the plan must specify:

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

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

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

sample of the waste fo be analyzed.

The combined wastestream sampling location shall be at the sample tap in
the pump building. The location for weekly pH measurements of the Fort
. Amanda wastestream shali 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 tests and methods used to generate the
monitoring data. The monitoring program shall conform to 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
compieted and submitted to the Director within thirty (30) days of the
effective date of this permit.

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

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

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

Monitoring Wells. The permittee submitted a ground water monitoring plan
for protection of the underground sources of drinking water. The latest
revision of this plan was approved by the Director on February 7, 1895, A
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copy of the most recently approved plan shall be kept at the facility and
available for inspection.

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

Seismic Monitoring.

a. Seismic Reflection Data.  The permittee has completed a seismic
reflection data study to the Director’s satisfaction. The purpose of this
study is to establish the presence 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 weli faciity.

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

D. Seismic Monitoring System. The permitiee shall maintain the
existing on-site seismic monitoring system, unless an alternate
system is approved by the Director.  If periodic downiime is
encountered as a result of component failure or eqguipment
maintenance, the permittee shall provide the foliowing in the
subseguent monthly operating report: date(s), duration, cause of the
downtime, a schedule for repair activities and the anticipated date that
the monitoring system will be returned to service. Data collected by
the system shall be submitied quarterly, accompanied by the
permitiee’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.

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

1.

Monthly Reports.  The permittee shall submit monthiy reports to the Director
containing all of the following information: '

a.

b.

>

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

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

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

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

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

Date, time and volume of annuius fiuid addition to or removai from the
annulus sysiem.

Annulus sight glass level readings noted daily at a specified time.
For each daily minimum and maximum injection rate reported, list the
corresponding injection pressure and annulus pressure OGCUrTing
during the time the well was operating at that minimum and maximum
rate.

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

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

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

Determinations of injectate specific gravity every four (4) hours.
Any noncompliance with conditions of this permit, including but not
limited fo:
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4.

i, A description of any event that violates operating parameters
for annulus pressure, injection pressure or annulusfinjection
pressure differential as specified in this permit; or

it A description of any event which triggers an alarm or shufdown
device required in PartiH{C) (6) of this permit, accompanied by
a description of the response taken for each event,

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

Quarterly Report [OAC Rule 9745.34-58]. The permitiee shall report all of
the following each calendar guarter.

a. Results of the continuous corrosion monitoring system and an
interpretation of the results, as stipulated in Part Il (D) of this permit,
within fifteen (15) days after the end of the quarier;

b. Results of ground water monitoring, and an interpretation of the
results, as specified in an approved ground water monitoring plan,
required in Part it (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 Il (D) (2) of this permit, within fifteen (15) days
afier the end of the quarier.

d. Results of setsmic monitoring, and an interpretation of the resulis,
required in Part 1 (D) (7) (b}, within thirty (30) days after the end of the
guatrier.

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

The Permitiee shall submit alt required reports to:
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Chio Environmental Protection Agency
Division of Drinking and Ground Waters
Underground injection Control Unit

50 West Town Street, Suite 700

P.O. Box 1049

Columbus, Ohio 43216-1049

5. The permitiee shall adhere 1o the reporting requirements specified in
Attachment D and Part I} of this permit for reporting under permit condition
Part Il (E) above.

CLASS | HAZARDOUS WASTE MANIFEST

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

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

The authorized representative of INEOS, as designated pursuant to OAC Rule
2745-34-17, has provided the certification required by Ruie 3745-34-59 (E) of the
OAGC, provided in Attachment G of this permit. in addition, the Plant Manager at
Fort Amanda Specialties has provided certification required by Rule 3745-34-59(E)
of the OAC, included in Attachment G of this permit.

WASTE MINIMIZATION

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

CLOSURE PLAN

This closure plan is prepared pursuant 1 Rules 3745-34-00, 3745-34-36 and 3745-34-60 of the
Ohio Administrative Code and shall be kept at the facility at all times. INEOS will notify the
OEPA at least 80 days before planned ciosure of the wali(s). INEOS will submit any proposed
significant revision to the method of closure refiected in the plan for approval by the Agency at
this fime. Plugging and abandonment procedures invoive the removal of the injection tubing
and plugging the entire long string casing with cement for protection of the subsurface
environment and USDWs. Two cement ptugs will be placed by the balance method and the
plugs shall be tagged and tested for seal and stability. The open hole section will be filed with a
heavy bentonite mud. Two cement plugs are used 1o minimize fuid column pressure on the
sormation face during the plugging operation.

1. Notify the OEPA of the intention to close the weli(s).

2. Wonitor pressure decay in the injection zone for a period of six months fo determine 1f
injection activity has sorformed with predicted vaiues.

3 Inform the OEPA of closure date B0 days before plugging and abandonment is 1o

commance. Submit plan to plug with any updated changes and obtain permission o
proceed o plug. "

4. Displace the tubing and welibore with sufficient fresh water to fiush waste out of the tubuiar
goods and near wellbore arsa {minimum of 3 injection tubing volumes). Remove all flow

lines, associated equipment and instrumentation from wellhead and immediate area.

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

(e}

Place heavy well control Huid in one tank. Pump down tubing.to kil the well. Release
packer and pump heavy fuid down the annukus fo overbalance reservoir pressure, Instal
blow out preventer. Pull tubing and packer. Decontaminate tubing to EPA standards and
prepare for final disposal.

7. Rig up wireling service unit and run appropriate logs to assess the integrity of the profection
casing and the cement thal will remain in the weli(s). Run final caliper log and metal
thickness log, temperature 10g, cement bond log on the long string casing and pressure test
the long string casing using a retrievable packer assembly and a water filled annuius. Rig
down wireline service unit. Evaluate any additional actions as indicated by the MIT fests
after review of these tests with the OEPA.



10.

1.

12.

13.

14,

15.

APPENDIX 40-1 (Continued)

Wi benionite drifing mud in tank,

2un work string near the bottom of the well and displace mud down tubing, filling open hole
to within 100 feet of the bottom of the casing. The required volume of the bentonite plug is
fisted in Table 10-A.

Set cement retainer approximately 100 fest above casing shoe.

Displace sufficient cement helow retainer to fill up to retainer and fill 4100 feet above retainer -
{cement plug #1). Allow cement to set and pressurs test to 2000 peig. The cement will be

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

Tag cement and displace fuid from fop of cemant plug #1 1o surface with cement (cement
plug #2). The cement will be premium grade. “The required volume of cement plug #2 is
listed in Table 10-A.

Remove BOP and wallhead equipment. Cut casing off at surface and complete cementing
ot surface. Reisase rig and squipment.

Weald 2 steel plate on top of the casing. Inscribe on the plaie, in & permanent manner, the
following information: (1) operator name; (2) closure date; and (3) UIC permit number. The
surface area concreie pad around ihe wellhead will remain in place.

Prepare closure report and final wali status drawing and file with OEPA within 60 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 Ohio Administrative Code {OAC) Rule
3745-34-36D(2)(a) and OAC Rule 3745-66-15, INEOS will submit by registered mail to the
Director of the OEPA, within 60 days of the final plugging of the injection well, a certificalion
that the closure has been conducted i accordance with the specifications in the approved
Closure Plan.  The certification will be signed by the ownsf and by an independent,
quatified, registered professional enginser.



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

Bost-Shutdown Pressure MOgaling ..o $21,974
PREPAE LOGHHON ... orstits a0 7,325
Rig, Pump, Tanks, Pipe B2 K oo 36,624
Work String, REntal TOOIS ... oo 14,850
DressUre COMTOl FIIIT .o oo bbb b 7.325
Casing Pressure Test EQUIDMENT s 7,325
Logging (7-in Caliper Log, 7-n. CBL, 7-in. Vertilog, 7-in. Casing Tempature Log) ... 21,874
AU oot T 10,254
GBI REBIMEL ..o ot oo et eeees s e e 4,395
CEMENHNG NG TESHNG 1o roriar st 28,298
Planning, Supervision, Report PrERArBtON ..ov oo 21,874
P TAIKS . oo e eoeee oo er e e er st es a8 7,325
FIGIE DISPOSAI ..o ers s s ssoessers s s s 7,325
COMIMGEAGIES ... oo.oeoaerees et eeb s RS 23.914

Total Estimated Cost, Per Well e e urereeressresssnssusesanpsaRneRnanEannaEe $224.682.00



TABLE 10-A

PLUGGING VOLUMES FOR CLOSURE OF LIWA CHEMICALS INJECTION WELLS

el et Open L.ong Bentonite Cement Plug Top of Cement Plug Top of

Tatal Casing Hole String Plug #1 Cement #2 Cement

Well D Depth Shos Diameter Casing ID Volume™* Voliume™ Plug #1 Volume *** Plug #2

(fi BB (ft KB) {inches) {inches) {bhis) {bbls) {ft KB} {bbis) {fi Ki3)
WDW #1 3133 2783 12.5 6.456" 47 5 28.3 2583 108.5 8
WDW #2 3172 2813 9.0 6.456" 2858 19.3 2613 1105 14
WDW #3 3165 2810 9.0 6.456* 251 19.3 2610 110.8 8
WDW #4 3159 2885 9.5 6.366" 20.3 20.3 2685 1106 a

* Bentonite plug fills open hole section to within 100 feet of casing shoe. Volume required represents open hole volume plus

25%, excess for formation losses.
e Cement plug #1 is set from 100 feet below the casing shoe to 200 feet above the casing shoe. Volume required represents this
volume plus 25% excess for formation losses.
d surface. Volume required represents the long string casing

w Cament plug #2 is set from the top of cement plug #1 to groun
volume plus 5%. :
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APPENDIX 11-A
POST-CLOSURE PLAN

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

EPA may extend the period of post-ciosure monitoring Upon 2 finding that the well may
sndanger a USDW.

A Reservoir Information

The values for pressure at the top of the injection zone and for the waste plume location at the
end of the operational period were pradicted from reservoir simulations using the SWIFT/G8
groundwater flow modei as described in Section 5 of this permit application. !t shouid be noted
that the values in Section 5 represent conservative (overestimated) pressurization and migration
results designed to meet the requirements of 40 CFR 148 and are not representative of what
would be expected given typical injection welt operafions. The pradictive modeling will be
updated at closure based on the aciual injection history and measurad reservoir condifions at
the time of closure,

B. Status of Correciive Action for Wells in the Area of Review.

As indicated in Section 8, there are no problem artificial penetrations or confining zong within
the 10-mile radius cone-of-influence/area of review. Therefore, no cleanups or corrective
actions are anticipated under 3745-34-53 of the Administrative Code.

No maintenance is anticipated following the completion of the closure of the well. OAC 3745-
67-23 (dikes), 3745-67-28 (surface impoundments), 3745-67-80 (land treatment), 3745-68-10
(langfilis) and 3745-65-91 (groundwater monitoring) are not applicable to closure of geepwells.

INEOS will continue to conduct the groundwater monitoring requireg by UIC Permits to Operate
uritil the pressure in the injection zone dacays fo the point that the well's cone of influence no
longer intersects the base of the lowermost USDW in accordance with OAC Rule 3745-34-
81(F){2). The requirements for the closure of the above ground faciiities associated with the
injection welis are addressed in the site’'s RCRA Part B Permit Closure Plan.

C. Post-Closure Activities



APPENDIX 11-A (Continued)

Upon closure, a survey piat will be submitied to the local zoning authority, to the USEPA,
Region V, to the OEPA Division of \Water, and to the State Department of Public Health., The

fotiowing activities will be compileted at the time of clesure of the INEOS injection weils.
1. Survey Piat — The survey plat will include the following information:

(a) The surface and subsurface locations of the wellbore(s) and the stratigraphic
location of the injection zone,

(b} Piat to be certified by a professional land surveyor.

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

2. Notification of the Deed
(8) The fact that the land was used to manage hazardous wasie.

(b) The type, location and quantity of waste disposed of by each injection well at the
facility. The depth of the injsction zone for each injection well at the facility will also be
recorded on the deed in addition to the period over which injection occurred. The
sermitted injection zones for each of the site injection wells is as follows (depths below
Kelly Bushing Datum):

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

The prediciive modeling will be updated based on the actual injection history and
maasured reservolr condiiions at the fime of closure and recorded.

{¢) The names of the organizations including the local zoning authority and the OEPA,

Division of Water, with which the plat was filed as well as the address of the OEPA,
Division of Water.
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APPENDIX 11-A (Continuved)

Records Management

Records reflecting the nature, composition and volume of all injection fluids will be retained
tor at least three years following the well ciosure. A& the end of the retention period, the
records shall be defivered to the OEPA.

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

=stimated Cost for Post-Closure Care

Updated Predictive Modeling $128,815
Legal Filings 35,458
Post Closure Monitoring 35,158
Contingency 21377

Egtimated Post-Closure Costs, Site $220,608
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200 Pafk Averiue
Mew York NY 10168
LISA

Diirector of the Ohio Environmental Protection Agency Tel +1 (212) 412 4000
Lazarus Government Center

122 South Tront Strest
Colambus, Ohdo 43215

Re: Letter of Credit No. NYS3-2039

Dear Sir or Madam:

This letter amends our Irrevocable Standby Lelter of Credit No. NYSB-2039 effective April 1,
2005 issued in your favor at the request and for the account of INECS USA LLC.

Effective April 1, 2010, the amount i hereby decreased by US8%1,678,529.00 {0 2 new aggregate
amount of US$5,480,120.00 (Five Million Four Hundred Eighty Thousand One Hundred Twenty
00/100 U.S. Dollars).

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

If you have any questions about this letter amendment, please contact Lrawn Townsend,
Telephone (201) 499-2081, Fax {212) 412-5011.

Please indicate your acceptance/rejection of this amepdment by signing and cheeking
zpproprizte response and returning the copy to us t our above address.

Sincerely,
BARCLA)’% /BANK PLC, NEW YORK
/" ‘\v;f)
/ " ~ 1
[ i g

DAWNTOWNSEND
AUTHORIZED SIGNATORY

(Date) April 1, 2010

This credit ts subject lo the most recent edition of the Uniform Customs and Practice for Documentary
Credite, published and copyrighted by the International Chamber of Commerce.

Amended terms hocephed Rejected
Dirsctor of the Ohio Bavironmental Protection Agency

AUTHORIZED SIGNATURE

Brsechugs Bank PLE, Rew York Brangh



EMarganChase O

JPMorgan Chase Bank, N.A.

CA JPiorgan Treasury Scrvmas

10420 Highlead Manor Ditve, &™ Finor
Tampe, Florids T36D, UB.A

ATTN: Ssandby Latter of Credit Dépt.

Date: June 2, 2010

To:

JPMiorgan Tiust Company, N.A.
Attn: Institufional Trost Services
Leonard Gnat 312.267.5114

227 West Monroe, 26" Floor
Chicago, IL 60606

{the “Beneficiary™)

Re: P-G24435

in respeci to ow Standby Letier of Credit reference P-624435 issued in favor of the above

referenced beneficiary, this letter shall serve as confirmation of the current expiration date of March
30,2011,

Luba Stewart

Onerations Risk/Controt Analyst
Global Trade Services
JPMorgan Chease Bank, N.A.
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B,
%% Phiorgan
Jriergan Chnae Bark Nubs
o TPiergan Treasury Servioss
Jliobdl Trade Services
13420 Thghiand IManor Drive
Tamnps, FL 25610
Tel.: 5666825101
MER 2L, 2005
QUR L/C BG.: F-024435
O ETDLICANT:

SPMORGAN TRUST COMPANY, N.A. D&ED USA LLCO,
ATTH: INSTITUTIONRL TRUST EERVICES LIME CEEMICRL -- UIC WELL,
(LEONARD GNAET 312.267.5114) 260 B. RRWDOLPHE DRIVE,

227 WEST MONROE, ZETH FLOOR CEICABO, ILLINCOIE £0801
CHICRGO, IL 50606 -

wE ENCLODE EEREWITH (&8 & PERMANENT PART OF THIS LETIER © ¥ CREDIT) AN
TRREVOCAELE STANDBY LETTER OF CREDIT OFENED IN TOUR FA VOR SUBJECT TO UCP500

"REWEACTION REFERENCE HUMBER: T-B24438

DATE AND PLACE OF EZXPIRY: WARCE 20, 2006
' AT OUR COUNTER

DOCUMENTARY CREDIT AMOUKT: TUEDE, 000,000.00
ATTC EXTENIION: YES

s BE Ewszom PERICD: 12 WOWTE (8}
NOTIFICATION PERICD: 120 DRY(E)

PLEASE REVIEW THE DETAILS OF THIE ENCLOSURE AND THE ATTRCHED LETIER OF
CREDTT IM"‘DIA’I’E&Y AWD CONTASY OUR UUNTOMER SERVICE AREA RT 1-866-632-5101
IF YOU ERVE AWY QUESTIONS.

172006 U§54580

Pape f ol
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g;gmﬁ Phargan

JEiorgen Chuse Bonl, LA

© gl JPMviotgnn Treapusy Bervices

Giobal Trafie Swrviess

10470 Highland Maonor Drive
Tampe, FL 35610

Tels §66-832.5101

¥ER 31, 2000
OUR L/C MWO.: P-824435

TEREVOCARLE STANDBY LETTER OF CREDIT NO. P-624433

WEME AND ADDREES OF ISBULENG TRETITUTION ¢
JPMORGEN (EASE BANK, ¥W.A.

/0 JPHMORGAN TRERSURY BERVICES

LT STANDRY LETTER OF CREDIT nEPT.
10420 HIGHLAND MRNOR DRIVE, £7H FLOOR
TANPA, FL 332810

LAZARTE GOVERNMENT CENTER
122 SOUTH FRONT BTREET
WLOHMETE, ORIO 43218

DIRECTOR OF THE QEI0 ENVIRONMENTAL PROTECTION LEENCY
c :

DERR EIR OR MADAM:

WE HERERY EETABLISE OUR TRREVOCASLE STANDEY LETTER OF CREMTT NO. P-824435
T TER FAVOR OF JPMORGAN TRUST COMPANY, NATIONAL AEEOCIATION, AE TRUSTEE

UNDER TEE STANDBY TRUST AGREEWENT OF MABRCH 30, 2005 BY AWD BETWEEN O&D TEA
LLC ARD JPMORGAN TRUST CoMPANY, AT THE REQUEST AND FOR THE BCCOUNT OF O&D

gs LLG, LIMA CHEMICRL -- ULC WELL, 200 E. RANDOLPH DRIVE, CHEICAGD,

TrLTNOTE £060L, FOR THIRD-PARTY LIABILITY AWARRDE OR EBTTLEMENTE UP TO ONE
MILLION AND NO/100 U.8. DOLLARS £1,000,000.00 PER OCEUREENCE AND TEHE
LNNUAL LBUEREGATE AMOUNT UF TWO MILLICON BRD NO[lDO T.E. DOLLARS
$2,000,000,00, POR BUDDEN AOCIDENTAL OOCURRENCES AWD/OR FOR THTRD « PRETY
LIBBILITY BWLEDE QR ERTTLEMENTE UFP TO TER AMOUNT OF THREE WILLION AND
Wo/100 U.E. DOLLARS $3r000,000.00 pup OCCURRENCE AND THEE ANNURD LOGRBEEATE
EMOURT OF SIXK MITLION AND Wp/L00 U.B. DOLLERS $6,BGD,DOOQOG, FOR WONSUDDEN
ACGOTDENTAL OQCUERENCES EVETLAELE UPON PR gBRTATTION OF A ZTEET DEAFT,
DEARTNG REFERENCE TO THI$ LETTER OF CREDIT N, P-624435,

TETg LETTER OF CREDIT I EFFECTIVE A OF MARCH 31, 2005 AND BHALL EXPIRE
oM MARCE 30, 2006, BUT SUCH EYDIRATION DATE SHALL BE AUPOMATICALLY
TYTENDED FOR A PERIOD OF ONE YEAR ON MARCE 30, 2008 AND ON EACH SUCCESEIVE
TXPIRATION DRTE, UNLESE, AT LEAET OWE HUNDRED IWENTX DAYE BEFORE TEE

CURRENT EXPIRATION DATE, WE WOTTEY YOU, THE DIRBCIOR, AND O&D USR LLC BY
ERTIFTED MAIL THAT WE HARVE preTDED WOT TO EXTEND THIE LETTER OF CREDIT

172003 TGRS0 Pagelof 2
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iz
é@,% Fiiorgat

JPMergan Chase Bank, R
o TPiviorgan ‘Treagory Serviess
Flabal Trde Bervices

10420 Tighand Wianar Drive
Tamps, KL 33616

ol B06-632-510)

MER 21, 200
OUR L/C m,‘; P-5244355

BEEYOWD THE CURRENT EXFIRATION DATE.

WEENEVER TEIS LETTER OF CREDIT I3 DRRWN ON, TNDER ARD LN COMPLIANCE WITH

THE TERMS OF THIS CREDIT, WE SHRLL DULY EONOR EUCHE DRAFT TPOKR PRESENTATION
T0 UE.

-3
T
e}

®E CERTIFY THART THE WOEDING OF TETE LETTER OF CREDIT IS TOENTICAL TO
WORDTHG SPECIFIED IN PARRGRAFH (R) OF RULE 3545-55-81 OF THE

AUMTHISTRETIVE CODE AE SUCHE RECGULATIONS WERE CONSTITUTED QN THE DATE SHOWN
THMEDTIATELY ZELOW,

STHORGEN CEasE BRWR, W.R.

e /,»—’F"\
(s.u;i\wrmb)\
{TL

TLTLE) é HENRY AVELING
DETE: WaROH %1, 2005 ABSIBTANT VICE PRESIDENT

g

THIS CREDIT I8 SUBJECT TO THE UNIFORM CUSTOME AND PRACTICE FOR DOCUMENTARY
CEEDITE (1993 EEVISION), PUBLIERED 2ND COPYRIGETED BY T,.._. ITRTERNATIONRAL
FAMBER OF COMNERCE, PUBLICRTION WO, 500.

M

SUTHORLTED SIG

HENRY AVEK
ASSISTANT VICE F

{7200 UsSnEnY Ppag 2ol 2
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i Stratigraphy and injection interval Description

i, Fracture Pressure
118 Core Analysis (Open Hole Strata Only)
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4.5.%

GEOLOGY

WOW Nos. 1,2, 3 and 4 are located In Sactions 2 and 11 of SHawnes Township in Alien County,

Ohio (Figure 4-1). The foliowing seclions provide both local and regional geologic informafion
periaining o the four injection wells at the INECS facility.

Regional Geology

The foliowing sections disCuss the ragional geologic seiiing In the vicinity of the INEOS faciiity in
order to demonstraie the sonfinuity and physica! properiies of critical geologic units.

Ragionat Geologic Hisiory

The INECS facility is losated on the indiana Ohio Piatform, which is 2 posfiive arsa batwesn ihe
Michigan, Appalachian and llinois Basins (Wickstom, sf @l 1892 Figure 4-1). Siructural relief
on the Indiana Ohio Platform is generally the result of differantial subsidence of the surrounding
pasins 2s opposed o tecionic upift (Wickstrom, st ai, 1882}

During the Precambrian (Kewsenawan}, & period of exisnsion pravailed in ihe wiid Coniinant 0
Norih America which led 1o the sarration of the Mid Continental Rift Systam, and zssociated East
Continent Rift Basin, with the peak of rfting, associated volcanic aciivity and depesition of
sadimsniary rocks occurring at this fime (Baranoski, 2002 Dranovzal, et al, 1882). A more
imimjied discussion of Bracambrian rifting anc sadimentation {iMiddie Run Eormation) i includsd
in the seciions on Regional Siratigraphy and Sructure.

=

The baginning of the comprassional phase of the Granvillian Orogeny marks the tarmination of
Kewsanawan rifiing (Zast continent Rift Basin). Rocks of the Grenviliz Province wers thrust north-
northwastward onfo the oldsr craton with accompanying ragional matamorphism and additional
plutonism which accounts for the increase of crustal thickness along the Grenvilie Froni (Grenvilie
Tactonic Zone) (Hoehn and Hinze, 1882). Movement along the norih-south srending Bowling Green
Fault Zons and sssociated Outiet Fault zones inifiated during the Granvilie Orogsny (Figures 42
ang 4-3). Paleozoic reaciivation atong the Bowling Green Fault is discussed in Section 4.1.3 —
Raegional Structure. Sanins (2002) analyzad detaiisd zircon grains from the Pracambrian WMiddie
Run Formafion and datermined ifs medmum age is 1.048 Ga (bilion years) = 22 s {milion
ysars).

During the Laie Precambrian and inio the Cambrian, the North Amearican piate bagan o separaie
from northern Europe east of the Grenville Mountains. The ancient proto -Aflantic japeius Sea
opened and by the Late Cambrian the stable margin of the s&a hacame the site of subsidence
ang the accumuiation of ferriganzsous clastics. The Cambrian S=a moved across Ohio from sast
io west as {he passive margin subsided. The Cambrian sechion tmerefore represents an ovarall
fransgressive depositional sequence (Farris and Barancski, 1998). The Lasal sandsions, namad
the Mt Simon, 18 a guartz-rich, occzsionally arkosic, fine 10 coarse-grained sandstons. This was

nevisad Doiober 2040



deposiied unconformably upon ihe Precambrian (Janssens, 1873), and i interprated o b2 &
barriar bar sequance which rigraied across 2 basal lagoonal estuaring sequente (Saeed, 2002).

