OHIOE.PA. -

JAR2T |
OHIO ENVIRONMENTAL PROTECTION AGENTERED DIRECTOR'S Journay

DIVISION OF DRINKING AND GROUND WATERS,

UNDERGROUND INJECTION CONTROL PERMIT 7O OPERATE:
CLASS | HAZARDOUS WELL

Ohio Permit No.: UIC 03-02-003-PT0O-1
US EPA ID No.: OHD 042157644
Date of Issuance: January 27, 2011
Effective Date: January 27, 2011
Date of Expiration: January 27, 2016 T, LA
Name of Applicant: INEOS USA LLC
Waste Disposal Well No. 1
failing Address: P.O. Bex 628
Lima, Ohie 45802-0828
Facility Location: | 1900 Fort Amé‘mga Road
Lima, Ohio 45804
County: Allen Township: Shawnge
Section, Quarter Section: Section 2
Latitude/Longitude: 40°42'59"N/84°07'41"W
injection intervat: gau Claire and M, Simon from 2783 to 3220 feet (KB)
Containment Interval:  Eau Claire from 2430 to 2783 feet (KB)
injection Zone: Eau Claire, Mt. Simon, and Middle Run from 2430 to
3220 feet (KB) _
Confining Zone: Knox from 2107 to 2430 feet (KB)

Pursuant to the Underground Injection Control rules of the Ohio Environmental Protection
Agency codified at Chapter 3745-34 of the Ohio Administrative Code, the applicant
(Permittee) indicated above is hereby authorized 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 INECS USA LLC



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

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

This permit shall become effective on JAN 2 7 70h and shall remain in full force
and effect during the life of the permit, unless 1) the statutory provisions of Section 3004
(9, (g) 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
sections which withdraw or otherwise condition the authorization in this permit; or 3) this
permit is otherwise revoked, terminated, modified or reissued pursuant o 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 reguiations.

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

the date of expiration indicated.

Scott J. Nally, Difector
{Ohio 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, operate,
maintain, convert, plug, abandon, or conduct any other injection activity in a manner
that allows the movement of injection, annulus or formation fluids into underground
sources of drinking water (USDW). Any underground injection activity not
specifically authorized in this permit is prohibited. Compliance with this permit
during its term constitutes compliance for purposes of enforcement, with Sections
6111 043 and 5111.044 of the Ohio Revised Code (ORC). Such compliance does
not constitute a defense to any action brought under ORC Sections 6108.31,
6109.32 or 6109.33 or any other common or statutory law other than ORC Sections
5111 043 and 67111.044. Issuance of this permit does not convey property rights of
any sort or any exclusive privilege; nor does it authorize any injury to persons of
property, any invasion or other private rights, or any infringement of State or local
law,

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

PERMIT ACTIONS

1. Modification. Revocation, Reissuance and Termination. The Director may,
for cause or upon reguest from the permitiee, modify, revoke, and reissue, or
terminate this permit in accordance with OAC Rules 3745-34-07, 3745-34-
23 and 3745-34-24. Also, the permit is subject fo minor modifications for
cause as specified in OAC Rule 3745-34-25. The filing of a request for a
permit modification, revocation and reissuance, or termination, or the
notification of planned changes, or anticipated noncompliance on the part of
the permittee does not stay the applicability or enforceability of any permit
condition.
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2. Transfer of Permits.  This permit may be transferred to a2 new owner or
operator only if it is modified or revoked and reissued pursuant fo OAC Rule
3745-34-22 (A), 3745-34-23 or 3745-34-24, as applicable.

SEVERABILITY

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

CONFIDENTIALITY

in accordance with 40 CFR Pari 2 and OAC Rule 3745-34-03 any information
submitted to the Ohio EPA pursuant fo this permit may be claimed as confidential
by the submitier. 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 be tendered and the validity of the claim
will be assassed in accordance with the procedures in OAC Rule 3745-34-03. lfthe
documentation for the claim of confidentiality is not received, the Ohio EPA may
deny the claim without further inguiry. Claims of confidentiality for the foliowing
information will be denied:

1. The name and address of the permittee; and
2. information which deals with the existence, absence or level of
contaminants in recelving 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 3745-34-18. Any permit noncompliance
constitutes a violation of ORC Chapter 6109 or 8111 and is grounds for
enforcement action, permit termination, revocation and reissuance,
modification, or denial of a permit renewal application. Such noncompliance
may also be grounds for enforcement action under other applicable state and
federal law.