The Eau Claire Formation (Cambrian) conformably overlies the ML Simon Sandsione with 2
gradational contact  Lithologically, the cay Claire is g blend of very fine o fine grained,
alauconitic, quarz sandstone, sifisions, dolomie and shale (Jznssens, 1973} lauconitic
szndstone wiih incrsasad carbonates fowards the fop of tha section indicate increasingly marine
conditions during deposition of the Eau Claire.

When saa fioor spreading slowed during tecionically quiescent periods, carbonate deposits of the
Knox Group ocourred on the shall (Hansen, 1997 and Mikicl, 1298). In northwestern Ohio, the
Knox Group (Cambro-Ordovician) s raferred to by Janssens (1873) as the undifferentiated Knox
Dolornite whare it consists of white © ight gray dolomite and dolomific sandsiong with glauconite
preseni at the op of the sechion (Wickstrom, et al, 18823,

The transition from deposition on & passive margin o deposition on & convergent margin causad
she Knox Dolomite io be truncated Dy 2 major ragional unconformity (Wicksirom, st al, 1092,
Read, 1880). The continent was uplified and karst iopography and sssociaied drainage paiieams
nrobably formad on the syposed surface {Dolly and Bush, 1872; Mussman and Read, 1$38; from
Wickstrom, #f al, 1882)

Foliowing erosion of the Knox surface, the land bagan o subsite and a shallow sea covarad fhe
arsa, resuliing in 2 brisf perind of infercalated clzstic and carbonate sedimantation, represeniad
hy the Wells Crask =ormation (Wicksirom, et al, 1982). Coniinusd sncroachment of the ssa from

o

=2gt o wast caused fhe deposition of the Ordovician Black River Group (micritic io finely
crystaliing fimastone) in snvironmenis ranging rom subtical 1o intertidal (Wickstrom, ot al, 1992}

Subseguent to the deposiiion of the Black River Group, the apeific 22 deepenad and bscame
more normat maring in composition, Bentonies at the top of the Black River Broup areg avidencs
that the Taconic Orogsny was incraasing in intensity © the =ast (Wickstrom, et al, 1992). The
deepening of the sea resuliad in the deposition of the besal subtidal and open-shaff facies of the
Ordovician Trenton Limesione. A3 2 result of the subsidence of the proto-Appalachian Pasin
and the sarly stages of the Taconic Orogeny, the deposition of the basai Trenton facies ended
which is matked by & change In geposiiional strike from norh-south {0 norfhisast-southwest. This
caused a shaliowing of the se2 10 ihe northwest and the dapesition of the thick carbonates of the
platform facies of the Tremion (Figure 4-4). Southsast of the platform, in desper water, the Poind
Plegsant (interbeddad shale and limasona) was deposited (Wickstrom, et al, 1882).

The end of Trenion deposifion was probably the result of a more intense phase of the Taconic
Orogeny (Hudson Valiey Phese) (Tius, 1988, from Wickstrom, et al, 1882). This was marked by
rapid subsidence sndior rise in s=a level in norwast Ohio, the sea movad westward and in
sffact drowned the Trenton carbonate platiorm and deposiied the Cincinnati Group {shales and
limestones) (Wickstrom, et al. 1992). Al this time, the Bowiing Green Fault Zong was probably
reaciivated.

4-7



The Ordovician-Silurian is postulated o be ansorformable in adjacent portions of indiang, based
upon faunal svidence. Howaver, Wickstrom, &t al., {1292) finds no physical svidence for this in
norhwesiarn Ohio and thersfore the natura of the contact i guestionable.

[l

Throughout the Siurian, the Taconic Mountains continuad o erode during a time of tecionic
stabiiity. Thin-bedded shalss and mesiones of the Lower Silurian demonstrate that northweasism
{Ohie, while continuing © subside, was located far from the provenance for terriganesous clasiics,
Depasition of the Lockport Group and the undifferentiaied golomites of the Salina Group further
examplify the guiescence of the pariod. Norithwestem Ohio was sub-aerially exposed during the
Uppsr Silurian and Devonian Periods and arosion removed the top of the Salina Group. While
the eniire arez of Ohio was probably covered by Mississippian through Lower Parmian

sediments, at one time, subasnal exposurs and sssociated erosion during he Wigsozoic and

Cenozoic removed these formations (Bownocksr, 1820).

Pleistocens giaciation resulied in the deposition of VWisconsian-agad end moraines, ground
moraines and aesociated outwash plains disconformably upon the post-Siturian erosional surface.

Regional Stratigraphy

The sirafigraphic nomensiature uiilized in this report & shown on the generalized siratigraphic

column (Figurs 4-5). Regional cross-sactions A-A' ang B-B' (Drawings 4-1 and 4-23, are included
to show regionat continuity and characteristics of the Paleozoic formations.

Srecambrian Basement Complex

The Precambrian unconformity surface in Onio is divided by the Grenville Front which separaiss
metamorphic rocks of the Grenville Provincs from the older Granits-Rhyolite Erovince and East
Continent Rift Basin sedimentary and volcanic roske in western Ohio (Baranoski, et 2i, 2002)
(Figure 4-2, The Granville Province is vounger than ihe East Continant Rift Basin rocks,
Theories of Precambrian rifing proposed by Lucius and Von Frese, 1988, and other workers
wers substantiatad with the discovery of Sracambrian aged sedimentary rocks in the siratigraphic
test drilled by the Ohio Geological Survey in Warren County in 1888, and the sirafigraphic fest
(WDW No. 4) drilied by INEOQS in 1881, This lad to the rs-examination of cutings from weils in
Ohio and | was discovered that Precambrian samples previously described as granitic wers
actually sedimentary rocks. This revealed that  Precambrian  sadimentary rocks g
unconformably balow the Cambrian section and i=d o the naming of the Middle Run Formation
(Shrake, et al, 1800, 1981, 1992: Drahovzal &t a2l 1982}, Drahovzal st al, (1882) estimates
upwards of 20,000 fest of sedimantary and volcanic rocks could be present in the East Contineni
Rift Basin (Figure 4-8).

The Widdie Run Formation in the Warren County iest is 2 wall indurated, fine to madium grained
sandstone that is predominantly silica cemantad. The approximais areal exient of the sandsione
was determined io be 30 miles wids by 98 miles long exiending across wesiem Ohio {Shrake,

atal 1991}, The INEOS stratigraphic test wzll penetrated 256 fast of the Whiddie Run Formation



befors rsaching & total depth of 2400 fest. The upper portion of the Middie Run fies within the
injection interval.

At Simon Sandstone (Cambrian)

The Mt Simon is & widesprsad, Very fine io coarse grained, partly conglomeratic sandsions that
lies unconformably upon ihe Pragambrian in wesiern Ohio. A besal conglomeraie overiies the
Drecambrian srosional surface (Janssens, 1873). in a recent MS Thesig from Bowling Green
State University, Sased (2002) describes the Mi Simon in the ODNR Warren County well 28 &
generally coarsening upward sequsnce of sandsione, siiisions and minor clay stone. Tidal
rhyinmiies, fiaser, ienticular andé wavy bedding, mud-drapes, intraciasis and significant
bioturbation siructures atiest © 2 shallow maring tidally-influenced depositional seifing. The
soarsening upward saguence is infarpreied a2s 2 transgressive barrier sequence which migrated
abovz & basal lagoonal estuaring succassion (Sased, 2002) (Figure 4-8).

The Mt Simon Sandsione lacks index fossils and its precise age is unceriain {Sassd 2002}
Trilobites in the Eau Claire Formation (above the ML Simon) are laig widdle Cambrian 1o sarly
1ate Cambrian in ags which implies the ML Simon is roughly Widdie Cambrian (Babock, 1994).

Listorically, the Mt Simon has been distinguished from the overlying Eau Claire Form tion by the
absence of glauconiie (Janssens, 1872). However, 50ME giauconita may be presant at the fop
of the Mt Simon indicaling incrazsingly maring conditions. Glauconite was noted in ihe 1op of the
Wit Simon ai the INEOS site. The il Simon Sandsions ranges i thickness regionally from 140
fmet 1o 350 fesi (Janssens, 1973} (Figurs 4-7). Tha it Simon s 140 feat thick at the INEOS
facility.

The coniact and corralation of the Eau Claire-hMt Simon Sandsione is further discussad in the
s=ction on Local Gaology. However, it should be noted that ihe sontact displayad on the regional
cross-sections is the praferrad pick of the ODNR (Rea and WICksTrom, & al, 1881). Howaever,
Saead (2007) picks the 10p of the Wit Bimon at the top of the fowar gamma rgy response at the
fop of the more Massive sand ssqusnce (Figure 4-8).

Eau Claire Formation {Cambrian)

The Eau Claire Formation conformably overiies the Mt Simon sandstone and consists of very
fine to fine grained, giauconitic guarz sandstons, sitistons, dolomite and shale {(Janssens, 1873),
[t iz more sandy at the base with carbonats coniant increasing in the upper pad of the formation.
Approximately 34 miles sast of the study arsa there 15 8 tasies changs where the Eau Ciairg is
subdividad into the Kerbal, Roma and Conasauga Formations (Figurs .10

The Eau Claire rangss in thickness from less than 300 feetin the nonnsast to mors than 500 feet
in the southwast, The Eau Claire is 382 fest thick at the INEOS site and comprises pafn of the
injaction and arresimant inarvals,



Knox Dolomite (Cambo-@roﬁw%ciam}

The Knox Dolomite (undifferantizied) in northwastern Ohio 18 composed of white © light gray
crvstaliine dolomite containing glauconitic siltstone and minor interbedded siity dolomite near ihe
bese of the formation (Janssens, 1373). Glauconite is present near the top of the formation
(Wickstrom, et al 18921, The base of the Knox is transitiona! with the Eau Claire Formation. The
Knox Dolormite ranges in thickness srom approximately 200 feet in the northeast 1© approximately
700 fzai in the southwest (Figure 4-11).  The Knox Dojomite is 590 feat thick at the INEOS site
and the lowear half is the confining zone for injected fiuids.

Wialls Cresk Formation tOrdovician)

Lying unconformably upon the KnoX Dolomite, the Welis Creek Eommation is composed of
digtinctive green, waxy, dolormitic and pyritic shale with some argiliaceous carponaies, brown,
gray and black shales, and MINor amounts of sandsione and siltstone  (Wicksirom). The
thicknass of the Wells Cresk 18 raiated io the Knox Dolomits nalectopography, 1.8, thin saciions
of Wells Creek correspond {0 thick sequences of Knox Dolomite (Wickstrom, et al 1982). The
maxirmum thicknass of the Wells Crask i 30 feet. The Wells Cresk is 18 feat thick at the INECS
site.

Black River Group (Ordovician]

Thz Black River Group comjormably overlies ihe Wwells Craek Formation except whare refist on
the post-Knox erosional surface was enougn o oreclude deposition of the Walls Craak, in which
case it fizs upon the Knox unconformity.  Lithotogically, thz Black River group consisis of tan,
iight-brown or gray micritic o finely crystaliine limesione with s0me inssiiiferous zones.
Benioniies arz abundant at tha fop of the sormation (Wicksirom, st al, 1982, Regionally, the
thickness of the Black River Group rangas from 300 szst in the west to 480 feet in the =zsi
(Figurs 4-12). The Rizck Rivar Group is 381 feat thick at the INEOS site.

The contact of the Tranton Limesions and Black River Group is conformabie and i datermined
regionally on the basis of 2 prominent bentonite marker. in genaral, the Trenion timesione & &

sossififerous limestone with a dark-gray io ighi-brown mairix. Thin shale beds are COMMON. The

rrenion Limestons in northwest Onio consists of platiorm, platform margin and opan shelf facies
(Wickstrom, &t al, 1882) {Figura 4-4). The INEOS site is within he ptatiormn facies. The top of
fna Trenton was an important oii producer during the early 1900's.

The Trenion Limasione ranges i thickness from 200 - 300 tast io the northwest and thins
abruptly tc lzss than 100 feet 1o the southsast (Figure 4-13). Southeast of the Tranion piatiorm
the Point Pleasant interbedosd shalas and limesions wWere deposiied {Figure 4-14), Tha Trenton
Limestons is 174 fest thick at the INEOS faciiity.

Cincinnatl Group — Undiferentiated (Ordovician)

The contact of the Cincinnati Group with the underlying Trenion Limastone is sharp and sasily
distinguishable on geophysical 1058, The Cincinnati Group grades upward from light 10 dark gray
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caicarsous shales and siity chales o Hight-gray fo gresn calcarsous shaies imerbadded with fine
1o medium crystaliine fossiiterous limestone and dolomiies (Wicksirom, gt al, 1982). The
Cincinnati Group ranges from 700 fesi to the west © approximataly 250 t=st 1o the east (Figure 4-
18y, The Cincinnati Group is 888 feet thick at the INEOS site.

Lowermoest Undifferentiated Siurian Recks

The contact of the lowarmest undifferentiated Siiurian rocks with the undertying Cincinnai Group
iz thought fc be unconformable in indiana pzsed on faunal evidencs. However, no physical
evidence iz present in northwesiern  Ohio (Wickstrom, at @l 1882).  The lowarmost
undifferentiated Silurian rocks consist of thin bedded gray calcarsous shales and white crystaliing
jimestonas,  in north-ceniral Ohio, the iowermost undifferentiatad Silurian rocks can be divided
inio the Brassiield Formation (argilaceous fimesiong), the Cabot Haagd Formation {limastoneg) and
the Dayion and Rochesier sormations {shale). Through & sarizs of tacies changes and pinchouts,
these formations do not correlaie to the west. (As discussed in the Hydrology section, the base of
the lowermost undifferentiated Siiurian rocks i definad 23 the base of the lowermost LUSDW)
The lowarmost undifferentiated Silurian rocks are 58 fest thick at the INEOS facility.

Loskport Group (Sikurian)
et *
id

= Lockpori Group, also retarred fo as the Lockport Dolomits, is subdivided regionally into I
Gesport, Goat island and the Gueinh Dolomites. Thazse tormations ars presant throughout th

(0
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region but the sontacts between them ars fransitional, making corralation betwean them tenuous
angd therefors are nNot differentiated in fhis study. The Lockport in Ohip and adjaceni arses 8
known for containing reefs, massive accumuaiions of skeletal framawork ang debris from &0
sbundance of raef building prganisms (Hansan, 1988). The Lockport Group is 100 fzat thick at
the INECS slis.

Pleigiocens Giacial Deposis

During the Mesczolc and Cenozoic, the region was subasrially exposaed resuliing in moderate
rafiaf topography and incisad drainage. The Lockport Group 1s the imain source of drinking water
in northwestarn Ohic and the base is considerad 1o bs the nase of the 3000 moll USDW. As
discussad in the saction of Geologic History, puéi-Siiurian rocks wers removed by srosion. The
Pleisiocene in the study area consists of Wisconsinan glacial deposits. These fie disconformably
upon the posi-Siturian arosional surface and consist of 2ng morainas, ground morainzs and

outwash piains and rangs i combinad thicknass from 30 10 200 feat (Figure 4-18). The For

Wayne, Wabash and St Johns moraines Cioss the study area aiong smsi-wast finss and are the
most prominant remnant glacial landiorms in the area (Figure 4-17),

Regional Structure

This section is & discussion of the Pracambrian struciural slements of the region and the relation
to ths overlying Pateozolc saciion, in which the Cambrian-Mt Simon and = oy Clairs Formations
comprise ihe iniaction ZoNE, and the lower half of the Knox Dolomite comprises the confining
zone a the INEQOS sliz.



The regional siructure on the Precambrian unconiormity and the relation to Paleozoic stTUCIUTE i
interpreied and discussed based on ragional studiss ancompassing magnatic gravity, selsmic
and well datz {geophysical logs and cuttings).

The Grenville Front {Grenvilie Tectonic Zone) and ihe East Continent Rift Basin (Fort Wayne RitD)

i
sominaie the Pracambrian siruciure of noritwastarn Ohio (Figure 4-2Y.

The position of the Grenville Front is well dafinad by the residual seromagnetic map of the siaiz
of Ohio (Wicksirom, et al, 1902} (Figurs 4-18). The Grenville Front is the result of the

compressional phase of the Grenville Orogeny, when ocks of the Grenvilie Province wers thrust
(north—norihwesmard) onio the older craion {Hoshn and Hinze, 1982).

Located approximately 30 miles =ast of the INEOS facility, the Bowling Green Fault Zone and the '
sesociated outlet faull zone coincide with the Grenville Eront (Wickstrom, i al, 1982) (Figure 4-
3). The Bowiing Groen Fauli is reverse in nature, upthrown to the east ang exiends al least A5
miles from Hancook o Lucas County, Due 10 deviations of i irace, variations of offset and
several essoclated faulis, the fault zone I8 consigerad fo be a complex wrench sysiem
(Wickstrom, &t al, 1902). His interpreted o have kad thres primary episodes of movemsant
Precambrian, Ordovician, and Silurian.  Ordovician movament and displacemant of rocks s
avident on 2 saismic profile (Figure 4.48). An spisode of tauliing occurred concurrent with of
slightly after Trenion geposifion, probably @ byproduct of the Ludson Valley Phese of the Taconic
Orpgeny (Titus, 1688 Wickstrom, et al, 1892). Struciural conioul maps of the Knox, Trenion and
Cincinnzti Groups exhibi displacement aiong iz fmult zonss (Figures 4-20. 4-2% and 4-22).
Silurian movement s exemplified Dy expOsures of Silurian badrock at the France Stons Co.
Watervile Quarry in Wood County. Al this Dulciop, fault gouge s apparent (Wicksirom, st al,
19923, - Reourrant rmovemant of the Bowling Gresn Fault zone is confirmed by Oniasch (1885).
Onasch has documentad not only sevetal pariods  Of Bajeczole movaement bul possibly
Cretacapus and youngsr activity.

The second fsaturs imporiant to the pracambrian siruciure of nornwestsrn Ohio i the Eest
Continent Rifl Basin and- zssociated Fort Wayne =i Zone (Figure 4-2). 10 recent years, much
attention has bzen focusad on this arsa, especiatly  aftef tha discovery Of Pragambrian
sadimantary rocks below the Cambrian ML Simon Sandsions, In the Warren County stratigraphic
resi conducted by the OO Geological Sunvey {Shrake, 2t al, 1290) and by he stratigraphic fest
wall (WDW No. 4 ) drited by INEOS in 1981

Miany workers had spsculaied on the presance of Bracambrian rifis in wesiem Onio, using
magnstic and gravity daia (Rarancski, 2002). The discovery of Precambrian sedimentary rocks
(Middie Run Formation) wes additional proof of pracambrian rifiing and e swisience of the East
Continent Rift Basin ang e acsociated Fort Wayne =it Zona (Figurs 4-2).

The Saest Continant Rl Basin (Fort Wayne Rifi Zong) s posiuiated 10 be slightly older than the
Granvilie Province, but posi-daies the Central Graniie-Rhyolie Province (Drahovzal 2t al, 1882,
Hoehn and Hinze, 1 aez).



The structure confour map of the Precambrian published by the Ohio Depanment of Natural
Resources, Division of Geological Survey (Baranoski, 2002) uilized available well control and
seismic data (Figurs 4-23; enftire map Appendix 4-1). As dapicted on the map, & saries of fault
hiocks have bean mappet along the Cocorp (OM-1) seismic line run through Shelby, Logan and
Union counties. This ting is approximaiely 18 miies south of the INEOS site. This series of fault
blocks is coincidsnt with the Forl Wayne Rift Zone and coincides with the azromagnaiic
anamolizs mapped by Hildenbrand and Kucks (Figurs 4-18) in 1984,

Paleozoic structure maps compiled by Janssens (1673) and Wickstrom et &l (1€82) do not
indicaie any evidence of Paleozoic mvolvenant or reactivation in this area of faulting (Figures 4-
20 through 4-25). In addifion, and a8 will be discussed in more datail in the seciion On L.ocal
Struciurs, no evidance of Dolanzoic movemnant is evident on seismic lines run near the INECS
faciiity (Brune, 1881, Baranoski 2002; Paramo, 200Z; Wiolfs 1883).

Sevaral unpublished studizs which incluge Heidorn (WL.S. Thasis, 1878) and Stone and Wabster
(1878), postulated ihe evistznee of & number of fauls in northwestern Ohio which previously were
unrecognized. Thase have besn namad the Anng, Auglaize, Logan-Hardin and Union Faulis

There is soms correlation of 2 portion of the Anna, Logan-Hardin and Union Fauliz to both th
taults mappad on the Cocorp OF-1 iine and anomalies on the asromagnatic map. Howseaver, ihz
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speculative Auglaize Faull dogs not seem to correlate with the seismic line of ine seromagnstic
map. The Augialze Faull frand is depiciad on the Precambrian struciure map of Baranoski 2002
=5 intarred with “displacamsant guestionabie.” In addition, 23 Wickstrom, et al (1292) siates, there
is no direct evigence of Palsozoic movemant along these trands and their pesitions are highly
speculative.

The closest (approximately 8 miles) propesad fault fo the INEOS siiz is the Augiaize Faull that
has been siudiad by several workers, The studias will be summarized below.

Stone and Webster (1878) reporteg that the Auglaize Fauli trends noriheasi-southwast, 1S
upthrown o the southaast and has dispiacement of 50 fest on top of the Trenion Limesions
(Janssenrs, 1897); Appendix 4-Z; Figure 4-27). However, 28 stated by Janssens, only selected
Trenton wells wers utilized o confirm the fauli trace and it ali Trenion data is incorporated, the
sault cannot be mapped and only regional dip is presant

Heidorn (1679) is 2 M.S. Thesis from Wright Stats University that theorizes that a fault (Auglaize)
influsncad the davelppment of the buried hedrock valiey, a tributary of the Teays Valley Sysiem,
which bisects Augiaize County. TD SUppoT this, & gravity survey was made to gather bedrock
information and & Trenion siructure map was consiructed.  As in the case of the Stone and
Wabster repor, only selected Trenton walls were incorporated into the thesis and i all available
data were utilized only regional dip is present (Janssens, 1281) (Appendix 4-2). in addition, it i1s
Janssens’ opinion that a gravity siudy “is & proper ong ip expiore for such featurss 25 salt domes



and ore bodizs but not o search for such subtle density — contrast fealures such as Pracambrian
basement of overying Paiepzoic sadimentary rocks.” Ht is also imporiant © note that Heidorm’s
varsion of the fault is mappad 10 the west of Stong ant \Webster's Auglaize Fault and the sense of
throw is reversed, Le., upthrown io the northwest insisad of to the southeast This further
exemplifies the highly spaculative nature of tha Auglaize Faull.

Wickstrom (1880, 1882) proposed that the Auglaize and Logan-Hardin Faults were coniroting
saciors for the development and pesition of the Trenion carbonaie piatform and that they had
possibis Dalaozoic reaciivaiion.  HOWeVer, structure maps of the Knox Dotomite and Trenion
Lirmastons show only ragional dip io the northwast (Figures 4-20 and 4-21).

in response o the pessipility of Trenion ags and Paleozoic faulting in gzneral, Rike {1989)
periormead & detailed subsuriace siructurat analysis (ufilizing exiensive well confrol) of the
Trenton Limastone for & distance of 8 miles surrounding the INEOS gite {2 summary by S A Lang
of the Rike, 1889 raport is included as Appendix 4-3). Although soma small scalg closuies ars
mappad, no faults were dataciad in this study (Drawing 4-3).

Regionally, 2 far 2% Palzozoic sechion 18 concerned, there is definite proof that thers was
reactivation along the Sowling Gresn Faull Zone, which 15 approximaiely thirty miles from the
INEOS site (Figures 4-20, 424 and 4-22) There 13 ziso evidence of Paleozoic reaciivation along
e Forl Wayne Rift Zone which is approximataly 14 mites south of the INEOS site (Baranoskl,
2002). Barancsk (2002) uiilized the COCORP OR-1 seismic in2 as part of his study (Figure 4~
23, Appandix 4-1} This is in contrasi io the work of Janssens (1873), which utilized limitad wal
control and did not raveal Palenzoic fauliing along the arsa later designated as the Fort \Nayhe
Rift.