2. Penalties for Violations of Permit Conditions.  Any person who violates a
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permit requirement is subject to injuncfive refief, civil penalties, fines, and/or
other enforcement action under ORC Chapter 8111, 6109 or 3734, Any
person who knowingly or reckiessly violates permit conditions may be subject
to criminal prosecution.

Coniinuation of Expiring Permits.

a. Duty to Reapply.  If the permittee 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. Sermit Extensions. The condition of an expired permit shall continue
in force in accordance with ORC Section 119.06 until the effective
date of a new permit, if:

i. The permittee has submitted a timely and complete application
for a new permit; and
if. 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 Director may:

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

ii lssue a notice of intent fo 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 to
enforcement action for operation of a Class | hazardous
injection well without a permit;

i, lssue a new permit under ORC Section 6111.044 with
appropriate conditions; or

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

Need to Halt or Reduce Activity Not a Defense. It shall not be a defense,
for a permittee in an enforcement action, that it 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 a court of
appropriate jurisdiction. '

Duty to Mitigate, The permittee shall take ali reasonable steps fo minimize
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or correct any adverse impact on the environment resulfing from
noncompliance with this permit. This may include accelerated or additional
monitoring or testing or both. If such is 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 to 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 requires the operation of back-up or auxiliary faciliies or
similar systems only when necessary 1o achieve compliance with the
conditions of this permit.

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

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

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

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

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

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



10.

Records.

a. 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.

b. The permitiee shall maintain copies of records of all data required to
complete the permit application form for this permit and any
supplemental information submitted under OAC Rule 3745-34-12 for
a period of at least five (5) years from the date the application was
signed or for the duration of the permitted life of the well, whichever is
longer. This period may be extended by request of the Director.

c. The permiitee shall retain copies of records concerning the nature
and composition of all injected fluids pursuant to Part FE) (10) of this
permit until three (3) years after the completion of well ciosure which
has been cartied out in accordance with the approved closure plan,
and consistent with OAC Rule 3745-34-61 (F) (3).

d. The permittee shall continue to retain such copies of records after the
retention period specified by paragraphs (&) to (c) above, unless he or
she delivers the records fo the Direcior or obtains written approval
from the Director to discard the records. Records of monitoring
information shall include:

1. The date, exact ptace, and time of sampling or measurements;

i The name(s) of the individual(s) who performed the sampling
or measurements, '

i, A precise description of both sampling methodology and the
handling 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 technigues or methods used; and
vii. Al results of such analyses.
Monitoring.  Samples of injected fluids and measurements taken for the

purpose of monitoring shall be representative of the monitored activity.
Monitoring results shall be reported monthly in accordance with OAC Rule
2745.34.38 in a format acceptable to the Director and as set forth in
paragraph 12 below.



11.

12.

Monitoring the nature of injected fluids shall comply with the
applicable analytical methods cited and described in Table | of 40
CER 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 criteria shall be made
wherever possible. -

Sampling and analysis shall comply with the specifications of the
Waste Analysis Plan required in Part 1 (D) (3) of this permit and CAC
Rule 3745-34-57.

Signatory Requirements.  All applications, reports or other information,

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

Reporting Regujrements.

a.

Planned Changes. The permittee shall give written notice to the

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

additions 1o the permitted facility. Replacement of equipment that is

eguivalent to existing equipment is not included in this requirement.

Anticipated Noncompliance. The permitiee shall give advance notice

to the Director of any planned changes in the permitted facility or

activity which may result in noncompliance with permit requirements.