The asromagnstic map (Figure 4-18) ol Hildenbrand and Kucks (1884} which is utilized in
Wicksirom =t al (1892) displays significant magnetic anomalies which align and coincide with the
Fort Wayne Rift (14 mites South) and Bowling Graen Fault Zones (31 miles Easi). No anomalias
of thig intensity of finear nature 000U in the immediate vicinity ot ihe INEQS site,

in the region adjacent 1o tha INECS faciity, precambrian and Paleozoic siructure o the top with
the Eau Clare exhibits regional dip fo the northwast, changing fo a more northarly regional dip on
progressively youngst sormations (Figuras 4-20 through 4-25, Janssens, 1973 Wickstrom, &t al,
19292). In addition, the rate of dip dscreases upward in the section. This coincides with
Wickstrom's {1982) description of the indizna Ohio platform structural refisf as resuling from
difterantial subsidence of ihe surrounding basins 2s opposed o tectonic uphifi.

In conclusion, il appsars that the closest dosumentad Precambrian fzuliing with Paizozoic
reactivation is locatad approximately fourieen miles fo the south of the INEOS site in the For
Vidayne Rift Zone. Palsozoic reactivation also occurrad along the Bowling Graan Fault Zong,
approximately thirty railes o the sest of the INEOS site. The highly speculative Auglaize Faull,
approximately & mites southeast of the site ras guestionable pracambrian displacemeant and
highty unlikely Paleozoic movement (Barancski, 2002y, Furihet discussions on tocal struciure



and interpretaiion of saiamic fines run at the INECS sita ars provided in Section 42 iand 4211
These fines were vary useful in definzating struciure at the INEOS site, considering the paucity of
sub-Trenton data {wali control).

Seismic Activity ‘
Earthquake epiceniers within ths INECS region are imnuizted In Appendly 4-4 phased oOff
information through hay 1, 2010, from the Advanced Nationa! Seismic System. The ragion
searchad for sarthguakes s 78° W to 90° W longitude and 368° N A5® N lafiude. A map
showing sarthguakes in this region is included i Appendix 4-4. AlsO includad in Appandix 4-4
and 28 Figure 4-28 s & map of earthguakes local o ihe INEOS site. Figure 428 shows
sarthguakes ihat have been racorded from 1775 through May 1, 2010. The University of Michigan
moniforad the Anna Seismogenic Region, where ihs INEOS facifity is located, from 1878 v 1992
Significant mistorical sarthguakes through 1882 in the gznerat vicinity of the INEOS site, reporiad
in literature and recordsd by the University of Michigan are listed in Table 4-1. In addition, INECS
maintaing 2 seismic MONIoTng instrument on site that has been operational $ince March 1281
Seismic records are obtained with 2 Mark Products downhole friaxial geophone ant fransducars
and 2 Kinemstrics recorder. The operation of these imstrumenis is summarized in guariary
reports. A racent ssigmic monitoring quarterly report is includad in Apoendix 7-8. During the
pariod 1998 through sarly 2005, no iocal svents recorded by ihe instrumants  displaysd
characieristics aesociated with sither naturat of induced seismicity. any svents ars atiributed o
high levels of activity and béckground noise assosiated with INEOS tacility operations, such 28
pessing trucks {Geroscience Sarvices, 1881).
Two local sardhguakes ooourred near Lima in 2008 the Way 12, 2008, zarthguake with
magnitude 2.6 and the August 15, 2006, sarthguake with magnitude 2.5, Both svenis wale
iocated approximatsly 2 miles sest of the INECS facliity. £ series of 85 local ricrosarthguakes
was recordad by the INECS saisrnic moniioring systam bhaginning on March 25 2005, and anding
on March 28, 2008 The fpliowing  descripion of the magniudes and iocations of ine
microsarthguakes was sxcerpied from YWeston Geophysical (2008}

\nalyses of recordad seismograms including measuremeni of pazk vibrafion amplitudes

and fime separation between P and S wave armivals oroduced the sollowing estimated
maghitudes and socal distances from the BPC ssismic monitor. Magnituges range from -
15 o +0.5. Four avens are locaied clossr to the monior in 2 distance rangs from aboul
4 5 to 2.5 km. Remaining avents ars more distant in ths rangs of about 4.0 10 50 km. Al
svants are oo smal to have hesn detecied by regional seismograph siafions, which
typically operais with 2 magnitude deteciion threshold of WM=2.0, or largsr. Tharefore,
accurate locations for these events cannot be dsterminad using just the singls station
records obtained at BPC [the INEOS saismic station].

INEOS has not recorded any saismic activity retaied to injection operations,

The historical daia indicaie the majority of sejsmic activity has ootu reg near Anna, Ohio whers
o

r
ths first well-documenied sarthguake in Ohio was recordad in 1875, Howas stimated 1o be 2

rRevised October 2010
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Wiodified Mercalll Iniensity VU, intense gnough to causs camage o poorly construcied bulidings.
Appendix 4-5 gescribss the Modified wiercalli intensity Scals,

The small- o medium-sized eanthquakes of the Anna Ssismogenic Region shown on Figure 4-29
coincide with the Precambrian faulis of the Fort Wayne Rift Zone definzated by the COCORP
a

I . o .
1) selsmic line 2nd denicied on ihe

-0

aec

brian structure map complled Dy the QDNR,
Division of Gaological Survey (Baranoski, 2002; Figure 4-23). The depths of the small evenis
norhszast of Anna are batwaen three and six miles based on P-wave arrival time. In general, the
seismicity of the Anna Saismogenic Region I8 consisiently desper than three rniles for the evenis
in which data are available. Thes® depths are consistent with the concept of deep-zeaied
Precambrian faulting and ars considerably deeper than the injection zone at the INEOS faciiity.

i_ocal Geology
The foliowing $eCHoONs present the geologic information available in the vicinity of the INEGS
injection well facility.

Lotal Structurs

Seismic reflection data were colizciad by INEOS during the period from 1988 10 1881, Detalls of
tha seismic reflection survey and 5 summary of the resulis are sumrmarizad in this seciion. The
original report (Brung, 1 981) is included as Appendix 4-8. Cross-sactions A-A” and B-B' show tha
continuity of the injection zong and shallowsr horizons (Drawings 4-1 and 423,

Due to the tack of weail conirol desper than tha rranion Limasiong, only very jocal struciure
contour maps of the Top of Wit. Simon, Eau Ciaire and Knox Dolomite could be gen=ratad
(Figuras 4-33, 4-34 and 4.25). Rike (1989) parformed 2 detailed structural analysis of the
Trenton Limestone uiilizing sbundant well control. This map is includsd as Drawing 4-3. A
summary by S.A. Lang of Rike's report is included 2s Appendix 4-3.

Seigmic Reflection Survey

& seismic reflection survey was conducied by INECS from 1988 10 4091 In order fo meet the
permit reguiremanis in Onio EPA Part ({DY5) for the permitied daep wells that reguirs “adsquaie

saismic fines and profiies... 10 provige information on the deep strucure of the arze” (Brune,
1991). A detailed description of the szismic program and svaiuation is providst in Appandix 4-5.

The foliowing summary 18 pasad on Brune (1881}
Approximaiely 70 miles of seismic data, all of which ware 30 or 50 foid, were acquired on 13
ines A synthetic seismogram was gensrated jrom 2 sonic fog from the INEOS injection walls

(Figure 4-30). All of the acguisiion work and most of the processing was performad by
geophysical coniracting cormnpanies. Tables 4-2, 43 and 4-4 summarize ths chronoiogy,

4-11



acquisition and processing paramsiars. For quality control during the 1989 and 1900 program, 2
third party fachnical represeniative was present during acquisifion.

“The seismic investigation of 1088 and 1988 focused on the arsa southeast of the INEOS facility
i order to invesfigate the presence of the postulated Auglaize and Teay Tributary of relaiad
taulis and most imporianty, evidence of Palenzoic reactivation,  The 1890 saismic program
consisied of sasi-wast and notth-south tines that boxed in the INEOS site and provided the poIns
for the 1988 and 1988 data (Figurs 4-31). Thrae seismic refleciors were recognized and uillized
in the study:  the Trenion Eay Claire ang the ML Simon,  The synthetic selsmogram was
corelated 1o the seismic fines &s shown in Figure 4-30. The best reflector correlates io a fight
sone near ths top of the Eau Ciaire Formation and could be traced throughout the area. Precise
picks of ithe hage of the Mt Simon {(Top of Sracambrian unconformity), evenis within the
Pracambrian and the top of she Knox Dolorite were not possible,

Interpretation of the Pracambrian siructure indicated that thare is svidence of Precambrian
structure consisiing of possible faults of fraciure planes. in most cases, fhese lack avidance of
yeriical throw, Brung (1981}, Chapter 5 p. 2, para. 4 sistes “There ig avidence of SOME fauliing
in the pre-iii, Simon, and there is probable evidencs of many possible fraciureffault planes $een
by horizontal seismic evant ferminafions and dim spots. However, there i 2 significant concem
ihat such svenis can D2 confused with varipus noise SOUTCES andjor out-of-the-plans -saismic
avanis” Also 528 0.3 chapter 3, Haorizontal Noise and Fzult Planss.

]

w

Th
Statistica! scatier of the Eau Ciaire reflector was enough ip obscura inz known ragional dip
(northwest) which made contouring ihe date poiniless. Howsaval, it can be determined ihat the

Eay Claire reflecior was constant throughout the ars2 ang showsd no evidence of faulling.

Eau Claire Formation s essentially flal The Trenion Limesions reflactor was consistent
throughout fhe area and atso showad no evicence of the faulling. Howevar, the depth resolution
of the seismic daia is much less than subsuriace mapping nased on well conirol Tharaforg,
rather than a Top of Trenton saigmic map, an isechron map of the Top of Trenton {0 the Top of
Eau Claire (dolomitic shalafiine grained sandsfone near the top of the Eau Claire) was compiled.
It was found that the isotima interval was copstant.  Tnis & an excellant indication ihai ths
Pracambrian had no control over the depesition of the overlying Paleozoic and thus reactivaiion
of deep-szatad Pracambrian faatures during the paleazoic did not ottul, The WML Simon reflactor
had even more statistical scatier than the Trenfon or £au Claire and any isopach mapping
involving the Mt Simon was not usaful to the study.

The saismic lings acquired and svaluaisd by INEOS were also analyzed and incorporaied N0 8
Pracamprian siruciure map compiled by the ODNR, Division of Geological Sunvey (Baranoski,

2002). No faulis with dafinite Precambnian movement of Paleczoic reaciivaiion were mappad on
these finas (Figure 4-23 Appendix 4-1).

in & M5 Thasis periormad at Ohio State University, Paramo (2002) reprocessed and svaluaied
the INEQS lings. Paramo notes svidence of srecambrian fauling which he interpreis 88
sytensional due 10 Ihe formation of the East Continent Rift Basin and conciudes the ‘Cambrian



and Ordovician strate are Tat heneath the seismic linss (n112 para. 2)" Hs also sizies that
Cambrian-Ordovician sedimenis are near constant thickness throughout fhe study arsa (p. 73,
para, 2). This agrees with the isochron work of Brung (1881} Paramo's model for the subsuriace
geology of Alien County is provided as Figure £.372. His model doss not incluge any evidsnce for
paleczoic reactivation. )
Wolfz (1983} atso gnalyzed the INEOS seismic lings and identified Precambrian faulting.
goss Brune {1881}, Paramo (2002), his report doss not give evidence for Paleszoic reactivation
on the INEOS lines (Figure 32-A).

bs

b

in conciusion, studies of the seismic fines at the INEOS sacility have indicated that

4 Evidence of Precambrian siructural fzatures axist, such as fault or fraciure planes (Brune,
1991, Paramo, 2002 VWolie, 1983). However, these nad litle to no varfical throw and
some possibly are nolss related (Brung, 1897}

2 The Precambrian tgultsfiraciure planas do not seem io corratate from line fo ling {Brunz
1681) and ithe Bracambrian siruciure map of Baranoski (2002) which uillized these inas
doss not display faults in the are2 in guestion.

3. The Trenton, Eau Clzire and Knox Dolomile reflaciors showed no avidencs of Palsozoic
fauliing (reactivation of ihs deep-seaied fealures) ‘Paramo, 2002, Brung 1091 Wolfe,
1983}

slthough Paleczolc sadimantation was imflusncad by racurrent Taull movemant and

Pracambrian paieoiopography along the COCORP OH-1 selsmic ine 14 miles south of

fhe INEOS facility {(Baraneskt, 2002} and regionally in othat arsas, isochron mapping of

seismic linss al the INEOS facility on the Top of Trenton ic Top of zau Claire showsd
uniform thickness of ihe stratigraphic units, thus indicating that local Precambrian
structure of paleoiopography had littlz influence oh Paleczoic sedimaniation. This i8
strong evidence that in eonirast o the Bowling Graen Eault Zons and the Fort Wayne

Rift, the deap—éeateé Pracambrian features did nol undergo Paleozoic reaciivation. As

staied praviously, this is supported by the work of Paramo (2002), Brune (1281) and

VWolie (1983).

4.72.1.2 Locatl Struciure Miaps and Cross-Sections
Drawings A-% and 4-2) traverse sasi-wesi and north-south fhrough

e section from the Lockpot Dolomite to the ML Simon Sandsiong
and Precambprian is displayed and shows lateral continuity of ths formations, and iack of faulting.

Cross-sactions A=A and B-g
the INEOS injaction wslls. T

Although lack of well controt in the immediais vicinity of the INEOS faciiity prevenis deialied
structurs confour mapping on the top of the WMt Simon Sandstone, Eau Claire Eormafion and

Knox Dolomitz, structurg contour maps of fnesz thras horizons are mcluded as Figurss 4-33, b
34 and 4-35,



4.2.2

4.2.2.14

The structure maps of the Top of the Mt Simon sandsione and Eau Claire Cormation show dip of
approximately 25 - 30 feet/mile 1o the sorthwest.  This coincides wall with the work of Shearow
{1987}, and setgrmic work of Bruns (1981), and the documentad regional struciure.

The top of the Knox Dolomite map shows dip of approximaizly 40D feet/mile 0 the southwsast
The southwast dip coincides with work of Wickstrom, &l 5l {1882) where & rough on top of the
¥nox appears o exist benzath the INEOS facility (Figure 4.20). The siesper dip on iop of he
Knox Dolamite, is probably reflective of paleotopography (due fo karsting) as the Knox thins from
VWDWs No. 1 and 3 (northaast) 0 WDWs No. 2 and 4 (southwest) (Drawings 44, 4.7 and d-4;
ses also section On Regional Stratigraphy).

Ag discussed in the section on Regional siruciure, Rike (19815 performed 2 ‘detailed siructural
analysis of the Trenton Limestonhe within an 8-mile radius of the INEOS facility, A surnmary by
3.A Lang of this repott is providad in Appendix 4-3. The Top of the Trenion Wiap is displayed 28
Drawing 4-3. As shown on she map, several small closuigs are mappad on top of the Trenion. A5
stated previously, the Trenion Limesions at the INEOS siie is interpreie by Wickstrom =t al
(1982), to lie within the plafform margin {acies. Saveral of the closures afign southwest 1©
northeast, coincident with the trend of the piatiorm margin. Since no avidence of deaperl ciosed
arficinal jsatures has LeSn prasenied by Brung (1881}, paranoski (2002}, Paramo (2002} or
Volfe (1983) in seismic interpretation in the arsa of the INEOS siie, it s likely that these closures
are the result of depositional iopography on 1op of the Trenton Limestong, which is consisient
with 2 platform margin setting (see Geologic History and Regional Siratigraphy discussions). NO

prct

svidence of fzuliing s indicatad on the structure map. This coincides with the saismic analysis
parformed by Zruns (1881), Parame (2002), Barancski (2002) and \olfs (1883).

in conclusion, structure mmapping from wall control and saismic Aats of the ML Simon, Eau Clairs,
Knox ant Trenton Formations indicates that the Paleozoic section kes ot been fauliad in ine

vicinity of the INECS tacility and thersfors the injzction zone is not structurally compromisad,
welishte Lithology
Properiiss of the injection Zone

The injaction zone at the INEOS site Is comprised of the Mi Simon Sandsions and Eau Claire
Eormation, and in SOME wells the Precambrian wiigdie Run Formation. The INEOS injection zone
was subdividad ino 2 numbser of differant intervals in order 10 consarvaiivaly ovel estimate the
gross injection zon2 Yehavior, These iniervals are defined below, The injection zone and thase
imservals 2s applied 1o s INECS injection wells are ilusirated in Figures 4-36 and 4-37, and
Drawings 4-4 and 4-5.

permitied injection irterval

Ths portion of the iniaction zone Inic which the wasiawalter i3 directly placed. At INEOS Lima,
this corresponds 1o the opanhole portion of the injeciion weaiis.

4.4



z&ective injection Interval

The portion of the injection Zons ihat directly receives the injecied wastewaier from sny of e
INEOS Lima wells at a radial distance from a welibore. This contains the modsied injzction
imterval. The dimensions of the afartive injection interval are greaier than the permitied injection
interval because of the potential for verical fluid flow in the relatively low-parrmeabiiity straia
immadiately' pverlying and/or underlying the permiiied injsction interval.

pagsive Injecton interval

The passive injeciion interval wes defined by INEOS in order o soncepiuaiize a conservaiive
prediciive model. This intervai consisis of the sirata above the modelad injaction interval
underlying the arrestment strata {containment interval). This interval does not directly influence
fhe injection interval resarvolr behavior during the injection activiies due 1o its low permeability
and porosity {regervoir) properiies. However, since the DSTs conductad in WDW No. 4 indicate
the poiential for injeciate in this passive injeclion interval, # has been includsd in the effzctive
injzction interval.

Wogsied njection Interval

The poriion of the efactive injaction interval that directly receives ihe injectad wasiewaisl and
;Jossesseé the resarvoir properiies that govemn the injsclion pressure. The modsisd injaction
interval and the passive injsction interval form the efzctive injection inferval.

srrestment Strata

The siratz above the ehectve inizction interval that impedes vertical fluig movemsani irom he

afactive injection inferval. Ajl modsaiad vertical franspon of injecied wastewaier componanis will
be contained within the arrestrent sirata (containment interval) for & minimum of 10,000 years.

Figure 4-38 summarizes information for ihis intarval.

The discussion of the local welisite fithology of the three tormmations representing the injaction
zonz (Middle Run, ML Simon, Eau Claire) focuses on resulic obtained from coring the
stratigraphic iest well (WDWY No. 4), cuttings and geophysical 10g datz obiained on all four
injzciion wells. A ithologic compesite 109 graphically displaying the cors escriptions is included
a5 Appendix 4-7.

The messurad and subsea depths along with formation thickness comprising the injection zong
{and all penatraied formations) is providsd in Table 4-5.

Miiddle Run Formation {Precambrian)

As iliustrated in Figures 4-35 and 4-37 and Drawings 4-4 and 4-5, the lowarmost portion of ihe
injection interval lies within the uppermest part of the Middie Run Formation. The fop of the
Pragambrian was not panetraied in WDW No. 1. The fargest amount of Middis Run arilled was in
the siratigraphic {2st wail (WDW No. 4, This seciion will be discussed balow,

A toial of 2555 fesl of the Widdle Run was ~ored in WDV No. 4. The total thicknass of th

L

Miigdle Run is unknown 28 the formation was not compleiely peneirated.



The contact between the Middie Run and the ovarlying ML Simod is characterized by an abrupt
jithologic change from a conglomeratic sandsiong in the Mt Simon o & fine grainéd argillaceous
sandsione with no visible intergranuiar porosity at ihe fop of the Middle Run. The overall Middle
2un section in the WDW No. 4 consists of interbedded sandsione and siltzione ranging in

thicikness from 30 10 60 fast

The sandsions iz generally 2 medium o dark reddish brown, argiliaceous, well-soried, fine
grained guanzose faidspathic sand (se¢ Photo -1, Appendix 4-B) T
occasionally cross-bedded.

he sandsionz is

Badgding strike is strongly orieniad east-wast with fess than 30 degree dip, generally © the south.
Natural and induced fractures are pravaient throughout the core. In general, ihe silisibne units
comzin & greater overall percentage of e Open, partially open and minaralized closed natural
sractures than 4o the sandsione layers. '

mit. Simon Sandsions

The WML Simon Sandsions averages 240 feet in thickness at the INEOS faciiity and comprises the
main poriion of ths imjaction interval. Lack of well comnirol prevenis iocal isopach map. A

L

), Dug fo the gragational naturs of th

contact with the ovarlying Eau Cisire Eormation, ihe fop of the Wi Simon was correiated by

rapresentatives from ODNR and INEOS basst updn 2 revisw of log and cora data (Rea and

Wickstrom, =t al, 1881). All of ihs cross-gactions provided raflact the praferred correlation of ihe
).

regional isopach is provideg (Figure 4-7; Janssens, 1873}

4

ODKNR that differs from Janssens (1973). Figure 49 displays the correiafion of Sased, 2002
Despite the differing opinions on ihe Wit Simon thickness, the ragional isopach is usezhul for

displzving the overall iater | extant of the Mt Simon.

Thz Wi Simon ragionally lizs unconformably upon the Middie Run, This is evident by the abrupt
chanas from the poorly soriad, haferogenous, anguiar, wall cemaniad rocks of the Wiiddis Run
and the lighiar, homogsnous, less comented partially friable basal sandstone of tha ML Simon
(Sasad, 2002). The naucity of tically influanced and bioganic featurss in the Middle Run and 28
opposed io the ML Simon, s also evidence for the unconformity (Sazed, 2002). Additional
evidence for the unconformity is notad by Wolfe (1823}, He noies the absance of the Middle Run
in somz ragional salsmic saciions which suggests & 1ong pariod of erosion prior o ML Simon
deposition. Insome saismic ines evidence of a low angle unconformity axisis.

Thz Mi Simon at the site can be divided inio two fithologic packages related 1o depositional
snvironmeani basad on Gore descriptions (WDW No. 4y, The lower portion of the Mt Simon (2870
— 34537 represents & fluviak-deltaic snvironmant with increasing maring influence towards the 10p
of ihe sequance. The upper portion (2813 ~ 29707 represents & ransitipnal maring sequence
characiarized by the presence of glauconite. Saesd's interpretation is provided 25 Figure 4-8.

For the purposs of modeling, the ML Simon Sandstone was subdividad into three layers (Drawing
4-4 and Figurs 4-37}

4-16
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“The M3, layer in WDW No. 4 aytends from 2870 feet 1o he Middie Run contaci at 31583.5 fpet.
The top of the MS, layer sporeximates Saesd’s (2002) Wi Simon op. This interval 18
distinguished by 110 8 inch thick interbedded dark red, white gray and tan sandstone {Photo C-Z,
Appendix 4-8). Hamatiie staining is present in dark red layers, which are very fine to very coarse
io pebbly and occesionally conglomaratic, indicating non-marine deposition. The whiig, gray and
tan layers ars typically madium-to-coarse grained sancsionss which are angular and friable with
good o excellent porosity. This layer s exiensively cross-bedded.

The WS, tayer in WDW No. 4 (2840~ 28707 containg interbaddad white-gray, raddish-brown and
tmpy sandsionas and silistones (see Phoio G-3, Appandix 4-8). This layer is characierized by
abundant discontinuous ciay sompaction layals and laminafions. Bioturbated, glauconitic, very
fine to medium grained seidspathic and quarzese sandstones are present along with some
interbadded shales. This jayer represanis a fransitional, incrzasingly marne environment of
deposition,

Tha MS, lever (2800 - 2840’) consists of pradominanily clay-rich sandsions with inferbadded
silteione and is gradational with the overlying Zau Claire. As discussed previously, the ODNR
pick for the contact s 2813 feet in WDW N, 4. The sandstone is typically white o tan and light
to rust brown, very fing fo fine grained, well-soried and subanguiar © sub-rounded (ses Photo C-
4, Appendix 4-8). As in MS,, the sandstons is tzidspathic and quanzoss. Near the coniact with
she Eau Claire, giaconiie comprises up 80% of ths malrix, indicaling marnna conditions. This
lver is very argiliaceous. This i the primary control of afeciive nat porosity as effsctive net
norosity increases with decrsasing clay content.

The Wit Simon Sandstong Gore contains few natural fracturas. Two fypes observed are partizlty
opan and slosad natural fractures, Thase are prasent only in the M5, Layer.

Eau Claire Formation

The Tau Claire averages in 362 teat thickness at the INEOS site. | ack of wall control prevenis 8
local %sopach'map. A regional isopach is provided as Figure 440, As discussad previously, he
contact betwaan the ML Simon and Eau Claire is open o interpretation, Thus ihe Eau Claire
shickness utilized in the permit is difierant from Janssens (1873). Howavar, the regional isopach
s uestul for displaying the ovarall igteral extant of the Eau Claire.

As discussed in fhe Regionai Stratigraphy section, the Eau Clajre represenis deposition in 2
transgressive marne sequente. The basal poriion (gragational with ML Simon) is characierized
by giauconitic sandstones, which grade fo dolomitic sandsionas and dolomites in the middiz 10
doiomite and mudsionzs neal the top of the formation. The upper contact is also gradational with
the overiying Knox Dolomite. The contact was picked Dy represeniatives from ODNR and INEOS
(Rez and Wickstrom, et al, 1881}

Eor modeling purposes he Ezu Claire was subdivided into six imyers based on core and
geophysical logs (Drawings 4-4, 4-5, Figure 4-37).



=C, is 25 feel thick in WOW No, 4 and consisis of interbedded white, gray and light brown
sandsione and medium gray siltsions, Sangsiongs are yery fing fo medium grained, sub-rounded
o sub-angular and are teldspathic and guarizose, NUmMerous clay-rich iaminafions OCOUT (see
Shato O-5, Appendix 4-8). The pase of this layar is glauconific. =#active net porosily is conirolied
by sili and clay contani

ECo 13 approximaiely o5 fest jo 100 fest thick ano is comprised of golomite glauconitic sandstonse,
argiliaceous sapdgions, silisions and dolomite. The sandsione is fight o dark gray of tan, very
fine grained and is sub-angular 10 anguiar. The sandsipnes are pregominantly ieldspathic with
some quariz and glauonite present. Clay iaminations are COMMON (Photo C-5, Appendix 4-8). in
addition o clay conient, the amount of quariz overgrowths control sorosity and permaability.
Crysialing dolomiles OooUT &8 thin madium gray o brown siringers.

C, consists of dolomitic, glauconitic candsiones approximaisty 50 fest in thickness. The
candsione s medium gray Drown, vary fing to madium grained, sub-rounded fo sub-anguiar and
well cemanied with dolomite and guatiz overgrowins (Fhoto C-7. Appandix 4-8). Egusl amounis

Hl

of guarz, feidspar and glauconitic grains are present.  SOME secondary lzached porosity 15
present and 28 well was intergranular prmary porosiiy.

=C, is approximatety 70 fest in thickness and 1S cornposad of argiliacedus dolomite fimasiong
and sitty shalz. Ths dolomiie is dark gray, madium crysialiins, silty ang giauconitic in part and
has low porosity (Phoio C-8, Appendix 4-8). Dolomitized, skeletal grainsions 18 als0 prassnt
Argiliaceous silisions jayers with no visiple pore space are inierbadded within this layar

=C. contains & nel shale thickness of 58 faat with thin interbeds of silly doiornitic imastone. This
fayar has 2 distinctive seismic signatuis and was the mapped refiscion The shalz is dark giay ©
Hlack and is iargely comprised of iliite. The limestong is madium o sark brown, medium 10
coarsaly crystalline, partiaily dolomitized and compossd of fine skelatal fragmenis, peioids,
glauconite grains and terrigenous Silt This laysr has very iow effective net poresity and
parmaability.

£C i 2 crystailing dolomite interpedded with nighly biofurbatet zones of argiliaceous siltstone
ang argiliacaous glauconific and dolomitic sandsiona (PHoio C-10, Appandix 4-8).

The dolomite is dark gray, medium crysialling, arenaceous and glauconitic in sarfs with very fow
poropsity, The sandstones are dark gray i@ prown, very fine to fine grained, anguiar o sub-
anguiar and camanted with dolomiie.

The Eau Claire lacks matural macro-fraciures halow 2581 feel in WDV Ne. 4 Some closed and
mineralized closed iraciures were tound in EC,, £C: and =Cs.

A dstailed discussion of porosity and permaabiiity within the three formations COMP ising the

injection zons will be provided in the snsuing sechion.



TABLE 4-5

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

= INEDS
WDWY No. £
INECS INECS INEQS (Strafigraphic
WA e, 4 WDW Ne. 2 WEAN No. 3 Test Wall)
{ft) (¥} i ()
KB 872 854 255 _ B7Z
Sating Group a2 NAS BA 51
jundifferentiaied! + B4QY + 811
7 8° 155
i pokport Group 230 200 204 212
+BE2 + 554 + 852 + G860
g8 g7 100 104
Suh-Lockport 308 287 304 316
Group + 554 + 557 + 552 + 555
&1 E5 58 57
Cincinnat Group 368 352 382 373
iungifferentiated) + 503 + 502 - 4B& + 498
883 832 883 38
Trenton 1252 1244 1251 F282
-380 -3580 : -354 -380
172 175 178 174
Black River Group 1428 1418 1428 1436
-554 ] -565% -570 564
383 &£01 380 407
Welis Creel 1804 1820 1805 ' 1837
Formetion -837 968 -850 -9865
12 30 10 18
Knox Dolomite 1821 1850 : 1818 1885
-048 -296 -260 -883
8508 588 808 BE75
Eau Claire 2430 24718 2422 2430
Formauon -1568 -1554 1571 1558
380 382 282 383
Mit. Sirmon z2810 2800 2803 2813
Sandstone -j1838 15846 -1847 -15841
344 337 340
Precambrian DInNP* 3144 3140 3153
{iddle Run -22580 ~2284 L2281
Formarion)
Total Depth 3133 3772 31865 3408
« Mpasured depth o top of Lt with respect 10 KB T NA = 0ot available.
¢ gubses depth 1o Top of unit. = P = did not penetrate.

= Thickness of unit.



Struciigrg tombuft
mothed Bk OO
datum piher then
Tranton

DR A
O

PLATHFORR

Com ™

S lruEtur G COTHOUTE)

' i thig aree on v,
—. Satum gyt (hab
."\'Emmrm "

- . - 309 o

FIGURE 4-1

GENERALIZED, REGIONAL STRUCTURE CONTOUR MAP
DRAWN ON TOP OF THE TRERTON LIMESTONE
(Modified from Cohee; 1962 Paramo, 2002}
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“Grenville Province

Granite -~ Rhyolite Province
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Map showing Granite - Rhyolite Province, East Conlinent Rift Basin,
Grenville Provinge, and major Precambrian siructural features
gefined by gaopotenial and seismic reflection data.
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FIGURE 4-2

Akron Magneiic Boundary
Sensca Anomaly

Coshocton Zone

Fort Wayne RIift
Southwestern Ohic Anomaly
Grenvilie Front Tecionic Zone

REGIONAL PRECAMBRIAN GEOLOGY

ODNR, ODGS MAP PG-23

(Baranoski, 2002)
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LOCAL STRUCTURE MAP - TOP OF MT. SIMON SANDSTORNE
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LOCAL STRUCTURE WMAP - TOP OF EAU CLAIRE FORMATION
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LOCAL STRUCTURE MAP - TOP OF KNOX DOLOMITE
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EORMATION TESTING PROGRAM
Gensral Comments Regarding Updates for the Renewal Application

The conclusions of this section remain basically unchanged from the October 2004 UiC
permit renewal submitial. This section has been updaied, as appropriate, hased on
published literature, site operating history, test results, and data analysis conducied in
regards to the INECS injection wall activities between September, 2004 and April, 2010.

INEOS ran an exiensive suite of logs on WDW No. 4 10 sstablish accurate baseline data to
compare future measurements. The complete fist of open and cased hole logs conducted
on WDW No. 4 are summarized in Table 8-1. Table 8-2 summarizes the geophysicai
open hole logs run in WDW No. 4 and the function of the log. Table 8-3 presents the

cased hole logs run on WDW No. 4 and Table 8-4 through 87 is & summary of key logs

available for WDW No. 1, WDW No. 2, and WDW No. 3, and WDW No. 4.

The deviation surveys conducted during driling of WDW No. 4 are summarized below:

DATE DEFPTH () DEVIATION DEG,
313181 208 Ve
3/13/81 400 Yo
311991 711 1
3/29/91 1,200 1 Vi
4112191 1,577 Va
424191 2,173 e
5/5/91 2,676 Vs
7118/91 3,408 Y%

These deviation surveys confirm that the hole drilled for WDW No. 4 is very nearly vertical
a5 would be expected from a hole which was fully cored. The deviation survey
measurements were confirmed by the downhole core orientation tools run during the
deeper coring activities.

g-1



The surfacs casing logs run on WDW No. 4 are summarized below:
Original Core Hole (8% in.) Depth: 710 ft KB
Final Entarged Hole (20 in.) Depth: 720 ft KB
Surface Casing: 16 in. 65.0 b/t H-40 Rangs 38TC

Open Hole Logs (3/15-3/16/21) - Schiumberger
Compensated Neutron/Litho - Densifty/GR

Dual induction/SFL/GR

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 hols logs are described in Appendix 8-6 of this application and have been
submitied to the OEPA in past correspondence.

The geophysical logs run on the intermediate and Jong siring casing In WDW No. 4 ars
summarized below. These logs have been submitted o the OEP
correspondence.

A in past

intermediate String Casing Logs

Original Core Hole (832 in.) Depth: 26878 L KB

Final Enlarged Hole (14-3/4 in) Depth: 2676t KB

intermediate String Casing: 58 joints 10-3/4-in. 51 b/t L-80 Range 3 8T&C
6 joints 10-3/4-in. 40.5 it J-55 Range 3 ST&C

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

Phasor Induction/GR

Natural Gamma Ray/Spacirometry

Array Sonic/STC/GR

Variabie Density Log

Formation Micro-Scannef

Fracture identification Log



Open Hole Logs (8/11/91) - Atlas

CBIL/GR (Circumference Borshole Image Log)
Cased Hole Logs {6/2/81) - Atlas

Cemeant Bond Log/VDL

Cased Hole Logs (6/19/81 - 6/20/81) - 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)

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

Long String Gasing Logs

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

Final Enlarged Hole (8% in.) Depth 3160 ft KB

Long String Casing: 7 in. 23 Ib/ft N-80 Range 3 L7C

Opsn Hole Logs (8/19-6/20/81) - Schiumberger
Compensated Neutron/Litho - Density/GR

Dua! Laterolog/MSFLIGR

Phasor induction/GR

Netural Gammea Ray Spectrometry

Array Sonic/STC/GR

Variable Density Log

Open Hole Logs (6/28/91) - Alias

CBILGR (Circumference Borehole image Log)
Cased Hole Logs (7/23 - 7/124/81) - Schlumberger
Cament Bond Log/VDL

Cement Evaluation Tool

Cement Scan Log

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

Fiow Spinner L.og
Production Temperature Log
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INEOS conducted the inifial mechanical infegrity testing for WDW No. 4 from September
15 through Oclober 26, 1982, The guidelines used iniftally by INECS for mechanical
integrity testing are summarized in Appendix 8-1 of this application. The daiz and resulis
from this testing are included in Appendix 8-5. The data and results contained in Appendix
8-5 demonstrated that there was no fluid channeling behind the casing and that the
injected fluid was entering the injection interval as designed. That data demonstrated the
initial mechanical integrity for WDW No. 4. Mechanical Integrity demonstrations have
been conducied on WDW No. 4 each 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 to obtain site-
specific datz for the INEOS site. Over 2,250 ft of 4-in. core was obtained and submitied to
g variety of {esting including air permeability and porosity, liquid permeability and porosity,
and elecirical property tests.

Formation fluid sampling was conducted by drill stem testing 18 zones in the Lima
Stratigraphic Test Well. Data from 11 of the DSTs were of sufficient quality 1o be analyzed
{o determine reservoir properties. BP Exploration (BPX) also analyzed DS7s. The BPX
analyses are considered to be more representative since they incorporated the full fest
history in each analysis, including the swab runs and the volume of fluid produced.

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

From the datz reporied during the drifing of WDW No. 1 in 1968, the most reliabie
measurements indicate a value of 1,050 psia at 2,783 ft KB is a reasonable estimate for
the original Mt Simon Sandstone boitom hole pressure (BHP) (0.38 psifft surface
gradient). The original surface gradient at the Lima Stratigraphic Test Well (WDW No. 4)
during the driling in 1991 was 046 psi/ft, representing a net pressure increase of
approximately 230 psi at this jocation due 1o injection aclivities.

Fluid temperature, pH, conductivity, and pressure data were coliected during the DST
testing discussed above. The static fluid level of the injection zone can be calculatad from
the pressure data collected from the DSTs. The pressure datz are more accuraie than
static fiuid level measuremenis. Two formation fluid samples were taken which were
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believed to represent native it. Simon connate water one on February 25, 1988 and one
from DST No. § from the Lima Siratigraphic Test Well (WDW No. 4). The analysis of the
Fabruary 25, 1968 sample is suspect dus to several contradictions in the parameters, and
it is bafieved that this was a contaminated sample. Due 10 the absence of any guaniifiable
organic analyiical parameters, the sample coliected during DST No. © is believed o be an
uncontaminated Mi. Simon connate water sample. The data from these two analyses are
‘presented in Table 8-8. The spacific gravity of fiuid taken from DST No. 9 is plotied with
respect io other Mt. Simon tormation fluid analyses in Figure 8-1.

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

Except during stimulation, the owner or operator of a Class | injection well shall assure
that injection pressure at the wellhead does not exceed a maximum which shall be
calculated so as to ensure that the pressure in the injection zone during injection does
not initiate new fractures or propagate existing fractures in the injection zone. The
owner or operator shall operate a Class [ injection well such that the injection pressure
does not initiate fractures or propagate existing fractures in the confining zohe, OF cause
the movement of injection or formation fluids into a USDW.

A waristy of {este ware conductad in the Lima Stratigraphic Test Well to heip in determining
the fracture characieristics of the injection and confining zone. The stress profile has been
determined from micro-frac siress tests in the iniection and Confining Zones and from an
analysis of unisxial strain core tests, Other data have come from an analysis of
geophysical jogs and from tensile fracturing of the wellbore. Other informafion on fracture
pressure has come from an analysis of fracture treatments in WDW No. 1 and 2 and of
various step rate tests in these wells and WDW No. 3. Analysis of these data was used 0
define a safe maximum operating pressure for these injection wells. This analysis
determined that ths previously (pre-1992 permits fo operate) permitted maximun
operating pressure of 844 psig meets the requirements of Rule 3745-34-55(A) of the Ohio
Administrative Code, An analysis of the historic injectivity performance of the exisiing
injection wells at pressures ot and above this value of WHP, confirm that al this pressure
tractures are neither initiated or propagaied, indeed this analysis indicates that the
injection performance of these wells at these pressures is dominated by formation
plugging.  This information was presenied in Appendices 51 82 and 84 of this
document. USEPA determined that the data demonstrated that historic injection
pressures have not initiated nor propagated fractures in the injection rone. The USEPA
made 2 final decision to grant INEOS an exemption from ¢he land disposal restrictions of
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the Hazardous and Solid Waste Amendments of 1984 (HSWA) regarding the injection of
hazardous wastes on May 7, 1992 (Federal Register Vol. 57, No. 105, page 23084). This
decision determined that INECS had demonsirated to 2 reasonable degree of certainty
that thers will be no migration of hazardous constituents from the injection zone for as jong
as the waste remains hazardous.

Eracture initiation data have come from breakdown pressures from the micro-frac tests in
the Lima Stratigraphic Test Well (WDW No. 4), and from fracture freatments in WDWs No.
4 and 2. These data are summarized in Table 8-9. Injection at surface pressures less
than 990 pst will ensure that new fractures are not initiated 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 info a
restricted, packed off interval. As a result, pressure data which may appear ic indicate
fracture extension may actually be a result of flow through a fracture around the packsrs
and into the wellbore. The pressure rise in the upper and lower guard intervals of the
packer assembly indicate that this is the case. The apparent fracture extension pressures
from these tests do, however, indicate lower bounds for these values which may be used
to verify ihe propagation pressures obtained from other sources.

Date on fracture extension pressuras in the Mt Simon can be estimated from the resuits of
the mini-frac tests performed on WDW No.1 and No. 2 prior to the hydraulic fracture
stimuiations performed in 1988. The results from these tests will be estimates, since these
mini-fracs were performed with gelied fluid rather than water, and since wellbore exiension
oressures will vary with the size of the fraciure and the degree of fraciurs plugging. Since
friction pressure drop will increase with fracture Jength, and since fracture fip plugging by
anirained solids will increase propagation pressures, the wellbore pressures estimated
from these mini-fracs are likely {o be lower bounds.

The pressure-flow rate history during the mini-frac on WDW No. 1 is shown in Figure 8-2.
Continued pumping at rates above 9 bpm requires a WHP of greater than 1015 psi. For a
depth of 2800 feet and a fluid specific gravity of 0,442 psifft, this corresponds to a BHP of
2250 psi, or 2220 psi if a friction pressure drop of 30 psiis assumed. This corresponds 1o
a pressure gradient of 0.783 psi/fft. 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. At these flow
rates the pipe friction pressure drop will be about 200 psi (Haliiburion Services Data).
Allowing for this, and the hydrostatic head of 1235 psi, gives a BHP of 2085 psi at 2800
feet, or 0.745 psifit.



These data together with jower bouna micro-frac data are summarized in Table 8-10. itis
apparent that the lower bound extension prassure corresponds o 0.745 psifft., or & BHP of
2085 psi at 2800 feet. For a 0.442 osift. fiuid column and a 30 psi pressure drop (Table 8-
13) this corresponds to a WHP of 880 psi. A more reasonable estimaie is probably the
average valus from the mini-iracs of 0.768 psifft. This corresponds to a BHP of 2155 psi
at 2800 fest, or 2 WHP of 850 psi.

These data are confirmed by information on the injection history of WDW No. 1, No. 2 ang
No. 3 and by modeling of the injection response. it is apparent that despite injection into
shese wells at surface pressures up to and above the current maximum permitied wellhsad
pressure of 844 psi, No fracture exiension has occurred, as discussed in more detall iater
in this section. This is true even after the hydraulic fraciure stimulations of these wells in
mid-1988. These fracture stimulations gave either no, or a minor increase in infectivity,
and any increase was quickly negated by formation plugging. Miodeling of injection into 2
300 # fracture at 204 gpm indicates that the pressure buildup due to injection at the
prescribed rates is insufficient to maintain a 300 # fracture length, ana fracture shrinkags
actually can occur. ' |

Closure pressures have been determined from data from WDW No. 4. Relevant data from
this well are given in Table 8-11. Ralevant data from this well are given in Table 812,
including information from the minifrac ireatments in WDWs No. 1 and No. 2. From this
data, 2 conservative estimate of tha in-situ stress gradient in the injection interval of 0.63
osifft can be mads, corresponding o an eguivalent WHP of 685 psi at 2.800 ft or 770 psl
at 3,105 ft.

The various data for closure, propagation, and wreakdown are summarized in Figure 8-4,
and Table 8-14 fogether with gradients for these parameters based on average data for
the microfracture and minifrac tests. Based upon these data, and the reqguirement that
new fractures shouid not be initiated nor existing fractures propagated, a maximum
nermissible WHP of 844 pst was established. The BHP line for this WHP, calculaied for 2
minimum fluid pressure gradient of 0.438 osifft, an average fluid pressure gradient of
0.444 psifft and a maximum fluid pressure gradient of 0.455 psifit., and neglecting friction,
are also included in Figure 8-4.

Table 8-14 gives the BHF's for a maximurm WHP of 844 psi over the expected range of

injectate specific gravity of 1.010 - 10.50. The BHP is calculated without any aliowance for
friction at depths corresponding to the approximate depths to the boitoms of the casing in
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WDWY No. 1. WDW No. 2, WDW No. 3 and WDW No. 4 and is compared to ihe estimated
minimum vaiues of closure, propagation, and initiation pressures at those depths. These
values indicate that the proposed meximum permitted operafing pressure meets the
requirements of Rule 3745-34-56(A) of the Ohio Adminietrative Code, since it is based on
site specific data and s

e 2t lsest 302 psi and probably 332 psi befow the WHP which would be
estimated (conservatively) to initiate new fractures;
« atleast 37 psi and probably 87 psi below the WHP which would be estimated
(conservatively) to propagate existing fracturas.
Table 8-14 also shows ihe calculated BHP range, neglecting friction, for a depth of 2640
fest corresponding o the top of the passive injection interval as defined in the No-
Migration Petition. The BHP's at this depth are significantly overestimated since fluid st
ihis level will have experienced a significani pressure drop in flowing through any
permeable pathway. Nevertheless, even this highly conservative estimate of BHP only
excesds the estimaied minimum propagation pressure by 15 osi for the case with
maximum injectate specific gravity. I friction is accouried for even this highly
overestimated pressure ai 2640 feet will not exceed the minimum estimated propagation
prassure,
An aaditional safety margin is provided in the way INECS operaiss the injection activities
io ansure that ihe maximum permitted welihead pressure is not exceaded, The current
system operating parameters are as Toliows:

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

These operating requirements provide an additional margin of safety between 17 and 30
psi under the permitted maximum wellhead pressure. These contro! and alarm set poinis
are not intended io be incorporated as permit conditions and INEOS requests the flexibility
to adjust these control and aiarm set points as required, based on the facility's operating
experiance, to ensure refiable equipment operations.

The permitted maximum YWHP exceeds the estimated closure pressurs by 70 psi at 3,150
o 158 psi at 2,800 fest. Data from the horshole televiewer log run in WDW No. 2 in 1988
immediately after the fracture treatment indicated that there were no vertical fractures
above 2,903 feet. Vertical iractures are seen from the bottom of the logged interval (3,062
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~ feef) up to 2,803 fest. At this depih the proposed WHP exceeds the conservative closure
pressure by 132 psi. '

INEOS acknowledges that closure pressure may be a reasonably conssrvative pressure
for new operation with little experience or data 10 hase operafing pressure on. However,
given the 28 years of experience in operating this field, including data on the behavior of
planned stimuiations, the high quaiity of data from the Lima Stratigraphic Test Wel, and
the demonstration of containment presenied in the No Migration Demonstration submittal,
INEOS believes that for this site such a limitation is unwarranted {o assure that & fracture
is not initiated or propagated in the injection zone. An abundance of data has been
presented at the Lima site, the most imporiani of which is the demonstration of
containment over the 20 plus years of operating experience al this site.

This experience can be analyzed in terms of the daily injectivity index and the cumulative
injection performance of WDW No. 1, WDW No. 2, and WDW No. 3. Neither of these
analyses indicates any increase in performance which could be related io fracture
propagation even after the hydraulic fracture treatments in mid 1888, On the contrary, the
acords indicate 2 raduction of performance attributable 10 formation damage, at injection
pressure levels at and above the current maximum operaiing pressure. The injection
history for INECS Lima injection wells is containad in Appendix 2A-3. The tabulation of
the data usad in the Hall plots is contained in Appendix 8-3.

Figures 8-5 t'iﬁrough 8-7 show the injectivity index for the three injection wells. This index
is caloulated as the averags injection rate divided by the average WHP. it is controlied by
the permeability x thickness (kh) product of the formation, and the skin. Any increase in
kh, or reduction in skin, which would occur it fractures were being propagated, would be
seen as an increase in injectivity. WDW No. 1 (Figure &-5) shows & gradual decrease in
the index from October 1988 to April, 1881, At this fime, ihe well was cleanad up using a
chemical treatment leading to an immediate increase in injectivity index. Since that time
the index has decreased to close fo the historic values. WDW No. 2 (Figure 8-8) shows
an essentially constant index as does WDW No. 3 (Figure 8-7) up to mid 1981, Since that
time, however, WDW No. 3 shows a reducing injectivity. Nofe that thess decreases in
injectivity are occurring at wellhead pressures up to and above 800 psi.

These historic injection data can also be analyzed using the series of steady staie analysis
technique devised by Halt (1983). The analysis is based on the steady flow relationship:
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This analysis fool s routinsly smployed by oil fisld water-flood operations as the primary
control ool {0 determine that an active operating injection well is not propagating a
fraciure. This method is preferred for water-flood conirol, where close control to avoid
fracturing is critical, because it is viewed as the best indication of fracture propagation. A
propagating fracture will lead to an increasing negative skin. For example, an infinitaly
conductive fracture growing from a jength of 7.8 feet to 150 feat over one ysar (0.39
fest/day) will isad to & skin change srom -3 {0 -6. The effect of this on a Hall plot is shown
in Figure 8-8. Conversely, a positive increase in skin dus to formation damage will show
as an increase in slope. '

Figures 8-8 through 8-11 show the Hall plots for the thres injection wells for data from
1968 through Juns, 1892. The Hall piof trends for alf wells (Figures 8-8 to 8-11) show
earty constant stopes, then 2 general increase In siope due 10 formation damage. Clean
up of WDW No.1 in 1874, 1981, and 1991 and of WDW No.2 and No.3 in 1987 and 1800
shows some improvement in injectivity, but this improvement is soon lost o additional
formiation damage. The intentional hydraulic fracturing stimulations in all walls in 1988 has
an insignificant effect on injectivity. Sirnitar trends are seen in the injectivity index plots in
Figures 8-5 fo B-7. There ars no indications in any of these plots of the increasingly
negative skin which would be sssociated with fracture propagation. !t should also be
noted that the injsctivity of ali of these wells indicates 2 lower kh and a more positive skin
than found in the Lima Sirafigraphic Test Well.  This is characieristic of injection wells
dominaied by formation damage hot by propagation of fractures.

Additional support for the lack of fracture propagation at hisioric injection pressures comas
from the various fransient fall-off and step rate tesis performed on the site injection wells in
1088 and 1991. The analysis of the transient pressure falioff tests in WDW No. 4 have
consisiently shown & skin on the order of -4, which is atiributed to the pressure sensitive
permeabiiity of the main injection horizon. ‘Note that this result comes from the falioff

portion of the festing during which any injection induced fractures will close and not be
reflected in the analysis.