Compliance Schedules. Reports of compliance or noncompliance

with, or any progress reports on, interim and final requirements

contained in any compliance schedule of this permit shall be
submitted in writing no later than thirty (30) days foliowing each
schedule date.

Twenty-four (24) Hour Reporting.

L 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
fiuid migration into or between underground sources of
drinking water; or

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

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

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

Other Information. When the permittee 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 repott to
the Director, the permitiee shall submit such facts and correcied
information in writing within ten (10) days.

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

Within thirty (30) days of receipt of this permit, the person designaied
as responsible for submission of reports pursuantio OAC Rule 3745-
34-17 shall certify to the Director that he or she has read and s
personally familiar with all terms and conditions of this permit. The
Director shall be notified immediately, in writing, if the designee or
nosition 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 included in Attachment A of this permit. This nlan 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 before implementing this Pian. The
permittee shall maintain and comply with this Plan and all applicable closure
requirements, 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 Plan. The permiitee 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 (80) calendar days before closure,
uniess a shorter period is approved by the Director.

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

Temporary Disuse. A permittee who wishes {o 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 follow to ensure that the well will not endanger USDWs
during the period of temporary disuse. These actions and procedures
shall include compiiance with the technical requirements applicable to
active injection wells unless waived by the Director.

The owner or operator of a Class | hazardous wasie 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 fime 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 welt was closed in accordance with Attachment A
of this permit; or
b. Where actual closure differed from Attachment A of this permit, a

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

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

specified by the Director and report this information to the Director;
b. Conduct appropriate mechanical integrity testing of the well to ensure
the integrity of that porfion of the long string casing and cement that
will be left in the ground after closure. Testing methods may include:
i Pressure tests with liguid or gas;
it Radioactive tracer suiveys;
il Noise, temperature, oxygen activation, pipe evaluation or
cement bond logs;
iv. Any other fest 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 3745-34-62. The obligation to maintain financial responsibility for
closure survives the fermination of this permit or cessation of injection.

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

1.

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

This pian shali include the following informatfion:

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

point that the well's cone of influence no longer intersects the
notentiometric 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 post-closure care; and

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

@ "o o

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

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

Survey Plat.  The permitiee 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 submitted to the Direcior.

Notification to State and Local Authority.  The permittee shall provide
appropriate notification and information fo the Ohio Depariment of Natural
Resources - Division of Mineral Resources Management, the Allen County
Health Department, and any other State of local authority designated by the
Director upon plugging the well in accordance with the approved closure plan
reguired in Part 1 (F) of this permit.

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

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

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

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

. 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.

12
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Financial Responsibility for Post-Closure Care. The permitiee shall submit

" & demonstration of financial responsibility for post-closure care, as required

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

H. MECHANICAL INTEGRITY

1.

Standards.  Each injection well shall maintain mechanical integrity as
defined by OAC Rule 3745-34-34. The Director or his or her authorized
representative shall be present during the test for demonstration of
mechanical integrity, unless the Director or his or her authorized
representative waives this requirement before the test occurs. In accorgance
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 welt at
all times.

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

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

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

c. An approved temperature, noise or other approved jog shall be runin
sccordance with OAC Rule 3745-34-57 (1)(3) at least once every 36
months from the date of the last approved demonstration to test for
movemernt of fluid along the bore hole. The Director may reguire 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 (H)(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 fest's reliability,
or based upon the satisfactory results of a casing inspection log run
within the previous five years, The Director may reguire that a casing
inspection log be run every five years, if he or she has reason {0
believe that the integrity of the long string casing of the well may be
adversely affected by naturally occurring oF man-made events;

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

Brior Notice and Report.  The permitiee shall notify the Director of intent to
demonsirate mechanical integrity at least thirty (30) calendar days prior to
such demonstration. For those tests required in Part | (H) (2) (5, ¢, and d)
above, the permitiee shall submitthe planned test procedures to the Director
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 shali be submitted in
accordance with the reporting requirements established in Part If (E) (3) of
this permit.