The step rate test for this well (Figure &-12) show a curve which has been analyzed 2s
being a result of a pressure sensitive permeability in the predominant injection zone (2,970
- 3,020 feet). This conclusion was raached for a variety of reasons. Of note here are that
the pressures in the step rate test were well below the measured closure siress. The
negative skin in this well is therefore a direct expression of the nature of the injection
horizon and is not related fo any propagation of fractures during the injection into this weli.
The step rate fest for WDW No. 2 and 3 show a very simitar form to that for the
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stratigraphic test well, with simitar final slopes at higher pressures (indicating similar kh),
although the curves are displaced upwards due 1o the sffects of 2 reduced permeability
zone around the welibore.

The phenomena of pressure sensitive permeability permits the continued injection through
this damaged welibore radius. This phenomena is distinguishable from the propagation of
fractures and has been demonsirated at Lima through both fundamental core iesting and
well fransient testing. A conclusion from this observation is that there are no indications of
seactures in the results for WDW No. 2 and 3, even though these wells were hydraulically
fractured in 1088, WDW No. 1 shows auite diesimilar behavior, primarily because injaction
here is predominately into a different zone. However, there are again no indications of
sractures in these tests. These points are discussad in more detail in Appendix 8-2.

Update on Lima Site Well Performance and Operating Pressure lssues

Table 5-3 sumwmnarizes the resulis of ali of the historic pressure falloff tests conducied with
the Lima injection wells since the No-iigration Demonstration. The overall review of the
table of well test summaries indicates that the native in-sttu formation permeabifity within
the Timited welibore region invesfigated by these tests is on the order of 35 md. This vaiue
for average Mt. Simon permeability is consistent with the core data obtained from the Lima
Stratigraphic Test Well Project, considering he extent of pluggage experienced in that
ragion from the historic injection activities. Wnen considering the effects of the historic
inlectivity on the near wellbore regions, the results of the analysis of this extensive data
indicates & wellbore region formation parmeability thickness product of 12,500 md-it (35
md permeability). This value is refiectad in the outer ring permeabilities from the WDV
No. 4 iests and the calculated permeabilities from the historic injsction welis following
sormation clean-up programs. The results from the analyses of the historic site injection
well tesis reflect the level of near wellbore pluggage and resultant loss of permeability near
wellbore for the existing three injection wells and the counter-balancing effects of the
formation clean-up programs. The latest resulis indicate that INEOS has been successful
in kesping the site injection wells close to their base capabilities through the ongoing
clean-up programs basaed on a review of ihe calculated inner ring permeabilities. The
comparisons of these iests confirm the general observation, though, that the Lima injection

wells are experiencing progressive formation pluggage which Is apparently confinuing over
time.

Two other important observations can be made from this data. The first regards the
nerformance of plant injection well WDW No. 1, By 1990, this historic injection weli had a
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capabiiity of approximately 75 gpm at & wellhead pressure of greater than 800 psig.
Following a series of chemical clean-up activities to remove fhe 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 wellhead pressure,
more than was previousty thought possible baged on the injection step rate tests
conducted in 1988, With the improvements 1 the flkers but less frequent clean-up
treatments the effective capacity of these injection wells has not decreased significantly
over the past five year penod.

The other data submiited o the Ohio EPA during the period following the previous
submittal of the UIC permits 1o opsrate spplication was the conducting and detailed
avajuation of a significant number of temperature logs run on all four INEOS injection
wells, The method by which INECS conducts these {emperature logs provides a good
opportunity to invesfigate for seacture flow and vertical migration of injecied fluids. The
evaluations of all of these temperature fogs show no indication of vertical migration of .
fluids from the injection zones. INEOS engaged Dr. Richard M. MicKinley, a private
consukiant, fo interpret the subject jogging program. D, McKinley is a consuliant
specializing in the tschnology associaied with production jogging operations and
interpretations. He refired as a Research Advisor from Exxon Produciion Research
Company at the end of 1983 after more than 30 ysars in e oll and gas indusay which
wes davoied to formation evaluation in gensrai and o preduction logging in particuiar.

Or. MecKiniey's undergraduate and graduate work was interspersed with periods of
emplioyment with the formes Humbie Qi and Refining Company. Hs obtained 2 BS in
Chemical Engineering from the University of Atabama in 1855 and a Ph.D. in Chemical
Engineering from Purdue University in 1961, From that time through 1984 he was on the
sioff of the Machanical Enginesring Depariment at Purdue University. Hs then returned as
= permanent staff member of Exxon's production logging department. When Esso ceased
all logging operations of its own in the early 1970's, Dr. McKinley organized the company
fraining course on produciion log interpretation. This course remains one of the highest
raied schools in the company's iraining program. Dr. McKinley aiso authorad the
company manual on production jogging.

With Dr. McKinley potentialty refiring, INEOS has not contracted 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
1o be very similar in the described conclusions.
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The conclusion from these analyses is that none of the injection wells show any indication
ihat fractures are being initiated or propogaied during several ysars of injection at well
head pressures up o and exceeding the proposed maximum permitied operating
pressures. On the contrary, these wells show all indications of being un-fractured injectors
with progressive formation plugging and damage, despite the fact that all of the wells were
stimulated with propped hydraufic fractures in 1988.

Based on the large amount of data gathered and analyzed at the INEQOS Lima site, a
perm%ttéd maximum wellhead pressure of 844 psi will provide the required assurance that
the injection pressure will not initiate or propagate fractures in the injaction zone. The
calculation supporting a permitted maximum wellhead pressure of 844 psi is contained in
Table 8-14. In addition, due $o the nature of the arrestment and confining units at the site
and the presence of muitiple bieed-off zones betwsen the maximum vertical extent of
injected migration and the lowermest USDW, protection of human health and the
environment has been clearly essured at the INEOS sits.

Appendix 8-2 contains the January 28, 1992 letter to USEPA which proviged a summary
of the relevant data which demonstrates that 2 maximum permitiad wellhead pressure of
844 psig will not initiate nor propagate fractures in the injection zone. Appendix 8-3
contains the input data for the Hall plots. Appendix 8-4 contains the suppiemenial
submissions o USEPA demonsirating that the historic operating pressures at 844 psig
and higher had not initiated nor propagated fractures in the injection zone.

in summary, INEOS performed & detailed analysis of the maximum permitied wellhead
injection pressure as part of the No Migration Demonsiration process (ses Appendix 5-1)
approved by the USEPA in 1982 and reviewed and approved as part of the iast Ohic EPA
permit application process. No additional data has been devalopsd during the last 10

ears of plant operations and data collection that changes any of the analysis presented in
the No Migration Demonsiration nor the tast permit application. in fact, the continued site
specific data has confirmed those analysis. Therefore, INEOS reguests no change fo the
maximum permit allowable wellhsad injection pressures as lisied 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 specific gravity of 1.040 or jess. These maximum
wellhead injection pressures are adjusted downward zs the injectate
specific gravity increases above 1.040.

An extensive analysis has been made of core from the Lima Stratigraphic Test Well (WDW
No. 4). Thase include permeabiiity and porosity determinations (Section 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 Section 4.2.2.1.

These fiuid characteristics have been defermined on samples taken in the D&Ts run in the
Lima Stratigraphic Test Weli (WDW No. 4}, Samples from DSTs 7, 8, 8, 10, 11 and 13
have given the fluid characteristics from the injection interval (Section 5). The sample
fom DST § is believed to represent Mt Simon connaie waier. Sampies from DETs 14
and 15 have given data on the formation fluids from the lower Eau Claire (passive efiective
injaction interval). Sampies from DSTs 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 Stratigraphic Test Well { WDW No. 4) from
Aprit to July, 1981, These tests have heen used to define the permeabiiity-thickness
oroduct, initial reservolr pressure and porosity of the injection and confining zones, and of
the overlying sirata. These tests are summarized in Section 5. '

Thirteen injection/fall-off tests were run in the Lima Stratigraphic Test Well (WDW No. 4) in
May and June, 181, The results of these tests were difficult fo interprat due to packer by-
pass, and little reiiance is placed on these data. These issts ars discussed further in
Section 6.

From September 1o November, 1291 a series of siep rate injection tests were conducted in
the Lima Stratigraphic Test Well (WDW No. 4) open hole interval (2885 to 3408 ft KB). The
results from these tests helpad to confirm the injection characteristics of the injection zone.
In particutar they confirmed that most injection oceurs in the high permeability zone around
3000 ft, that this zone exhibits strong pressure sensitivity of permeability, and that fracture
propagation does not occur at the injection pressures used.

To quantify the magnitude of the observed pressure sensitive permeabiiity, each step of

the September through November, 1991 injection tests have been analyzed 0 determing
an estimated permeability using the BP reservoir modelfwell test analysis PIE program.
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For consistency, all steps were analyzed using & homogeneous reservoir model. The
results of the analyses are summarized in Table 8-15.

These data show 2 general downward trend in skin values and increase in permaability as
the test sequence progresses indicating injection interval clean-up. Thus the first 4 bpm
test showad an estimated permeability of 27 md, the second 4 bpm fest had an estimated
permeabiiity of 48 md, the third 4 bpm fest 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 Oclober test sequence.

The resuits for each fiow rate were also analyzed using the equilibrium flow eguation and
the pressures at the end of each injection step. While not sirictly applicable because of
the superimposed effects of the eartier flow rates, this analysis will give permeabiiities
indicative of the change in permeability with pressure. This analysis is presented in the
foliowing table.

1412 ’ 440)(0.99)(7.5
w142, (141.2)(Q)(1440)0 N3 _ 30 2
A pH (APY(250) AP

Both sats of values are graphed in Figure 8-13 (Estimated Permeability Versus injection
Rate). Figure 814 is a graph of permeability versus bottom hole pressure. From these
figures, an estimate of the magnitude of the pressure sensitive permeability is obtained.
The most meaningful estimate is obtained from the graph of permeability versus botiom
hole pressure. In this plot a disiinction was made betwaen the estimates from the first 4
rate steps and the estimates from the last seven rate steps. This distinciion clearly shows
" the impact of the progressive wall clean-up with the continued injection of clean, filtered
39 NaCt brine. A similar trand is observed with both the estimates from the sisady staie
squation and from the reservoir model.  Using the last seven steps, an estimate of the
magnitude of the pressure sensifive permeability was obtained from the slope of the lines.
Siritar slopes weare obtained from both data sets. The estimate of the magnitude of the
pressure sensitive permeability is 14 D/ 100 psi.

in August 1921 2 puise (interference) test was run, with WDW No. 2 used as the pulsing
wel, and WDW No. 1 and 4 as observation welis. The results of this test were used o
define the giobal injection interval transmissivity, storativity and diffusivity, and formed the
masis for calibration of the flow model.

8-15
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8.0 INJECTION ARD CONFINING ZONE GEOHYDROLOGIC PROPERTIES

This section describes the gechydrologic testing program. The primary purpose of
¢his section is to present the geohydrologic data that have been collected within

e  emen A "
the injection interval, the arrestment strata, and confining zone. These data will be

used as input to the waste transport modsaling as discussed in Section 8.

This section is divided into five major subsections. Subsection 8.1 is an
introductory section that briefly defines the scope of the testing program.
Subsections 6.2, 6.3 and 6.4 gescribe the core testing, spinner SUrvVeys, ang well
tegting programs, respectively. Subsection 5.5 concludes this section with
summary of the data results in terms of the injection interval, arrestment strata,

~and the confining zone.
.1 Introduction

A variety of tesis were performed by BPCL to getermins the geohydraiogic
nroperties of the injection interval, the arrestment strata, and the confining zone.
The testing program included physical property tests on core, spinnar surveys, and
hydrologic testing of the walls. As part of this program, over 250 core samples
from the stratigraphic test well were tected to determine the permeability, poresity,
tortuasity, grain density, and sarmation/cementation factors of the formations. A
cOntinUOUS SPINNer survey was run in WDW No. 1, WDW No., 2, WDW No. 3, and
the stratigraphic test well. Sixteen drill stem tests and 13 injection/falicff tests
were perforrﬁed in the sfcra‘t?graphic rest well, Within WDW No. 1, a siep-rate
injection/falioff test was conducted. tn addition, a2 pui‘se tast was run using WDW
WNo. 2 as the injector and using WDW No. 1 and the stratigraphic test well as the
responder wells. In addition, an injection/falioff test was run in the stratigraphic
tés*t well compietion interval. The following subsections describe the details of this

festing program.
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8.2 Core Testing

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

dgeztall below.

£.2.9 Gas Permeabiiity and Porosity Testing of Whole Cores and Plugs

Gas permeability and porosity tests were conducted on cores and plugs from the
canﬁn%ng, arrestment, and injection zones to determine the variabllity in the relative
magnitudes of the permeability and porosity vaiues throughout the section. Over
130 norizonta! plugs were tested 10 provide a statistically sepresentative sample of
the permeab%iiw and porosity vaiues‘ of each rone. Whole core sampies were
tastad to determine vertical and horizontal permeability values for the tight zones,

snd the vertical and horizontal permeability anisctropy of the potential thief zones.

Sample locations were selected at the well site by the site geologist. Locations
were selected according to how accurately they represented the observed rock
type. The testing locations are listed in Table 8-1, which, because of its length, s
located at the end of Section 6.

52.1.1 Test Descrintion of Permeabiiity Testing

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

the calculated values and raw dats are stered on the fixed disk.
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The pulse decay technique was uses 1o test the samples that were in the nano-
Darcy to microlarcy rangs; the steady-state method was used for samples above
0.3 mD [Hseih, et al., 1980). To initiate the tests, all samples were instalied into

an impermeable sieeve and sealed with the end caps connected 10 the pore

-y

aressure tubing. The sampia asgembly was loaded into the pressure segsel, AR
initial confining pressure of 500 psi was applied to the sample to check for s?s@am
leaks. The pore pressure was then applied and the confining pressure siowly
increased to the pressure required o provide a net eﬁ‘astivé stress egual io the
overburdan stress. The designated overburden stress was calculzted from the

stress gradient of 0.65 psi/ft provided by BPCL

Permeability values were determined using a modifiec 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 made, g Klinkenberg
correction for gas siippage was used. All the radial permesabiiity values were

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

8.2.1.2 Test Descrintion of Porgsity Testing

Porosity measuremenits were made using Boyle's Law Double Cell Method as
“described in standard testing procedure APl BP 40 (American Petroleum institute,
1960). in this method, the grain volume of the sample is measured in 8
porasimeter which is an apparatus consisting of two connected chambers. The
core sample is placed in one chamber and the gas pressure is adjusted to the
required vaiue, The gas in the second chamber is adjusted to some gifferent
known pressure. The pressure is egualized and measured. From these data and
Boyle's Law (PV =C), the volume occupied by the grains is caiculated. in addition,
the bulk veolume of the sample is measured using calipers. The porosity is then

caloulated by subtracting the grain volume from the bulk volume.

Both ambient and overburden porosity measurements were made. The overburden
pOroSitY Measurements were run by artaching the porosimeter maznifold to the pore

pressure ports in piace on the permeameter manifold. The overburden porosity
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was then maasured using modification B to the Boyle's law double cell method as
gescribed in AP RF 40 (AP, 1880). The ambient DOresity Measurements weare
made by placing the sample in & matrix cup and following the standard APl RF 40
procedure. When hath ambient and overburden pressure tests wers run on the
carne core sample, the ambient tests were completed before the overburden tests

were performed.

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

BPCI Work Plan and Quality Assurance Document.

6.2.1.3 Test Results

A compiete list of the data resuite from the plug permeability and porosity tests are
listed by descending depth in Table -2, which is located at the end of this section
due to its length. Physical characteristics of the mlug that mav have affected the
results are noted with the reported value and described at the bottom of the table,
Borosity values less than 0.1 percent are reported as 0.1 percent with the "<F
tiess than) symbol to the right. Steady-state derive& data is reported in integer
sormat. Pulse-gecay derived data is reported in decimal 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 ars noted with the letters Am of the word Ambient to the

right of the reported value In Table 6-2, the summary of the plug permeabiiity and

pOrosity measurements from the stratigraphic test well.
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Table §-2. Comparison of Ambient permeabiiity and Porosity Measurements

2849-2850 16.4 20 3.28 &.1
2810-2911 /A 4.8 0.08 <0.1
2859-2980 12.3 19.8 | - 348 120
2888-2880 13.4 12.8 30 45
3008-3010 16.8 12.8 412 75
3070-3072 18.0 10.5 25 26
3090-3081 13.8 22.2 154 . 8BS

Table B8-4 compares the core measurements (permeability and porosity} from 1968
$rom the Lima WDW No, 1 well measured at ambient conditicns, with the core
measuremants from the stratigraphic test well which were maasured at overburden
conditions. Depth corrections were made 1o the WDW No. 1 data for stratigraphic
comparison of beds with the data from the stratigraphic test well. This
comparison iliustrates & combination of slight differences in the cotrelation of the
lithologic streaks and the difference between ambient and overburden
measurements. A detailed review of the cores from Lima WDW No. 1 and the
stratigraphic test well wére made by the site geologist. All features were found 0
be corralatable between these two sets of cores within + 15 ft. Therefore, it is
believed that Table 6-4 can be ussed {é-provide a good indication of the effect of

overburden versus ambient measurements for those various beds.

Table 6-5 shows a diract comparison of permeabiiity and poresity measurements
from selected cores from the Lima s’tratlgraphic test well measured at both ambient
and overburden conditions. This data is plotted for permeability mea:u;@ments in
Figure 8-1 and porosities in Figure 8.2, The results show that the impact of
ambient versus overburden measuremants is directly dependent upon the

~ petrographic nature of the sample being measured.
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Tabie 6-4. Comparison of Gas Permeabiiity and Porosity
Results from the Stratigraphic Test Walt and WDW No. 3

2795-2798 6.2 $2.1 0.0823 1.7
280%-2802 3.0 3.9 0.0014 <01
2803-2804 4.2 13.8 0.00138 1.3
2808-2810 7.1 3.6 0.007 <01
2814-2815 5.5 16.8 0.004 142
TEIOIIEE S 5.3 8% T8
2823-2824 2.8 17.6 ' 0.000521 185
2B2B-2828 14.1 0.8 520 z'
2832-2833 20.1 21.5 12 157
2838-283% 15.8 i7.2 NIA 81
BEAL B4R ploN:! T4 57 TES
2848-2850 13.9 20 3,93 &9
2B61-2862 79.8 22.5 57 84
2B85-2888 2.6 18.5 0.008 42
2B88-28290 i6.5 10.2 159 <0.1
JERBIZG0OY FicVi 20 ) 55
2803-2806 18.2 157 &4 11
2910-2891 3.7 4.6 0.002 <0.1
2818-2820 13.7 158 : 54 28
7825-2825 16.7 18,6 31.3 240
isictn ik k MM S, g N 6z _ 9
2834-2835 20.8 11.4 171 <01
2543-2045 14.2 21.3 130 21
2950-2851 15.1 16.1 47 18
205%.2860 10.7 19.8 283 120
JEUEE 2887 0.3 R g —m—— ]
2870-2871 © 950 16.1 148 a5
2974-2875 12.4 15.8 595 114
2878-2980 11.2 14,2 54 _ 8.7
2985-2887 E B.5 18.2 ‘ R/A ' 102
TYEREITEED TR B8 pls] 78
2883-2995 8.0 11.0 0.102 26
3000-3002 10.5 13.5 98 3.2
3005-3006 8.1 15.9 25 27
3008-3010 13.4 2.6 285 75
SHYEEGTE 758 TR FEETTTTTT 568
3020-3022 12.3 V4.4 178 102
3025-3026 12.4 i7.4 168 24
3028-3030 5.6 13 39 15
3048-3050 5.5 14.7 5.01 40
o Rc R To Y- A g P54 g : P\
3070-3072 10.2 105 8.54 28
3085-3088 14.6 17.8 128 670
3090-3081 13.9 2.2 110 865
3088-3100 13.3 17.5 83 83
SHETER s g o i
3110-2111 12.1 13 115 B2
2112-3115 8.6 17.5 0.0614 1462
3115-3117 18.3 17.5 392 142
3123-3125 18.4 13.3 418 1.8
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e

2848.6
2882.4
281G.1

28BE.E
29873

2588.8
2883.8
3008.3

3071.6
3090.2
317138
3137.%
3148.0

18.4
WA
UEN
2.3

13.4
10.4
18.8

13.8

13.5
4.3

8.8

13.8

2.8
5.1

3.28 313
0.00885 0.0128
0.0882 0.00181

348 283
2.2% 1.38
30 20
5.83 0.102
492 285
25 8.54
154 19
0.626 0.0814
1.72 0.00404
18.3 0.0208

100
100
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Figure 6-3 shows a comparison of log 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 provides a continuous record
of the porosity trend that can be used to calculate a reservoir capacity for the

effective injection interval.

A summary of the gas permesability measurements {measured at overburden
conditions) by model layer is presentad in Figure 6-4. The permeah%iitiaa shown in
Figure 6-4 are geometric means due to the large range of permeability vaiues
measured in some of the model lavers. This averaging does not fully reflect the
higher and lower permeasability streaks that are found in some of these model layers.
A summary of the gas porosity measurements (measured at overburden congitions)

are shown by modeal laver in Figure 8-3.

Whole core samples from potential tight zones wers tested for permeability in two
directions, axial {vartical) and radial {(horizonial}. These data are listed by
descending depth order in Table 6-6. The same symbol convention described for
plug test data applies to these data. Some samples had prohibitively long pore
pressure eoquilibration times allowing only an upper limit of the nermaability vaiue (o
be determined under the prescribed test parameaters, Using this upper iimit for
these tight zone permeabilities results in conservetive permeaabliity values for the

arrestment strata (greater vertical transport than actual),

Whole core samples frorm potential thief zones were tested for permsability in the
axial {vertical) direction and radially {horizontally) in four separate directions. These
data are listed in Table 6-7. The same symbol convention as described for whoie
core bi-directional test data applies to this data set. The radial measurements were
made in 45 degree sections spanning the direction noted in the table. The radial

direction numbers noted on the table are degrees ciockwise from trug north.
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Figure 6-3 Comparison of log-calculated porasity measurements to lab-
measured porosities.
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Table 6-6. Whole Core Permeability Data from Tight Z@naé
in Lima Stratigraphic Test Well

1204.5

1387.8

1480.3

2088.7

2283.4

2500.8

2502.5

2554.5

2804,

1

2672.5

2888.8

2732.0

27487

2814.0

3154.4

Axial
Radial
Axial
Radial

Axial
Radial
Aadal
Radial
Axial
Radial
Asal
Radial
Axial
Radial
Axial
Radial
Axiat
Badial
Aoxial
Radial

Axial
Radial

Aoxiat
Radiat

Astial
Radial
Axial
Radiat

Axiai
Radial

Axial
Radial

0.0000868
0.000110

0.000008
0.000422

<0.000237
<{.000138

<0.004880
<0.001330

0.004740
0.007870

£.000234
“0.007080

*0.003860
=0.003160

G.0000%1
“0.000782

<0.000808
< 0.000484

<(0.002720
<0.001640

0.040600
<{.002150

0.082500
0.043000

<(.004820
0.183000

0.0017480
0.131000

0.248000
0.007810

0.028700
NA

< Sample permeabiity 15 iess than reported vaiue
* Bedding plans partings, stress/dehydration cracks

Note: Precision eguals 3 significant digits, traifing

zeros are & format artifact.
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Tabte 6-7. Whole Cors Directional Permeability Data trom Powential Thief Zones

i Lima Stuatipraphic Test Well

itk o

“Direction

‘Permneabiiity 4mD} - .

2230.0

2642.8

2880.7

2780.0

2854 1

Axial
Radial O
Radial 45
Radial 90
Radial 125
Aadal
Radial O
Radial 45
Radgial 80
Radial 135
Axial
Radial O
Radial 45
Radial 80
Radial 135
Axyial
Radial 0
Radial 45
Radial 20
Ragial 125
Axial
Radial 0
Radial 45
Radial 80
Radial 135
xial
Radial O
Radial 45
Radial 20
Radial 135
Axial
Radial O
Radial 45
Radial 80
Radial 135

0.520000
1.270000
2.220000
4.9 30000
3.820000
0.030200
0.021100
0.010200
0.002680
0.000688
502
372
235
277
147
<0.003350
0.030300
0.031200
0.027300
0.028850
<0.005530
0.027600
0.024600
0.022000
0.022000
0.000677
101
44
187
127
0.040900
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"'s'asbﬁe &-7. Whole Core Directional permeabiiity Datz from Potential i Thie! Zones
i Lims Stratgraphic Test Well {continued)

; . i Parmasbiity fmDl
2908.7 Axial 98
Radial O 180
fzdial 45 Z18
Ragizl 80 183
Radial 135 266
28443 Axial 3.82
Radial O - 83
Radial 45 B9
Radiat 90 82
Radial 135 B1
3033.2 Axial 28
Badial O 50
Radial 45 BE
Radial 20 190
Kadial 135 78
3055.6 Axial 0.072800
Radial 0 4.13
Radial 45 2.83
Radial 90 3.20
Radial 135 2.87
3146.0 Axial 0.057300
Badial O 154
Radial 45 131
Radial 80 132
Radial 135 119

'« Sample Parmaability is less than reported value

Note: Precision eguats 3 sigrificant digits, talling zeros are & format
artifact.
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8.2.72 Liouid Permeability Testing of Core Plu

Eourtean uniaxial strain tests were conducted on selected core plugs from zones
within the injection interval, Seven tssts were fun on vertically oriented specimens
and seven tests were run on horizontally-oriented epecimens ¢rom the same gepth
lacations, A detailed description of the uniaxial strain testing procedures has been
included in the appendix for the geomechanical section tAppendix G, Volume RN
The following paragraphs describe the CORtinUOUS permeability determinations that

were made throughout the geviatoric loading cycle of each uniaxia! strain test.

g.2.2.1 Test Descriction

Messurements were mage of Hguig permasbility as 2 function of effective stress
on a number of samples cut from the whole core in both & vertical and horizontal
direction, These tests were conducted in conjuncton with the uniaxial strain tests
10 give an indication of the pressure sensitivity of the parmeability of these cores,

described in Section 7.

The tests were conduciad on 2-in.-giameter by 4-in. (nominal) and 1-in.-dizmeter
by 2-in. (norminal) core plugs, which were vacuum-saturated for 48 hours with 3
percent KC| brine prior to testing. The specimens were than placed between two
endcaps with 1 20-mesh screens on top and bOTIOM; and 2 heat-shrink Teflon
jacketing was placed over the specimen and secured 1o the endcaps with wire ties.

The specimen was then inserted in 2 20,000 psi triaxial test vessel,

A nominal (100 to 200 psi) confining pressure was apphed to the specimen to seat
it ‘d’_ee nressure vessel, 1o close the jacksting gaps, and to prevant jacket rupture
guring the initial fiow, Approximately 50 ml of 3 percent KCI brine WaSs }zas:serj
through the test specimen prior 1o applying deviatoric loading to ensure that the
lines and samples were fully saturated. For the low permesbility samples, the 50
mi of 3 percent KCi was not passed through when the sampie displayed a

differential pressure > 150 psi gt & flow rate <0.2 mi/min.
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During each test, flow was established ‘thé@ugh the sample at & constant flow rate .
supplied by & Milton Roy constant fow metering bump, provided by British
Petroleurn Exploration. Flow rates were selected 0 88 0 maémaén the differential
pressure of <200 psi across the sampie during the deviatoric ioading cycle.
Prasgure grop across the sarmple was monhored continuou shy using & strain gaged
differential pressure transgucer. Data were recorded using a computer-based data
scouisition system. The uniaxial strain deviatoric ioading groceadad by applying an
sxial load at an axial strain rate of <7 %107 infin/sec for all Formations, with the
excention of the Cincinnatian and Black River harizons, which were loaced at an
axial strain rate of <ix10° infin/sec. “The confining pressure was increased in

order to maintain a constant radial gtrain during the axial loading.

The flow pump &NQ Dressure transgucer Were calibrated prior 1o testing using
srandard SAIC QA procedures {Section 12, Appendix G-4, Volume 11). '?sn
addition, prior to 1esting, & system pressurs arop was measured while the loading
platens, 120-mesh screens, and all pors flow tubing used in the permeability
system were in place, A pressure grop calibration was performed &t various flow

rates with no back pressure induced on the system.

Liguid permeability (k) was determined as:

k = JEC - (6-1)
PReY: - :

where:

Parmeability (darcies)

Flow Rate (cc/set)

Specimen Langth {cm)

Fluid Viscosity (op) {Assumed = 7.0}
Cross Sectional Flow Arsa (cm®)

) = Pressure Differential {atm)

i

>R O T
i

£.2.2.2 Test Resuits

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

geomechanical section {Appendix G-}, which incluges curves representing the radisl
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strain (infin) permeabliity tmitiDarcy) and axizl strain (infin) vs. total axial stress
(osi),

Table 6-8. Liguid Permeability Test Results from Plugs a2t In Situ Conditions®

2657 Eau Claire 0.33 1.3
2789 Ezu Claire 138 58
2838 Mit, Simon 11.7 150
2889 Mit., Simon 33 117
2288 Wit, Simon 34 0.35
2071 ' ht. Simon 190 43
3‘1@5 R, Simon 240 0.6%

¢ Parmeabiiity at the 2,000 psi overburden stress level

6.2.2 Blecrical Testing of Core Plugs

Nine sample plugs were submitted for electrical testing to geterming the formation
factors, cementation factors, and tortuosity vaiues, as presented in Table 6-3, All
samples wvere selected from the confining and injection Zones. Porosity and
aermaabiiiw measurernents were also made on sach sampie and the selected

depths are shown on Tabie 6-10.



BP Chernicals Lime
LC No Migration Demonstration

PLUG PERMEABILITY AND POROSITY

Table 6-2

Compeny: BP Chemicals

Welk Lime Stratigraphic Test

Lozstion Lims, Ohie

, OVERBURDEHN
Sample  Grain Porosity Permeability
Depth  Density
(fr) (g/ee) (%) {mD)

1828.8 273 1.0 ¢.000£76
1855.8 2.85 7.6 * 0.008840
19781 281 &.5 €.011000
20289 - 3.08 .5 * 0.000228
2088.8 287 &3 * 1.200600
2088.2 2.82 2.6 0.0t 8200
2728.1 284 0.4 0.000286
2150.1 2.84 .3 0,007 080
2188.8 283 0.6 6.06002Z7
2211.8 2.78 8.4 0768000
2228.9 276 2.3 0.000512
22237 2.83 20 0000052
2276.6 283 0.1 < 0.000128
2328.3 287 5.8 26.9
2378.¢ 2,88 8.4 0. 1150060
2382.8 2.80 4.5 * 18.3
2405.8 274 5.8 0.011000
2402.8 275 7.2 182000 UX
26%0.0 271 8.2 218
2638.8 2.8¢ 8.7 # 0.002800
2483.2 2.83 4.8 0.001800
2450.8 2.78 2.0 ¢.004000 UX
2674.¢ 282 5.4 6001210
24801 267 £.8 ©.001760
2518.8 &2 8.2 6000017
2520.9 2.7% 6.1 < 0.000263 UX
2537.6 2.72 0.1 0.000083
2544.5 286 6.1 < 0.008333

| 2582.8 2.82 0.2 ©.00042%

Page No. 5-203
November 15, 1831



P1.UG PERMEABILITY AND POROSITY

Company:  BF Chemicals

Weil Lime Stratigraphic Test

Location: Lime, Ohie

OVERBURDEN
Sample  Grain Porosity Permeability
Depth  Density
(f1)  (gleey (%) (mD)

2564.8 2.65 8.7 0.000828
2578.% 2.63 ¢.8 0000227
2588.¢ 2.88 1.0 ¢.000818
2814.0 2.94 2.7 6001310
2628.5 2.72 4.0 0228000
2634.7 2.68 2.8 0.0 0800
2648.9 2.84 16.% 4,245000
2887.9 278 £.8 6.037500 UX
28658.1 2.72 .4 €. 121000
2876.1 2.73 R 0.000£T3
268%8.0 2862 E.© 0. 042800
2624.4 2.68 .3 ¢.002680 V
2694.% 2.65 2.8 0004550 H
2708.1 2.87 1%.2 1.380000
2731.5 285 & 0.0%&200
2727.& 2,64 7.7 0.0289060
27378 2.68 2.2 6.007210
2763.8 2.74 2.8 ¢.000812
2768.5 2.72 &0 0.0054£70
2729 2.7% 1.5 6.001310
2787.5 2.71 3.8 ©.262000
Z788.8 2.62 18.8 160 UX
27e4.1 2.69 17.7 130
2785.1 2.88 8.2 0.082300
2801.1 2.7% 3.0 0.001090
2803.2 2.68 £.2 0.001380
280%.1 2.7¢ 7.9 0.007430
2814.2 2.64 15,6 0.004010
2820.4 2.62 i2.8 164




PLUG PERMEABILITY AND POROSITY

Company: Bl Chemicals
Wels Lime Stratigraphic Test
Losation: Lirme, Ohic

OVERBURDEN

Sample Grain Porosity Permeability
Deptb Density '
{(fry  (gfee) (%) (mD)
2823.4 27T 2.8 0.00052%
2828.1 2.6% 14.1 520 l
28328 2.64 281 T2 1
2838.2 261 1.7 af
2E38.9 L 28T $8.8 $82 UX
| 28485 2.63 20.8 162
28486 286 3.8 2.1 30000
28£2.6 6.4 Am 3.280000 Aumibient
286%.1 2.5% 12.9 87
28824 276 8.2 6.012200
opg2.d 0.000850 Ambent
2BET. 1 264 2.6 0.0087%0
28824 281 18.5 g2 UX
2o01.1 2,58 13.7 3, BAG000
2903.1 252 8.2 &4
2e%0.1 2.64 3.7 0,001610
2210.1 0,05%200 Ambient
289%.1 262 13,7 &4
2828.9 2.6% i8.7 3%.3
2828.0 2.860 1.8 190
2831.6 2.6 8.3 g2
ZR3IL.© 2.59 20.8 174
Z243.5 2.65 14.2 130
2850.4 2,60 8.1 . &7
2858.8 2.64 0.7 283
2858.8 1223 Am 345 Ambient
Z853.8 2.64 11.8 228
289588.6 288 . 20.3 @7
2eTit 289 15.0 148




PLUG PERMEABILITY AND POROSITY

Compeny: BR @h@mma&g

Welt Lime Stratigraphic Test
b orauon: Lirmse, Ohio

OVERBURDERN

Sample  Grain Porosity Permeability
Depth Density
{fy  {g/ec) (%) (mb)
2674.8 2,85 $2.% 695
2876.& 2,64 15,0 129
2876.8 $7.6 Am 148
28784 268 1.2 &4
2987.9 2,85 8.5 1. 3500
2887, 1 19,9 Am 00 Ambient
2082.8 z&es  i1.3 20
2982.8 i34 Am 36 Ambient
20828 265 8.0
28383.8 10.4 Arm B30600 Ambient
2987.2 265 8.7 0.802000 UX
2298.2 2,54 $3.5 302
300%.8 2.64 10.6 o8
I008.5 264 g.1 28
300%. 1 284 . 13.4 285
3008.9 . 16,8 Am 212 Ambient
30931 2.64 15.8 230
3016.3 2 64 10,5 - 520
3021.2 266 $2.3 178
3028.9 288 $2.4 168
3028, 2.64 5.6 30
3048.8 2,64 5.5 5.0%
308%3.2 2.64 8.4 g8
367%.5 285 $0.2 5.54
3071.86 $8.0 Am 28 Ambient
3087.3 283 14,6 138
30802 288 13,9 140
3080.5 264 1.9 19

30885 1286 Am {54 Ambient



PLUG PERMEABILITY AND POROSITY

Company: BP Chemicals
Welk L ime Stratigraphic Test
Losaio: Lima, @E‘Dﬁ@
OVERBURDEN
Sample  Grain Porosity Permeability
Depth Density
(fv) (g/ce) (%) (mD)
3094.4 282 1%.4 286
3098.9 282 133 83
3105.8 2.62 1.1 17
3190.8 265 it 118
3113.8 264 8.6 0.661400
31138 <26 Am 0.628000 Ambient
3996.2 264 16.3 292
31234 2.63 6.4
31362 263 13.8 :
31371 287 28 Ig%ily
3137.% &3 Am $.72 Ambient
3163.2 Z.54 8.7 i3
3144.8 2.85 5.5 ©.236000 UX
I 31480 2.85 5.9 0.020200
8.2 Am 18.2 Ambient
3151.7 263 181 164
ziae. 2.58 ¢.5 0001030
3202.7 283 G.5 6.00088%
3297.2 2.62 3.0 0.002740
32258.1 2.88 3.8 ¢ 000104
 3233.7 2.6% 3 C.001350
3250.1 2.68 &.4 ¢.002%30
3275.6 2.68 0.9 <
3288.% 2.8 0% <
3302.7 2.82 0.9 < .
3340.9 2.73 &G 0,000535
33903 2.63 g1 < , 0031
3404.3 2,68 8.3 < 0.000053




PLUG PERMEABILITY AND POROSITY

Company BP @h@macaﬁs
Welk Lime Strafigraphic Test
Losanom Limme, Ohie

1 OVERBURDEN
Sample ~ Grain Porosity Permeability \
Depth  Density :
|y (g (%) (mD) }
| | |
* Vugs

# Chipped plug

< Porosity is less than reported number

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

WW Sohio hole #1 samples. permit 68

Note: Precision is to 3 significant digits, rrailing
zercs are a [ormat artifact.



INEOS USA LLC
Lima, Ohio
WDW #3

ATTACHMENT C

WELL CONSTRUCTION SPECIFICATIONS
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7.0

WELL CONSTRUCTION
Generzl Comments Regarding Updates for the Renewal Application

The conclusions of this saction remain basically unchanged from the July 1892 UIC permit
appiication submittal. This section has been updated, however, as appropriaie bassd on published
literature, site operating history, test results, and data anaiysis conducted in regards to the INEOS

injection well activities since July 1882,

Section 7 coniains versions of various compliance impiementation plans reguired by the existing
permits. These are contained in Appendices 7-3, 74 7-5,7-T and 7-8. As discussed in Section 1,
these plans are periodically re-submitied o OEPA. Conseguently, those versions contained harein,
which are provided o sacilitate stand-alone revisw, may not be the most current. The most recent
versions, submitied under separaie Cover, should be considered the governing VEISions,

The four currently permitied INEOS Class | Waste Disposal Wells 1,2, 3 and 4 (WDW Nos 1, 2, 3
and 4) are constructed with multiple casing strings for protection of USDWs and potential mineral
resources (Ohio EPA Permit to Operate Numbers UIC 03-02-003-PTO-, 03-02-004-PTOA, 03-02-
005-BTO-, 03-02-008-PTO-). WDW Nos. 1 and 2 are construcied with two casing sirings in
addition to & carbon steel injection siring which is internally coated with a corrasion resistant epoxy
coating. WDW Nao. 3 is similarly consfructed, bui & full-iength casing finer was installed in January
5010, WDW No. 4 is construtted simitarly but also includes an intermediate casing string. The
surface casing is set below the lowermost USDW {the Sub-Lockport Group) in all wells and
cemanied to the surface. The protection of iong siring casing is set at the top of the injection
interval and cemented in place. Thus, the USDWs at INECS are protected by a mirimum of two
carbon sieel and two cement barriers. Waste is emplaced in the injection interval in all wells via
carbon steel injection tubing which is internally coatad with 2 corrosion resistant epoxy coating and
surroundad by a pressurized and monitored liguid annutus system, thus providing additional
protection for USDWs. Details on the construction and cementing of the INEOS injection wells are
provided on Tabie 7-1 of this application. Wellbore ‘schamatics of the four injection wells are
provided as Drawings 7.1 7-2,7-3 and 7-4. Packer and seal assembly schematice of the four welis
are provided as Drawings 7-5, 7-6, 7-7 and 7-8.

The wells at INEOS are constructed such ihat they can be tested annually for mechanical integrity.
The following table summarizes the mechanical integrity demonstrations conducied since the
permit application submittal in Sepiember 1998, The results of these mechanical iniegrity iests
were documented and submitted to the Ohio EPA in detailed Mechanical Integrity and Well
Workover reports submitied to the agency within 80 days of compiletion of the work. in most cases,
Ohio EPA employees witnessed the key aspects of these mechanical integrity demonstrafions. In
all cases, mechanical integrity was successfully demonstrated. Details of the mechanical integrity
demonstrations, well logs run, and well workovers conducted over the history of the four injection
welis is summarized in Appendix 8-1.

~4
.
-



T WELL NAME & NO.

[ WiIT DEMONSTRATIONS

\ WDW No. 1 October 1988 October 2005
October 1899 Oclobar 2008
October 2000 Ociober 2007
October 2001 Ociober 2008 |
; | Ocieber 2002 | Ociober 2009 |
October 2003 ‘
October 2004
SWDW No. 2 April 19898 t Aprit 2005
April 2000 April 2008
May 2001 Aprii 2007
May 2002 WMay 2008
April 2003 April 2008
July 2003 (During
Workover )
April 2004
WY No. 3 July 1289 August 2005
August 2000 August 2008
August 2001 August 2007
August 2002 August 2008
August 2003 August 2000
Octobar 2003
August 2004
WDW No. 4 June 1998 June 2005
Jupe 2000 June 2008
June 2001 Juns 2007 1
Jung 2002 June 2008 1
June 2003 Jung 2008
| i June 2004 s

On July 1, 2003, INEOS verbally notified the Onio EPA regarding the loss of ditffereniial
pressure in WDW No. 2 which had occurred on July 1, 2003. This was daetermined to be a leak
in the injection string. INEOS ceased injection in WDW No. 2 prior fo loss of differential. -
pressure, INEOS was able to successfully shut-in the well until an emergency well workover
was conducted. Ohio EPA provided field approval o resume injection after INEGS successiully
demonsirated mechanical integrity on July 18, 2003

Subsequent to the July 1992 permit to operate application, INECS requested a permit modification
 to change the S-year MIT casing inspection requiremnents in the future 1o times when the injection
string is pulled from the injection wall. This permit modification was finaiized by the Ohio EPA on
June 13, 1097. INEOCS anticipates ihat the current permit modification language consistent with
OAC 3745-34-57()i4) will remain in the remewal of the permits to operaie for these four wells,

WDW Nos. 1, 2, 3 and 4 have been worked over several times 10 sither replace the injection siring
or increase injectivity,. No casing leaks have ever occurred in any of the welis. Other than minof
tubing or packer leaks, related to normal life expectancy of these materials, the wells have
maintained mechanical integrity since the beginning of injection operations attesting 1o the



adeguacy of the well design. Through the results of the extensive testing conducted and the
muliiple layers of protection provided by the design of well construction, INEQS has baen
successful in demonstrating that injected fluids hiave not moved into unauthorized zones, Details of
the mechanical integrity demonsirations, well togs run, and weli workovers conducied over the
history of the four site injection wells is summarized in Appendix 8-1.

The annulus monitoring sysiems were replaced in 2001, The wellhead annuius monitoring systems

are designed to comply with the reguiations as defined in 40 CFR 148 and in rule 3745-34-56 of the

Ohio Administrative Code. This includes a system to frack the changes in annulus fluid volumea

during the operation of the injection wels, A schematic of the annulus monitoring system in the
xisting INECS injection wells is iliustrated in Figures 7-1 and 7-2 of this application.

The surface injection pressure, surface annulus pressure, and. flow rate are monitored and recorded
_continuously on both the plant Daia Coliection System (DCS) sysiem and on strip charts. The piant
DCS is the comphiance moniioring system at the sife o satisfy all permit monitoring conditions.
Only in the event of & failure of this primary system will the strip charts and/or field pressure gauges
be used o satisfy the permit monitoring conditions. These charis are verified daily and filed for
referance and reporting purposes. Field readings of local welihead pressure gauges for both the
annulus and injection systems are recorded on a 4-hour basis, These readings are compared ©
the chart recordings and calibrations are performed as indicated.

The monthly averages, maximums, and minimums for injection pressure, fiow rate, annuiar
pressure, and injaction volumas are reporied as required unaer the existing permits o operaie.

The ennular fluid in each well is composed of 8 Ib/gal NaCl salt water brine containing
approximaialy 5 gat of corresion inhibitor per 300 gal of brine and 2 bactericide and with the pH
adjusied to 10 with NaOH. The annular pressure will be mainizined at 2 minimum of 50 psi above
the injection pressure as maasured at the surface during injection operations. The specific gravity
of the annular fiuid (approximately 1.08) is greater than the specific gravity of the Injectate, which
has an average spacific gravity of 1025 and a maximum of 1.05, thus insuring that a positive
annutar pressure is maintained throughout the length of the injection string.

ha annulus monitoring systems maintain a minimum differential pressure.  Backup sysiems are in
place should the primary systems become unable o maintain the minimum differential pressure. in
addition o differeniial pressure, annulus fitid loss 1s also rmoniforad.

All casings used in the INEOS wells are standard API tubulars. Through INEQS's experience of
over 40 years in handiing this wasie water stream, carbon steel hias been determined fo expenance
significant pitting and corrosion when exposed fo the injectate stream. For this reason, the surface
equipment and piping and key components of the packer are siainless steel. These materials
provide for indefinite iife of these components. The use of ihreadad stainless steel for the injection
string is problematic, and problems maintaining a sealed threaded conneciion do not justify the use
of stainless siss! for this application, For this reason, INEOS has chosen to use carbon steal
tubutars interhally coated with & corrosion resistant epoxy coaling.



To protect the iower section of the long siring casing iocated below the packer from corresion from
exposure o the injectate, INEOS insialled 2 tail pipe that hangs below the packer and conducts the
injectate past the botiom of the tailpipe. A diesel buffer was injected that will float up between the
taiipipe and the bottom of the long siring casing, isolating this section of the jong string casing from
the injectate. INEOS has experianced raialively gong success with this technique. The foliowing
table summarizes the current materials of construction of the four existing Lima injection welis,

Based on the current results from ine UIC Corrosion Monitoring Pian (Appendix 7-5) and the

operating history over the years, ali of these maierials have been demonsirated fo have good
operating characteristics and to experisnce minimal reactions or attack from the fluids injected at
the facitity. INEOS reserves the right fo change these materials of construction in the future based
on operaling experience and the ongoing results from the site UIC Corrosion Monitoring Plan.

304L S

| ]
['Wellhead Vaives | 316 85 | 316 58 ! 316 85 | 316 S8
injection Tubing N-80 Coated with \ N-80 Coated with \ 755 Coatec with | N-80 Coated with
TK-15 TK-15 TK-B9 TK-15
F)ownho\e Landing 410 S \ 410 S8 \ 410 55 440 SS \
Nipple ~
| Crossover Sub | 304 S8 1 304 S5 304 SS ; 304 SS B
| Seal Assembly 1 316 SS | 316 S8 316 S8 1 316 S8
Faat Assembly \ V-Ryte (Viton} \ V-Ryfe (Viton) V-Ryte (Viton) \ V-Ryte (Viton}
Elastomers
| Packer " 4id40Sweel | 41-40 Steel 4140 Stes! 41-40 Steel ﬂ
| Packar Elastomer | Nitrile l Nitrile | Niirile hitrite

The casing and cemeniing prograr tor sach well at INEOS is summarized in Table 7-1 of this
application. As discussed above, the wells are gesigned to both prevent the movement of fluids
into or betwesn USDWs and they are equipped with an annulus monitoring system to detect any
potential teaks. The casing and cementing program for WDW No. 4 is presented In Appendix 7-1,
which details the cernenting and casing program for the surface, intermadiaie, and long sfring
casings. Portions of ihese discussions are axcerpted as _appropria‘te io address the reguirements

‘contained in this section.

Al of the INEOS injection wells are designed so that the surface caging is set below the jowermost
USDW, which occurs at depths ranging from 352 ft fo 273 & in the four wells, Drawings 7.9, 72,73
and 7-4 ilustrate the casing deptns sor the four INEOS Class | walis, The setting depth for the
surface casing ranges from 432 f to 713 f within argillaceous dolorites in the Cincinnati Broup,
and all surface casings ware cemeniad o the surface.

in WDW No. 4, 16-inch surface casing was set 1o a depth of 712.6 f KB in & 20-inch surface hole. -
The lowermost USDW in WDW No. 4 occurs at a depth of 373 f KB; tnarefore, the surface casing
was set significanity below potential USDWs in this well.



The casing was cemented in the >0-inch hole from 700 ft to the surface amploying a designad 50%
excass cement. The cement used was as follows:

Standard Howco Cement with 3% CaCl, 4% gel, and 1/4 Ibisack fioccele.
The slurry properties were as follows:

Slurry Weight 14.33 Ib/gal
Slurry Yieid: 1.55 #lsack
Waisr

Reguirement: 5.2 gal/sack

The cement volume calculafions were a8 follows:

2440, conductor casing run to 62 ft, iD. =2325in.

20-in. LD, holeto 721 #

Hole Volume = (52 ft)(2.948 %) + (659 f1)(2.182 #%) = 4,620 #°

Casing Volume = (712.6 f)({1.395 #2) = 095 f°

Required Cement Volume = 1620 - 995 = 625 #

Reguired Cement Yolume = 825 fH1.55 #%/sack) = 403 sacks of cement

The wall was cemented on March 25 1981, with 580 sacks of Standard Howco Cement with 3%
CaCl,, 4% Gel, and % Ibfsack flocesle.  The laboratory cemeant test report is included as
Atiachment 2 in Appendix 7-1 of this application. The stepwise cementing summary for the surface
cesing is included in Appendix 7-1. The reported cemant siurry sensity was 14.1 lb/gal with a yield
of 1,55 f¥fsack. The cement developed a compressive sirangth of 1,840 psiin 10 days.