Gauges. The Permitiee shall calibrate all gauges used in mechanical
integrity demonstrations to within one-half percent of full scale prior fo each
required fest of mechanical integrity or, barring any damage 1o the gauge,
every six (6) months. A copy of the calibration ceriificate shall be submitied
to the Director or his or her representative at the time of demonstration and
every time the gauge is calibrated. The gauge shallbe marked in no greater
than ten (10) psi increments.

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

Mechanical Integrity Testing on Reguest From Director. The permittee shall
demonstrate mechanical integrity at any time upon writien reguest from the
Director.

14
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FINANCIAL RESPONSIBILITY

1.

Financial Responsibility.  The permittee shall comply with the closure and

post-closure financial responsibility requirements of OAC Chapter 3745-34.
The permitiee estimates that the 2010 cost of closure and post-closure ofthe
four permitted Class | hazardous injection wells on site is $1,107,336. The
5010 financial assurance mechanism is provided in Attachment A of this
permit.

a.

The permittee shall maintain written cost estimates, in current dollars,
for the closure and post-ciosure plans as specified in OAC Cheapter
3745.34. The closure and post-closure estimates shall equal the
maximum cost of closure and post-closure at any point in the iife of
the facility operation.

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

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

i the revised closure and post-closure estimates exceed the current
amount of the financial assurance mechanism, the permitiee shall
submit 2 revised mechanism io cover the increased cost within thirty
(30) business days after the revision specified in permit condition 1 (1)
(b) and {c) above.

The permittee 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 inspection in
accordance with the procedures in permit condition Part t () (8) {b}of
this permit.

insolvency.  In the event of:

a.

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

Suspension or revocation of the authority of the trusiee institution to

P
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act as trusiee; of

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

The owner or operator must establish other financial assurance or iiability
coverage acceptable to the Director, within sixty (80) days after such an
event.

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

CORRECTIVE ACTION

1.

FEES

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

§3004 (u) of the Resource Conservation and Recovery Act.  The permittes
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
3745-34-63.
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PART H

WELL SPECIFIC CONDITIONS FOR UIC PERMITS

A CONSTRUCTION

1.

Siting  [OAC Rule 3745-34-51].  The injection well shall directly place
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 permitiee 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 G of this permit. Notification of any planned 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 take place only through approved tubing with an approved packer set
within the casing at the bottom of the long string casing at a point approved
by the Director immediately above or within the injection interval. Tubing and
packer specifications shall be as represented in engineering drawings
contained in Attachment C of this permit. Notification of any planned
changes shall be submitted by the permittee for the approval of the Director
before instaliation.

Wellhead Specifications. A guarter-inch (1/47) female coupling shall be
maintained on the wellhead, to be used for independent injection pressure
readings.

B. ' FORMATION DATA

1.

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

a. Formation fluid pressure;
b. Formation fracture pressure; and
C. Physical and chemical characteristics of the formation.
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In accordance with OAC Rule 3745-34-57 (J), the permittee shall monitor the
pressure buildup inthe 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
permittee’s four Class | injection wells is tested each year and each well shall
he tested at least once every forty-eight (48) months. This shallinclude, ata
minimum, a shut down of the well tor a time sufficient to conduct a valid
observation of the pressure fall-off curve. A nlan for such monitoring shall be
submitted for the Director’s review and approval at least thirty (30) days prior
to initiating monitoring or testing. The results of this test shall be used fo
calculate the following:

a. The transmissivity of the injection zone;
b. The formation or reservoir pressure; and
C. The skin effect.

The results of this test and the permittee’s interpretation of the results shall
be submitted fo the Chio EPA in accordance with OAC Rule 3745-34-58 (B)
and Part il (E) (3) of this permit.