Excess cement (152 sacks) was circulated o surface versus the calcutated 177 sacks (88% of
calculated). Approximatety 35% excess cament was aciually employed.

All of the INEOS injection wells are designad with a 7-in long string casing set below the top of the
modeled injection interval which oocurs in the lower Eau Claire Formation at the iop of the EC,
model unit. Drawings 7-1 through 7-4 contain the casing deptns for the four INEOS Class | welis.
The satiing depth for the 7-in long string casing ranges from 2813 to 2,885 ft within shaly sections
of the ML Simon Sandsfone, and all were cemented to the surface. '

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

An intermediaie casing string was run in WDW No. 4 and cemented prior to driliing info the
anticipated wasie water plume. The 10 %-inch intermediate string casing was set at 265078 ft KB,
in & 14 %-inch hole drilled to 2656 # KB. This zone corresponds to the arrestment strata within the
injection zone. The intermediate casing was cemented in two stages o minimize the fluid column
weight on the formation during testing. A Davis-Lynch 10 %-inch B-round integral casing packel

7-5



type 1001 075-1275 and 2 10 ¥e-inch 8-round M&F stage cement coliar type 778-MC were used fof
staging. Ths casing was camenied as foliows!

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

Stags 2. Standard Howeo Cement with 2% CaCly, 6% microbond, Va Ibfsack
floccele, 0.5% Halad 344, 1/10 of 1% FWCA.

The sturry properiies of the cement ware 2s foliows!

Siurry Weight: 15.0 b/gal
Siurry Yiekd: 1,36 f°/sack
Water Requirement.  8.20 galfsack

The cement volume calcuiations were as foliows:

262,30 it J-55, 40.5 Ibfit casing 10% in.

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

4 70 & cement packer, float coliar and shoe

16-in, casing set at 712.60 KB

Cament Packer Set at 1781.0 ft KB _

Uols Volurne = (71260 f)(1.268 %) + (1943.40 #(1.187 #2y=3210 f
Stage 1 Hole Volume = (865 )(1.187 #) = 1027 &

Stage 4 Casing Volume = (850.00 f(0.630 #) = 542 f°

Stage 1 Required Cement Volume = 1027 - 542 = 485 70

Stage 1 Reguired Cement = 485 1(1.36 #*/sack) = 357 sacks

Stage 2 Mole Volume = (712.60 ft){1.268 #2)4(1078.4 ft)(1.187 &%) = 2183 2
Stage 2 Casing Volurme = (1791.00 f){0.630 B2y = 1128 f°

The well was cemeniad on May 29, 1991 The first stage was cemented at a designed 20 percent
excess with 415 sacks of Standard Howco Cement with the additives noted above. The second
stage was cementad with 906 sacks of Standard Howed Cement with the additives noted above at
z designad 20% excess. The BP Research Cement Shurry Evaluation Report is included as
Aftachment 4 in Appendix 7-1 of this application. A similar evaluation was prapared by Haliiburton.
The reporied cement siurry gensity was 15.0 Ib/gal, with a yield of 1.386 #*sack. The cement
developed a compressive strength of 1,638 psiin 24 houts,

For Stage 1, 45 sacks of excess cement were circulated to the surface versus the calcuiated 58
sacks (78% of calculaiad). Approximaiely 12%, excess Cement was actually employed. For Stage
2, 120 sacks of excess cament were circulated to surface versus ihe calculated 128 sacks (83% of
calculated). Approximately 15% excess cement was actually employed.

-~}
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The 7-inch long siring casing string was set as the final isolation of the opsn hole injection inferval
and cemented. This casing was set al »885.35 f KB, significantly inside the modeied injection
interval for the Lima Site.

The casing was cemented in the B s4-inch hole in two stages o minimize the fluid column weight on
tha formation during cemanting. A Davis-Lynch 7-nch integral packer, type 100-700-825 and stage
cement coliar, type 778-MC, were empioyed. The cement used was as follows!

Stage 1. Standard Howeo Class A cement with 2% CaCl,, 6% Microbond, 0.25 v/sack floccele,
0 5% Haiad 344, 1/10 of 1% FWCA,

Stage 20 50:50 Mix Standard Howeo Class A cament pius Zanesvile Fly Ash, 8%
Wiicrobond, 2% CaCly, 0.75% CFR2Z, 0.5 D-Air, 2% HC-2,no gl

The slurry properties of the cement were as foliows:

Stave 1 Stage 2
Siurry Weight: 15.0 ibigal 14,8 Ib/gal
Siurry Yield: 1.36 ft¥isack 122 ft¥fsack
Water Reguirement: .20 gallsack 4 85 gaifsack

The cement volume calculations wers as foliows!

2.650.78 ft 10%-n. casing

287 30 ft J-55, 40.5 Ip/f 10% in: 1.D. = 10.050 in, 145
5388 48 ft L-80, 51.0 Ibfft 10% i 1D =8850in. 1,204 #
9%-in. hole from 2650.78 to 2,881 #t 119 f°
Total open hole volume = 1,528 #*

7-in. casing from 0 to 2885.35 ft ©.D. volume = 771

Total cament volume = 1,528 - 7712 787 &

Cement packer set at 2,050 ft KB; stage coliar set at 2,043 KB
Stage 4 hole volume = 119 + 145 + 183 = 447 i

Stage 1 casing volume = 225 #*

Stage 1 required cement = (225 #2)/(1.36 #°/sack) = 163 sacks
Stage 2 hole volume = 1.085 ft°

Stage 2 casing volume = 548 i

Stage 2 required cement = (535 ﬁ3}1(1 22 §¥isack) = 438 sacks

The 7-inch casing was cemented on July 20, 1291. The first stage wes cemented with 225 sacks of
Standard Howco Class A cement with the additives noted above. This volume was a desighed
40% excess. The second siage was cemented with 475 sacks of 50:50 Pozmix, with the additives
noted above. This volume was & 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 Aftachment & in Appendix 7-1 of this application.  Similar evajuations were
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preparad by Haliipurion. The first stage cement developed a compressive strength of 1,536 psi
after 24 hours. The second stage developed a compressive strength of 1,651 psi sfter 72 hours.

For Stage 1, approximately 65 sacks of excess cement were sirculated to the surface with the
disnlacement versus the calculated 82 sacks (105% of calculated).  Approximately A0% excess
cament was actually employed. For Siege 2, approximaialy 35 sacks of excess cement were
circulated to the surface with the displacement versus tha calculated 37 sacks (5% of calcuiated).
Approximaiely 8.5% excess cernant was actually employed.

The jong siring casings in WDW Nos. 1, 2, and 3 were cemented in fwo stages. The iniermadiaie
and iong siring casings in WDW No. 4 were both camented in two stages.

WDW No., 4 .

The technica! specifications for the casing strings employed in WDW No. 4 are summarized in the
table below. The surface casing was naw, inspecied at the mill and prior io shipment. i was
certified 1o conform to AP specification 5CT Gr B40. The botiom six joinis of the intermediate
casing were J-55, 40.5 bt STRE R-3 casing and sbx were new, inspected at the mill and prior 1o
shiprent. This casing was certified © conform o API specifications 5CT Gr J55, The remaining
58 joinis of the intermediaie casing were L-80, 51 Ibf ST&C R-3 used casing ihat was inspecied 1o
ansure that it met published tolerances for the grade and weight of casing. The 7-inch long siring
casing was new, inspacted at the mil and third party inspected prior 10 shipment. The iong string
casing was cerfified o conform o AP specifications 5CT Gr N8O,

H-40 88.0 15.25 15.06 17.0 670 1,640

1.-80 51.0 9.880 0.60b4 11.750 3,220 5,860 1,165 804
J-65 40.5 10.060 0.894 11.750 1,580 3,130 828 420
N-80 230 5.366 6.241 7 655 3,830 8,340 532 442
N-80 11.8 4,00 3.785 5.000 6,350 7.780 267 223

The total weight of the surface casing was approximately 45,650 lbs, approximatety 10 percent of
the 430 000 Ibs joint yield strength. “rhe maximum internal pressure that this casing is expected 1o
be exposed to is the cement column weight (15.8 ipigal) of approximately 585 psi at the casing
shoe. This valus is approximately 5%, of the rated internal yield strength.

The total weaight of the intermediaie casing was approximataly 135 150 |bs, approximately 17
percent of the 804,000 tbs joint yisid sirength.  The maximum internal pressure that this casing is

xpected fo be exposed fo is the cement column weight (15 Inlgal} of approximataly 2,066 psi at ihe
cesing shoe. This value is approximately 55% of the rated internal yield strengtn of the J-55 casing.
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10% H-40 3275 10192 10.038

The total weight of the iong string casing was approximataly 86,500 Ibs, approximately 158% of the
442 000 los joint yieid strength.  The maximum sxternal pressure that this casing would be
xpecied 1o be axposed fo is the full column cement weight (15 Ib/gatl) of approximataly 2,250 psi at
the cesing shos. This value is approximaiely 50% of the rated collapse resistance for this N-80
cesing. The maximum anticipated operating pressure for the annulus is 3,000 psi, approximately
48% of the rated internal yield girangth for the N-80 casing.
The iotal weight of the 4 ¥z-inch injection string is approximatety 33.500 Ihs, approximately 15% of
the 223,000 lbg joint yield strength. The maximum external pressure that this casing is expecied f©
be exposed fo is the maximum anficipated operating pressuie 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 io be exposed o is the maximum permitted wellhead prassure
(WHP) of 825 psig (BHP = 2,131 psig) which is approximately 58%, of the rated internal yield
strength for this N-80 casing.

WDW No. 1, WDW Ne. 2, WDW Ro. 3

The technical specifications for the casing strings amployed in WDW Nao. 1 and WDW No. 2 are
summarized in the table below. The maximum siresses expected for these casing strings Versus
the design rafings are summarized in Table 7-2. The 40-3/4-inch and 7-inch casing sirings in WDW
No. 3 are also described in the table below. Stresses and design ratings for the finer and the
injection tubing that were instalied in Well No. 3 in January 2010 are provided in Table 7-2. Thess
tables Wustrate that the casing sfrings in the INEOS injection welis are ccnserva%‘:iveiy overrated
with respect fo the maximum surst ant collapse pressures 5t the maximum iensile stress which
may be experienced during the construction, operation, and clesure of the well(s).

14,750 880 1.820 205
7 355 0.0 5458 - 6.331 7656 2270 3740 316 234
4% N-BO 11.6 4,000 3875 5.000 6350 7780 267 223

Standard Class A cement with appropriate additives to maximize the quality of the cement job were
used in the various casing cement programs. INECS experience with the wasie stream indicates
no reactions between ithe waste and the standard cement, The waste streamn is a highly buffered
ammonium sulfate brine stream with a neutral to slightly acidic pH. No reacfions are predicted
between the waste stream and the cements. This is confirmed by the istest INEOS MIT results that
demonstrate the absence of significant vertical fiow at the well casing shoes in WDW No. 1, WDW
No. 2, and WDW No. 3 over 35 years of confinuous operation in the current service.

The four INEQOS injection wells employ general purpose sackers fo make an isolated annulus
hetween the long string casing and the injection string. A three-piece packing element sysiem 13
sealed against the long string casing by a dual lock ring system in conjunciion with oppesing non-
transferring slips fo mainiain positive pack-off. The packer used in Well Nos. 1, 2 and 4 is & Baker
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Miogel "A" "Retrieva-D" casing packer. This packer is set with either a wireline setting tool or by
using a casing worksiring, and can be rsieased from the casing with a wiraline refrieving tool.
bramature release of the packer srom the casing is prevented by tha latch retainer which covers the
ends of the iaich refainer fingers, locking fhem o the body. The laich retriever is secursd in
posifion by four brass shear screws. The speciiic packer is a Baker ATC Modat “A" Retrieva-b
nacker with & 4 oinch LTC pin down. The tachnicat specifications for this sacker can be found In
Appendix 7-2 that inctudes pages from the Baker technical manual. Sections of 4 Y-inch. LT&C
sasing are run beneath the packer info the open hole interval to isclate the section of the 7-inch
jong string casing hepeath the packer from the surbulent injection flow. The packer setting detalls
are included in fable beiow. The location of the packers in the four site injection wells were
reviewed and approved by Ohio EPA staff through the caview of wall workover plans and reporis.

WDW No. 1 2783 2757

2785 2808
WDW No. 2 2813 2784 2792 2864
WDW No. 3 28143 2793 2805 2831
WDW No. 4 2885 2862 2869 2014

A seal assembly is instalied on the bottom of the 4 %-inch injection string, This consists of & Baker
Miodel 80-32 locator type seal assembly, 316 stainless stes! with @ 3%-inch, B-round box premium
seal sssambly, three Baker Wiode 80-32 seal units, 316 stziniess stesl, and 2 2.7/8-inch by 5 foot
215 stainiess steel production tubs and % mule shoe guide. The packer materials are madsg from
315 stainiess sieel due io ihe high velocities and surbulence experienced by the flow through the
packar restrictions. The seal assembly rests in the polished seal bore of the packer, fully isolafing
the annulus. This seal assembly is free 10 move in the polished seal bore io accommodate thermal
expansion and contraction of the 4 %-inch injection string, minimizing tensile stresses on the
casing. Details of the packer and seal assemblies are contained on Drawings 7-5 through 7-8.
INEOS maintaing a full spare packer and seal assembly at the manufacturers shop which can be
received onsite rapidly if reguired during workovers of the injection wells.

In the January 2010 workover of WDW No. 3. a fulliength 5 Youinch liner was instalied znd
camentad. A new string of 3 Y-inch injection tubing, internally coated with TK-69, and new Baker
Modal “FB-1" packar were instalied. Details of the naw casing, tubing, and packer are provided in
Tables 7-1 ang 7-2, and shown on Drawing 7-1.

The maximum annulus pressure that the packer is expecied o 58 is 3,000 psig (1,500 psig
surface pressure plus 1 500 psig fluid column pressure) which is approximatety 38 percent of the
rated upper differential pressure capability of these packers. The maximurm internal pressure fhat
the packer is expected {0 experience is 2,150 psig (reflecting the historical 844 psig maximum
surface pressure plus 1,308 peig fiuid columnn pressure). This is approximately 36 percent of the
rated lower differential pressure capability of these packers. The maximum iemperature fimitations
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of the packer slemant gysitem I8 300°F, considerably higher fhan the maximum anticipaied

operating femperature of 150°F. A fluid seal is not used in any of the existing INEOCS injeciion
wells,

The INEQS contingency pian designed o cope with 2l shut-ins or well failures is included as
Appendix 7-3. In addition, INEOS maintzing saversl monitoring plans in accordance with the

requirements set forth in 3745-34-57. These are summarized beiow.

Waste Analysis Plan

The most recently updated UIC Waste Analysis Plan applicable 10 the injection wells is included as
Appendix 7-4 and meets the requirements of ruies 3745-34-57(A) through (F) of ihe State of Ohic
Administrative Code in addition 10 the permit reguirements contained in Section D{3) of the INECS
UIC Permit to Operate the Class | wells.

Corresion Monitoring Plan
The most recantly updated UIC Corrosion Monitoring Plan is inciuded as Appendix 7-5 and is
submitied in accordance with rule 3745.34-57(G)(H) of the Staie of Ohio Administrative Code. The

Ohia EPA approved the current INEOS UIC Corrosion Maoniioring Dian in a lefier dated March 17,
1885,

Machanical Integrity Demonstrations

Wiechanica! Iniegrity Testing is conducied in accordance With rule 3745-34-57(1) of the Ohic
Administrative Code. The resuiis of the most recent mechanical integrity testing on WDW No. 1,
WDW No. 2, WDW No. 3, and WDW No. 4 are includad in Appendix 7-6. These latest Mechanical
integrity Demonstrations have been reviewsd and approved by the Ohio EPA.

Groundwater Monitoring Plan
INEOS originally submitted the groundwater monitoring pian on December 8. 1993. Inresponse o
comments received from the Ohio EPA, a revised plan was submitiad on May 2, 1894, The Ohio

epA approved the current INEQS UIC Groundwaier Monitoring Plan in a letier dated March 17,
1995, ‘

The most recent UIC Groundwater Monitoring Program status report is included in Appendix 7-7
and includes a description of the program being implemanied.

injection Zone Ambient Monitoring Program

The monitoring program plan at INEOS consists of annual ambiant monitoring of the injection zone.
The monitoring program plan is included as Appendix 7-7. The results of the most recent injection
zone ambient monitoring 1s included with reports of the most recent machanical integrity testing on
WDW No. 1, WDW No. 2, WDW No. 3, and WDW Nao. 4 that are included in Appendix 7-8. These
iatest Mechanical Integrity Demonstrations have been reviewed and approved by the Ohio EPA.



Setemic Monitoring Program _
Saigmic monitoring at INECS was initiated in 1988 in accordance with permit requirements. The

salsmic monitoring program is described in Appendix 7-8. The Ohio EPA approved the current
INEQS UIC Seismic Monitoring Plan in 2 letter dated March 17, 1895

Aute Warning and Shutdown Plan

Tha most recently updated UIC Auto-Warning and Shutdown Plan is included as Appendix 7-3 and
s submitted in accordance with rule 3745-34-57(G)(H) of the State of Ohio Adgministrative Code.
The Ohio EPA approved the current INEOS UIC Auto-Warning and Shuidown Pian in a iefter dated
Warch 17, 1285, The results of the most recent demonsirations of the automatic shuidown systems
are included in the reporis of the most recent mechanical integrity festing on WOW No. 1, WDW
No, 2, WDW No. 3, and WDW No. 4 that are incluged in Appendix 7-5. These latesi Mechanical
Integrity Demonstrations have been reviewed and approved by the Ohio EPA.

WDW No. 4 was drilled during the period from March 11, 1281 through Oclober 4, 1991 as the
Lima Stratigraphic Test Well Extensive testing of the well was conducted that incluged &
comprehensive logging suite, obiaining over 2,250 ft of 4-inch diameter core, drill stem tesiing, and
performing an interference test 1o establish hydrogeologic properiies of the gross Mt Simon
injeciion interval. Details on the casing program are provided in Table 7.4 and well maierial
specifications are gescribed in this chapter.
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Table T-1

Welt Design and Construction of the INEOS Injection Welis

NECS WDW

INECS WDW INEOS WDW INECS WDW

Mo, 1 Nao. 2 Mo, 3 Mo, 4

Elsvabion 872 ft B54 f 855 gr2 g

Total Depth 3133 % 31721t 3165 ft 3409 ft

Type Complefion Open Hole Open Hole Open Hole Open Hole

Top Injection Zone

(Top Eau lairg 2430 % 2418 1 2422 # 2430 &

Formation}

Top Wit . Simon 2810 2800 & 2803 # 2813

Sangdstons

Top jnjection 2783 /2830 #° 2813 28108 2885 it

intervaf™” :

Open Hole Interval
After Piug Back®

Surface Casing.

Hole Diametar
Size and Grate

Cement

Intermadiaie Casing
Hole Diamster
Size and Grade

Cament

2B30f- 3133 &

12V,
10%:-in. 0.0,
32.75 Wik, H-40, Brd, R-3,
STEC & 432 f

50 sks Surface Pozmix,
29 GaCla,
12.5 sk Gilsonite
75 sks Class A, 2% CaCly
10 sks Class A, 3% Call
Pumped from surace down
barehole, filed fo surface

Mo intermediate casing

/s’

2813 §t - 3140

13%-in.
10%-in. 0.0,
32,75 foift, H-40, 8rd @ 504 &

400 sks Cless A
&% gal, 5% CaCly
12, Gilsonite per sack cement
Cementad to surfacs
Ciroiilaied 59 bbis of slurry
o suriace

No intermediate casing

R/A

2810 R - 31401

13_-n.
10%-1n. 0.D.,
32.75 Iofft, H-40, 87 @ 505

235 ske Surface Pozmix and
2%, CaCl with 10 ib/sk Gilsoniie
Cement crcuiated to surface

No intermediate casing

A

2886 fi- 31407

20n.
16-n. 0.0,
g5 b @713 R

Cemeniad fo surface
with
580 sks Class A
ohus 3% CaCl plus
1/44bisk Flocsle.
Circulated to surface
with
35% excess.

4%,
10%-n. ©.D., 40.5 Ib/f
and 51 b/t @ 2651

Cemented in wo
siages:
1gf stage 415 sks
cement, (6%
Witgrobond
2% Call;
0.5% Halad-344
Y. Inisks Flocele
0.19% FWOA)
Circulated to surface
with 12% excess.
2nd stage 905 sks
STD cement
Circulated fo surfage
with 15% excass.

Proteciion Casing:
Hole Diameter
Size and Gratie

gin.
74n 0.0, 20 ibfft, J-85, R-2,
ST&C @ 2783 ft

8 in.
7.in 0.0, 20 b, J-55, R-2
@ 2813 R

gin.
74n ©.D., 20 bt J55, Rr-2
@ 2810 #

9% in.
7-in O.D., 23 Ib/ft, N-
8D, B-3 @ 2885 ft



L ¢

181 Staps

2nd Stage

Liner

Tubing

Packer

Bottorn of Tail Pipe

Annuius

TABLE 7.1 {Confinusd)

Two Stages

300 sks Pozmix and
100 sks Typs B
Set for 12 hrs

Sof & 1,305 f using
450 sks Pozmix.
Circutatad cament 1o
surace.

24n. 0.0, 18 bfft, B-3
flush
joint carbon steel liner @
2820 1t

2vin., 11.50 bR, N-BD

internally Coated
with TH-15 Epoxy
Coating
@ 2810

Baker Model "A" Retrieva
D with seal jocator
agsemily
Top @ 2757 #

2840 fl

inhibitet NaCl brine with
pH adjusted fo 10

(ot

Two Stag

250 ske Halliburion Light
with 18% CaCly, 100 sks
Type i with 18% Calll
and 1%:% CFR-2.
Circuiated 35 bbs 1o
surface.

200 sks Halliburion Light
18% CaCl plus B0 sks
Haliburton Light, 18%

CaCly,
10 Ibisk Glisonite.
Circulated 18 bbis o
suriacs.

MR

£¥%n., 11,60 Ibffi, N-80

tnternaly Coated
withTK-15 Epoxy
Corting
@ 2792 ®

Baker Model "A"
Ratrisva D with seal
jocator assembly
Top @ 2780 1

2828 &

Inhibitad NaCl bring with
pH adjusted to 10

Two Siages

250 gks Light with
18% CaCl,
100 sks Typs Il plus
18% CaCl, with 1%4%
CFR-2.

250 sks Light plus
18% CaCly plus
50 ske Light plus 18%
Call
with 10 Ib/sk Gilsoniie,
Cerment ciiculaied to
suriace.

5 vinin. 0.D., 1.5 b/,
455 R3 @ 281310

2vein., 8.3 /R, J-55

intemally Coated
With TK-88 Epoxy
Coating
@ 27es

Baker Model "FB-1
sacker with seal looator
assembly
Top @ 2783 #

2831 ft

inhibited NaCl bring with
pH adjusted o 10

Two Siages

778 sks Class A with
8% Wicrobond, 2%
CaC!z,

0.5% Halad-344,
0.1% FWCA, ¥ ibfsk
Flocele.
Cireulated to surface with
40% excess.

475 sk 50% Class A
50% Pozmix
8%, Microbond, 2% CaClz
0.75% CFR-2, 0.5% D-
Al
2% He-2.
Circulated to surface with
8.5% excess.

NIA

4in, 11,60 bl N-BO |

jniernaly Coaled
withTK-15 Epoxy
Coating
& 2862 #

Balker Modsl "A" Reirleva
15 with seal jocator
assembly
Top @ 2862 4

2900

inhibited NaC! bring with
pH adjusied o 10




TABLE 7-1 (Continued)

Data for All Wells
Injection Pressure.

Average/Maximum 7EOERE psin
injection Zane Lithology Sandsions, Sitstone, Dolomite
Confining Zene Linclogy Shale and Dolomite
Formation Fluid ‘

pH 88-7.3

Specific Gravity 1.675

Tamperature o8"F
injectate

pi 45-80

Specific Gravity 1.015 - 1.08

Temperaiure 80° - 105°F
Volume (gpm) i

AverageWell 140
. Maximun/Anet 240

instantzneous Maximum 580

(per sie)

*AF slevations are provided with respact fo KB

® Top of the injechion interval is equivaient fo the sasing shos of the protection casing,

* praposed casing sefing depth after workover On WIDW No. 1.

T\WDW Mo, 2, WDW No. 3, and WOW Mo, 4 will be plugged from iptal depth with cement.
® W/A = not applicabls.
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INEOS USALLC
Lima, Ohio
WDW #3

ATTACHMENT D

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



INECS USA LLC
Lima, Ohio
WDW #3

ATTACHMERNT D

[ Operation and Reporting Requirements



OPERATING, MONITORING AND REPORTING REQUIREMENTS

WDV #3
MINIMUM MINIAUM
MONITORING REPORTING
CHARACTERISTIC LIMITATION REQUIREMENTS
REQUIREMENTS
Maximim Minimum Freguency Freguency
*Maximum Aliowable 840 psig continuous
Injection Pressure
Not to be exceededed
*Bottomhole Pressure gmax 2102 psi
Annuius Pressure 50 psig higher than continuous monthly
injection pressure
throughout entire
tubing
Flow Rate {combined wastestream) continuous mornthiy
Flow Rate (Fort Amanda wastestream) ‘ continuous monthiy
“Elow Volume (combined wastestream) continuous morithly
Flow Volume (Fort Amanda wastestream) coniinuous monthly
Temperaiure continuous monthly
Sight Glass Level daily monthly
Corresponding Annuius Pressure ‘ daily monthly
Corresponding Waste Temperatures daity monthly
Corresponding Injection Pressure daity monthly
Corresponding Flow Rate : daily monthly
Cumulative Volume (combined wastestream) daily monthly
Cumulative Volume (Fort Amanda wasiestream) daily monthly
Specific Gravity every 4 hours  monthly
pH (combined wastestream) weekly monthly
pH (Fort Amanda wastestream) . weekly monthly
=+Chemical Composition of [Injected guarterly monthly

Fiuid] combined wastestream
==rMEK concentration in Fort Amanda wastestream guarterly monthly



*Injection Pressure:

“Flaw Volume:

MASIP = 2803 x [0.75 - (0.433 x 1.04)] where:
0.75 = applied fracture gradient in psifft
1.04 = fluid specific gravity (maximum)
2803 = depth to the top of the injection interval in
feet

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

BHP may = (0.75) (2803)

The combined morithly injection volume for the site must not
exceed 24 million galions.

=+ Chemical Composition: Chemical analysis shall be conducted for parameters

T MEK:

which characterize the wastewater and in accordance
with the Sampling and Waste Analysis Plan after it is
approved by the Director. Attach quarterly analysis
onto monthly report each month.

Quarterly sampling of the Fort Amanda wastesiream shall be
conducted in accordance with the Waste Analysis Plan.



INEQS USA LLC
Lima, Ohio
WDW #3

ATTACHMENT D

I, injection Well Monitoring System
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INEOS USA LLC
LLima, Ohio
WDW #3

ATTACHMENT D

il Wastes Permitted to be Disposed in INEOS
USA LLC Class 1 Injection Wells
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Table 2B-]
Waste Sireams to be Managed in the Undereround Iniection Sysiem

Bottom stream from the wastewater stripper in the production of acrylonitrile (Ko1ty
Bottom stream from the recovery column in the production of acryionitrile (KO13);
Baich Still Bottoms from the production of acetonitrile (K014},

%1l Kettle pump out from the production of acetonitrile;

Botioms from the brine stripper from the production of acetonitrile;

Bottoms from acetonitrile drying column #rom the production of acetonitile;
Copdensed overhead streams from the production ol acetoniile;
Crude-Offspec acetonitrile streams;

Characteristically corrosive wasieweaters {D0G2);

Wastewater from the catalyst manufacturing it

Regeneration wash water from e resin meatment of roduct acryloriirile;
Stormwater pond overfiow;

Canstic or acid from equipment cleaning;

Offspec products from the manufacture of acrylonitrile (U009/P083);
Unsaleable co-product acetonimile from the manufacture of aceionimile (U003
Contaminated groundwater and multi-source leachate (FO3%)

Ammonia blowdown;

Scrubber water,

Siopwater from the acryloniirile process arez;

Contaminated Stormwater from the process area,

Purep seal water from the acrylonitrile process ares;

Water from the loading / unloading area sump,

Contaminated groundwater;

Contarmninated water from site rem gdiation activities;

Equipment washwater,

Laboratery chemicals;

Wasiewaters generated during mainteniance activities in the nifriles area;

Wastewater from the manufacture of ¢ sanide dertvaives at Fort Amanda 5 scialiies including
g=-

washwaters, slopwaters, iab chemicals, etc.



Wasie Cades fo by bisnaged in the Underground Infesiion Svatem

i Tottom sirean, from tbe Wastewaler sWpper . (e production of servioatiriie;
T . Botiom sirean: fom (bs fecovery cnlnmey it the preducton of acryioniiriie;
14 " Biageh sl botioms fromy the preducton of gestopiiniis;

403 Tgmbizbliiny .

DosE - Charasteristically camosive Wagiewaters,

Degs - Cyanides '

g} el
4
=2 B
po fra et

DOus - Arsenie
DGE - Cafminm

TOGT - '
DhUE -
Done - Vs

D0ig - Selenium

fosiewaters containing teors than S Mgl chrommiumy,

A =]
i
o4
&,

Dell o - Shbver
TGLE - Wastewaisr containing wors (ban 0.5 mg 1 benzens,

TILE - TR
DgLe - f

Carpon, ipirachionds

ogss - wiathyt Byl Ketone

DO3E - Wastewaier contsning mors m § mg'l prridine

Desg - Eyridins X :

FEIE - Contaminaied sroundwaier/ Tuli-suurss feasihats,
0o - iulit-sourss lsashats

g g

[o]
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& &
& D
1H AR N
4 3

Auroletn

L5 alicohot
Cyanids Salle
Bydraesn cyanide

g b 3

gl
e

EYCI P )
a 1

(S Arsions Cyenelydoie
POSE - Bomeshug crapide

FLOL - Froploniirie

; - Sodium cyanids

. Vanadium Ponioxics

et - Acetaldshyds

F Lestons

s - Aesoniciie

TRT - Aoryiamide

ons - &oryiic ackd

e - Afrvionitriie

og - Benzens ' . -
Vo4 - " Chioroforms '
sy - Croteraldehyie

Tiss - Cyclolienans
Cyciohasanons

- Wisthylens shiuride

Sty acstate
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Tvpical and Maximin

Table 28-3

Concentrations of the Main Contamin

ante of the Comingled

Injectate be Managed in the Ungereround In

jection Svysieln

- Acetamide

. hcetaldehyde

- Agetic Acid

5 Acetone’

. Acetone Cyanohydrin
- Acetonitrile
crolein

- Acrylemide

L Acrylic Acid

L Acryionitrils
Allyl Alcohot
Henzene
Crotonaldehyde
Crotonitriie (Allyl Cyanide)
Formic Acid’

. Formaldehyde

| Formamide

. Fumaronitrile

- HCN (Free)

- HCN (Total)

- isopropyl Adcohol
| Maleonitrite

| Methanol

. Miethvacrylonitrile
Methylethyl Ketong
| Rsthyl Pyridine

. WMalononitrile
Micotinonitrile (3-Cyanopyridine)
. Propionitrile

. Pyrazole

| Pyridine

- Sodium Cyanide
Succinoniriie
Antimony
Arsenic

| Barium

Cadmium

. Chromium

| Cobalt

| Lead

- Nickel

- Miercury

- Strontium
Seientum

L Vanadium

Silver

Zinc

75-86-3
75-05-8
107-02-8
75-06-1
79-10-7
F07-13-1
167-18-6
T1-43-2
41770-30-3
108-75-1
$4-18-6
50-00-0
75-12-7
17656-08-6
67-56-1
74-50-8
67-63-0
§28-53-0

100-54-9
107-12-0
288-13-]
§10-86-1
143-33.9
110-61-2
7440.36-0
1440-38-2
7440-38-3
7440-43-9
7440-47-3
7440-48-4
7439-62-1
7440-02-0
1439-97-6
T440-24-6
7782-49-2
1440627
7440224
7440-66-6 ]

5,000
10,000
1430
250
250
500
1,500
500
1,000
500
300
1,500

wn

[T T NG T TN NG N B NG O [ VS D
haoln LA LA LA LA L LA L




| Vanadium Pentoxide

* hesumed Wionthly maiimum aVErEe

- Glyeolonitrile 107-16-4 1,000 15
- Witrilotriacetonitrile {or acid) 7327-60-8 250 13
| Hexamethylenetstramine (or acid) 100-97-0 250 [
IDAN (or acid) 528-87-5 250 15
- DVH 77T 250 i3
- MEH 5394-36-5 258 i5
. SDTN {or acid) 5766-67-6 250 15
| PITN (or acid} 11057-45-9 250 15
' Gthyl Acetate 141-78-6 25 i3
| Oleic Acid 112-80-1 250 13
| Oleoylsarconsinate 110-25-8 250 i5
: Disthylenetriaminepentaacetic acid 85959-68-8 230 15
- 4-Butanediol (10~ 4 3,500 <50
' 1,3-Butanediol 167 ~FE-O 250 <50
1 3-Propanediol %4k 500 <50

| 2-Propanediol ST %7 ¥ 15 <50
' Butyrolacione 16~ %€ -0 1,250 <50
3 Tetranydrofuran -10%~¢ -5 1,250 <50
‘Bthanol - LY~ - F 500 <50
propancl 1V LT 500 <50
CBuganol 1l BTV 1,000 <50
- Beanstrict 1,000 <30
| Succinic Acid -1 O- (56 200 <50

concentration
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INECS USALLC
Lima, Ohio
WDW #3

ATTACHMENT E

CORRECTIVE ACTION PLAN



8.0

ARTIFICIAL PENETRATIORS

INEQS has slected © research all arfificial penetrations within a nominat radius of 40 miles. This
radius extends well beyond the furthest extents of both the 40.000-year projection of lateral plume
migration and the Cone of influsnce (Section £.0). In the preparation of this section, the main
source of information regarding all oil and gas wells in Ohio was a Compuier database compiied by
the Ohio Department of Natural Resources, Division of Mineral Resources Managament (ODNR
OMRN). Staff of this agency provided a subset of this database that listed welis within a 15-mile
radius. This larger radius was selected because focalion information for some wells is limitzd 0
fisting the fownship, Townships are generalty 6-mile-by-6-mile squares. Thus a 15-mile radius was
considered adequate to eNCOMPaSE the *nominal’ 1C-mile radius cited above. Wells in the ODNR
DMRW database within 10 miles at the INEOS site are listed in Appendix 6-1. Wells for which Ohio
State Plane coordinates are listed in the ODNR DMRM database ars plotied on Drawing B-1.
Permit numbers on Drawing B-1 are lisied in Appendix B-1.

Table 6-1, the list of wells deeper than 1800 fest (sub-1800 foot wells) was updated fo April 2010,
Wall records are provided in Appendix &-2. Wellbore schematics for the sub-1800 foot wells are
provided as Figures 6-1 through 6-8. No wells penetraied 1800 feet since the last records search
(1998). In agdiiion, map PG-2 (Revised 8/2004), which plots weils dritied balow the Knox Dolomite
published by the ODNR, DGS, was utilized (Figure 6-10).

As shown in Tabie &-1 and on Figure 8410, the only welis within the 10-mile AOR that have
recorded depths below the base of the Knox Dolomiie are the INEOS injection wells and the
Hubbard, D-1, Permit No. 80868 in Table 8-1. :

in the records search performad for the 1291 No Wigration Petition, wo welis were found permitied
zs D-1 and D-2, which reportedly had fotal depths of 2630 feet and 1851 feet, respectively (Table &-
1). Records for these wells are considerad io be sufficiently incompiete, that further research was
warranted. The staie of remords and other information is discussed below:

o The permit numbers sor these wells do not fit the normal ODNR numbearing sequence,

suggesting that their status &s existing wells is provisional.

o The D-1 well (2630 feef) does not appear on the PG-2 Wap (Figure 510} of sub-Knox
Dolomite wells.

o in an attempt to verify that the wells permitied as D-1 and D-2 ware ever drilled, a field
investigation was rmade on August 14, 1881, The D-1 well, logged by Hubbard, is located
in Section 18, Auglaize Township, Allen County, and approximatety 8 miles southsast of
the plant's injection wells. There is no evidence of this well location anywhere on the
tarm based on interviews, and the present resident of 40 years does not recall such a
well. The fract of land has been in his family for many years and there is no knowledge
of 2 weli ever having been driliad on this property.



e A fieid reconnaissance was also made of the well permitted as D-2 {the JW. Seliers No.
& well). The record of ig welt is very limited with no iocation indicated on the card
record. Maps of the Ohio Hisiorical Society were reviewed and it was determined that
the location of the No. 5 well agreed with ihe current (as of 1887 Shawnee fownship
map, For investigative purpdses, ihe No. 6 well location was acsumad to be correct on
the current map as of 1001, Assuming this io be correct, the Seiiers No. 5 well location is
approximately 2.8 miles south of the plant in & small fot subdivision. . There is no
evidence of 2 well having heen driled on these propariies from the Tield reconnaissance
trip.

Based on the existing records, D-2, with 2 total depih of 1951 feai, does not penetraie the gonfining
sone. The iotal depih of D-1, 2630 feet, is close to the fop of the injection interval. However, the
jocation of this well, approximately 8 miles east-southeast of INECS, i outsige the cone of
influence, and conseguently outside the arsa of review as narrowly defined by conservalive non-
endangerment critefia. it should be noted that the {0-mile radius was an arbitrary and over-
conservative choice for the area of investigation of artificial penetrations.

It should be noted that many of the wells spotied on the maps on-file with the state, and listed in the
ODNR DMRM database, do not nave iotal depths assignad 1© therm. This is because many wedlls
ware drilled in the late 1800's and early 1200's bafore accuraie records were kept. As discussed in
the following secfion, fhe oil produciive interval in the ADR s the Trenton Limestone at
approximaiaty 1250 fest As the Trenton Limestone was the objective of the early wells that lack
records, it is extremely doubtful that any early weill penetrated the sub-Knoy Dolomite formations
(injection zone) as there was no sub-Trenton production then and therz has neverl Baen sub-
Trenton production established in the area of the AQR.

in conclusion, it has been determinad through an update of oil and gas recorts, incorporation of the
ODNR DGS Map PG-2, and fizld reconnaissance that walls documented o have penetrated the
injection zone within the cone of influsnce of the INEOS injection wells do not pose issues for
corrective action, If well D-1 exisis, this wellbore wiit not experience pressurizafion sufficient to drive
vertical migration because it i located outside of the cone of influence.

Corrective Action Plan

As indicated above, NO corrective action is reguired for wells within the ACK.

Water Well Search

Water well locations are plotied on Drawings 5.2 &-3, and 5-4. Topographic maps (USGS guad
shests) with water well jocations through 1966 were copied at the ODNR, Division of Water and
Jtilized for Drawing 6-2. Revised locations of wells dritied to September 2004 were downloaded
from the ODNR, Division of Water database and plotied on the fopo map pzse and shown on
Drawing 6-3.  Localions of wells drilled from Septembar 2004 through mid-April 2010 were
downloaded from the Division of Water database and were plotied on Drawing 5-4. Monitoring well
locations at the INEOS facility are also provided on Drawing 2-1.



Winves, Karst Areas, Fiood Areas ahd Other Features

Several quarries and grave! pits are present within the AOR (Drawings 6-2 and 6-3). According 10
the Ohio Mineral Industries Report, 2002, these exiract sand, gravel, imesione and dolomite for
varous indusirial purposes. These will not be affected by injection operations. Wo coal mining
occurs in western Ohio and mines are not present in the AOR.

The area of the AOR 18 sovered by Pleistocent glacial deposits which ovarlie Silurian fimestone
and dolomite. The map of Ohio Karst Areas (Figure 8-11) doss not include karsting in the AOR.

The Twin Lake, L.ost Craek, Metzger, Lima and Ferguson Reservoirs are present o the noriheast of
the INEOS faciiity (Drawings 6-2 and 5-3).

Appendix 8-3 is @ 100-year floodplain map that demonstrates that the INEOS facility is not focated
in an area subject io flooding hazard,

Hydrocarbon storage caverns are located adjacent fo the INEOS facifity, iv the southeast None of

these is greater than 1800 feet deep. Information regarding these wells is included as Appendix 6-
4.

Oif znd Gas Resources Within the AOR

The Trenton Limasione al approximately 1250 feet is produciive of oil and gas within the 10 mile
AOR (Drawing 6-1). Trenton Limestone production is part of the giant Lima-indiana Trend, which
includes 60 actual individuat fieids, and exiends for 185 miles from Toledo, Ohio southwestward o
Indianapolis, indiana (Figure 8-12: Wickstrom, et al, 1282).

The Lima-indiana Trend was exiensively drillad in the late 1800's to early 1900's with paak
production in 1885 {Figure 8-13). BY 1810, the fields were jargely dspleted (Wickstrom, et al,
1982).

No formations below the Trenion Limestone are productive of oil and gas within the AOR., No
commercial ol and gas production has been established from any sub-Knox Dolomite formations in
Ohio (Rarms and Baranoski, 1896). Thereiore, there has been no commercial oil and gas
proguction from the confining or injaction ZoNes.

8-3
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ATTACHMENT F

OUALITY ASSURANCE ACKNOWLEDGMENT

| hereby affirm that all chemical data submitted for Injection Well Permit No. *
is of known guality and was obtained from samples using methods prescribed in the

Ohio EPA Quaility Assurance Plan and the “Waste Analysis Plan’, developed as

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

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

Dafe Authorized Agent Signature

¥

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

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



50 WASTESTREARM JUSTIFICATION

Section No. 59(E)
(C) The owner or operator wifl provide a certification that states:
(1) The generator of the hazardous waste has a program {0 recuce the volume or
guantity and toxicily of such waste fo the degree defermined by the generafor o be
economically practicable; and
(2) Injection of the waste s that practicable method of disposal currently available to the

generator which minimizes the present and future threat to human health and
environmefit,

Summary

Altarnative handiing and disposal options for process wastewater from the oroduction of
aorylonitrile have been extensively studied by INEQS., Options io reduce wasies
generated by the process (waste minimization) have been evaiuated as well as opfions
tor slimination of deepwell disposal thai rely on above ground treatment and disposal
techriquas. The resulis of this investigation show that while aliernatives fo deepwell
injection may exist, these alternatives are less protective of human heszlth and the
environment and are not readily capable of being put into practice due 0 technical
imitations. Furthermore, waste minimization was found io be the best approach, as
currently practiced at the Lima Chemical plant, when practiced in conjunction with
deepweli injection.  Since approximately 2.5 pounds of water is generated for each
pound of acrylonitriie produced, water will always need to be disposed of from the
process even with sfficient waste minimization.

The viable surface freatment options tor elimination of deepwell injection involve
incineration of the entire wastewater siream Of imcineration of polymers formed in the
production of acryionitrile sfter separation from the wastewater. in addition, alt of the
ireatment options considered result in significant alr emissions, surface water poliution
and generation of industrial sludge which must be either landfilled or incinerated, all of
which may result in-exposures {0 the pubfic. In comparison, despwell injection does not
resuli in these environmental negatives and exposure of poliution 10 the public.
Therefore, it is concluded that despwell injection of wastewater at the Lima Chamical
plant is the practicable method currently available which minimizes the present and
suture threat to human health and the environment.

INEOS hereby requests that this section be inseried in the permits 0 operate in
accordance with OAC Rule 3745-34-59(E).



Background

Al of the acryloniirite manufactured in the United States is produced using the Sohio
ammoxidation method. This involves the reaction of air, ammonia and propyieng in a
fluidized bed catalytic rsactor. \Wastewater is generated in the process due fo the
siolchiometry of the reaction (approximately 2.5 pounds of water is made for each
pound of acrylonitrile) and the use of sulfuric acid in the guench step to remove exXcess
ammonia from reactor effluent gases. Currantly all producers of serylonifrile in the U.S,
use deepweli injection for wastewater disposal because no practicable option exists and
all of the production sites are located where the local geology is well suited for
underground injection.

Since the Lima site first starfed operation of the acrylonitrile unit thity years ago,
Aumerous alternatives for wastewater handiing and disposal have been evaiuated.
Deepwell injection was first practiced in 1968 and eliminated the environmental
emissions associated with the previous operations, which was discharge of dilute
process wastewater 10 the Ottawa River which creaied water quality problems, and the
incineration of the contaminated process wastewater which resulied in tfremendous NOX
and SOx emissions. Alternatives that are technically available are full incineration of the
wastewater and use of process modifications to vield biotrsatable water for surface
discharge and incineration of the organic polymers. These will be described in the next
section along with the other handiing and disposal alternatives that have been studied
~over the years and have been found not to be ischnically availabie for implemeantation.

Deapwell Alfernatives

INEOS had a research program that has evaluated and studied alternatives 1o deapwell
injection for disposal of acrylonitrile production wastewsater. information on alternafives
has baen gathersd over the years srom a number of sources. These include contact
with other acrylonitrile producers, the Nasional Technical Information Services (NTIS) of
the U.S. Depariment of Commerce, contact with universities and privaie research
foundations, eauipment vendors, and various internal searches of iiterature and
research databases. This has yielded & comprehensive list of technologies that could
be applicable to treatment and disposal of acrylonitrile wastewater. The technologies
‘dentified fall into the following categories:

e process changes which afier the nature and troatability of the wasies

e incinarafion ‘

s biological freatment methods
physicalichemical sreatment methods

@



s combinations of the above

The next step was o identify the technologies within these calegories that are avaiiable
and demonstraied for treating acrylonitrile production wasiewater. This yielded the
following opfions:

o liguid incineration with tail gas desulfurization

« process changes with surface treatment of the wastes - biological treatment
of water: incineration of organic polymers; and; separation of ammonium
suifate salt.

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

incineration

Incineration is a proven technology for treating & variety of organic bearing wasies,
espacially liguid or water-based wastes that fiow freely. However, when incinerating
acrylonitrile production wasiewater, the sulfate salt content (4-5% ammonium sulfate)
and high nitrogen conient require desulfurization of the incinerator tail gas and use of
low-NOx t=chnology to minimize SOx and NOx emissions. Although this fechnology
appears available, there are no operating units which have demonsirated the low-50x
and NOx technology on acrylonirile oroduciion wastewater, Furthermore, since the
wastewater contains only 1% organics and & high sulfais level, a tremendous amount of
fus! will be needed fo fully combust the wastewater and the desulfurization step wil
generaie tremendous guantities of sludge (solid wasie), not to mention the sizable
increase in total NOx emissions that would be generated.

The permitting of an incineration option has been reviewsd and it is anficipated that
obtaining a hazardous waste incineration permit will take more than seven years and
thousands of man-hours of time,  Clearly, the availability of this alternafive to deepwell

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

Based on the above discussion, it is concluded that incineration or any aliernative that
refies on incineration as 2 component of that alternative is not a viable or practicable
method available 1o sliminate despweli injection. '



Brocess Changes With Surface Treatmeant of Wastes

INEOS has identified process changes that could be made i the acrylonitrile process
that would minimize and alter the waste streams that are generated. These process
changes would accomplish three things - (1) concantration of the organic polymers in
one stream for incineration; (2) concentration of the ammonium sulfate salt in ancther
stream which could then be crystaliized; and, (3) production of a wastewater stream with
limited organic concentration which could be biclogically freated for surface water
discharge. Although all of these process changes have not been implemented at any
acrylonitrile plant, each of the various changes appear technically feasibie and could be

practiced simultaneously for elimination of underground injection of acrylonitrile
wastewaier,

The implemantation of these process changes as an alternative fo geepwell injection is
not considered a practicable option at this time for three reasons, First, as discussed In
the last section, addition of new incineration capacity is required jor this opfion and is
not a practicable method currentty available. Second, the ammonium sulfate salt from
the process changes would have to be landfilied as hazardous wasie since the salt is
derived from a hazardous wastewater. This approach would be a cress media transfer
since it merely replaces underground injection of these salts with landfilling which is not
considered as environmentally protective. Lastly, the "clean” wastewater that would be
biologically treated would have fo be discharged to the Ottawa River which is a water
quality fimited stream. Introduction of a new discharge would be critically reviewed ana
the effiuent from treatment wouid have to meet water guslity standards. Treatment of
this water to water guality standard is not proven technoiogy and is not a demonstrated
aliernative.

In conclusion, the process changes that could be implemented 1o aliminate underground
imjection of acrylonitrile production wastewater are not considered available practicable
approaches.

Fort Amanda Specialties Deepweli Alternatives

The Fort Amanda Specialties waste streams are very similar to the acrylonitrile process
wastewater i.e., they contain ammonia, sulfate, cyanide and nitriles.  Due fo their
similarity, the same alternatives for waste handiing and disposal apply, as well as
fimitations to implementation.



Conciusion

Basaed on the discussion above, no practicable methods were identified that are
available to eliminate underground injection of acrylonifrile production wastewater from
the Lima Chemical plant. INEQOS hereby certifies, as required by Ohio Administrafive
Code (DAQ) 3745-34-59(E), that no practicable aliernatives to deepwell disposal exist
for the Lima Chemical plant. INEQS is commitied, however, to continue investigating
options to despwell injection and oplions that minimize the wastes generated from the
acrvlonitrile process.

Waste Minimization Certification

In accordance with requirement Part 1i(H) of the above-referenced permits {o operais
2nd Ohio Revised Code Section 8111.045, INEOS has preparsd and forwarded to the
Ohio EPA the latest revision and update of the faciiity waste minimization plan in 2008,