C. OPERATIONS

1.

injection interval. Injection shall be limited to the Mt. Simon Sandstone and
the Eau Claire Formation in the approximate subsurface interval between
5783 feet and 3220 feet below kelly bushing (KB) for INEOS Weli No. 1.

injection Pressure Limitation {OAG Rule 3745-34-38(A) and 3745-34-561.
Injection pressure at the wellnead shall not exceed a maximum which shall
be calculated so as to assure that the pressure in the injection zone during
injection does not initiate new fractures or propagate existing fractures in the
injection zone. in no case shall injection pressure initiate fractures, or
propagate existing fractures in the confining zone, or cause the movement of
injection or formation fluids into an underground source of drinking water.
Bottom hole pressure shali be limited so that a maximum of 2087 psi is never
exceeded, calculated with a fracture gradient of 0.75 psiffoot applied at a
depth of 2783 feet KB. The injection pressure shall be limited so that a
maximurm pressure of 834 psig (measured at the surface) is not exceedead.
The maximum surface injection pressure limit shall be adjusted downward if
fluid specific gravity increases above 1.04, in accordance with the calculation
set forth in Attachment D of this permit. Downward adjustments in injection
pressure shall be made based on injectate specific gravity measurements
made and recorded at least once every four (4) hours.

Injection Volume Limitation. The combined monthly injection volume for all
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6.

permitted Class | injection wells at this faciiity‘shali not exceed 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 at the time
of the annual report. The only exception 10 this limitation is the injection of
non-hazardous fluids recovered from monitor wells and other non-hazardous

fluid required for approved well festing and/or monitoring.

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

condifions:

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

imes.

This 15 minute maximum fime allowance applies only to this permit
parameter and does not apply to any other permit parameter that is required
to be maintained continuously. All instances of deviation from the fifty psig
positive differential pressure are subject 10 reporting requirements listed in
Part I} (E) of this permit.

Automatic Warning and Shut-Off System.

a. The permittee shall continuously operate and maintain an auiomatic

warning and shut-off sysiem req uired by OAC Rule 3745-34-56 which

shall stop injection in the following situations:

I injection pressure measured at the wellhead reaches 834 psig;

1. Bottomhole pressure reached 2087 psi; and

ifi. When injection/annulus pressure differential falls below fifty
(50) psi, except during conditions specified above in Part 1t (C)
{5).

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

fulfill these requirements were submitted to the Director and approved
on March 17, 1985,
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b. The permittee 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 fo
simulated failure conditions and shall be witnessed by the Director or
his or her representative. The permittee shall notify the Director of
their intent to test the automatic warning and shut-off system at least
thirty (30) calendar days prior 10 such a demonstration. At the
gisoretion of the Director a shorter time period may be allowed. The
nermittee shall submit the planned automatic warning and shut-off
system test procedures to the Director for approval at the time of
notification.

c. If an automatic alarm or shutdown is triggered, the owner of operator
shall investigate immediately and identify as expeditiously as possible
the cause of the alarm or shutoff. If, upon such investigation, the wel!
appears o 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 of operator shalh
i, immediately cease injection of waste fluids unless authorized
by the Director fo continue or resume injection; and

it Take all necessary steps fo determine the presence or
absence of a leak; and

it Notify the Director within twenty-four.(24) hours after an alarm
or shutdown, in accordance with Part 1 (E) (12) of this permit.

Precautions to Prevent Well Blowouts. The permitiee 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 formafion 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 plug shall be
installed which can resist the pressure differential. A blowout prevenier must
be kept in proper operational status during workovers.

MONITORING

Monitoring Requirements [OAC Rules 3745-34-38 (B) and 3745-34-57 (A) -
(E)l. Samples and measurements taken for the purpose of monitoring shail
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 reguired by appiicable rule or this permit. The method used
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o obtain & représemativ
nrocedure for analysis ofth
and 1) of 40 CFR Part 261 or an equivalent m

Director.

s sample of any fluid to be analyzed and the
e sample shall be the one described in Appendix |
ethod approved by the

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

The combined wastesiream, comprise
wasiestreams, shall be analyzed no
parameters whi

ch include, at a minimum,

d of both INEOS and Fort Amanda
less frequently than quarterly for
those listed below. A final fist of

parameters is inciuded in the approved Waste Analysis Plan.

The total wastestream emanating from the

Fort Amanda facility shall be

measured weekly for pH. This measurement shall be performed weekly in

conjunction with the weekly grab sam

ple of the INEOS wastesiream

collected for pH, specific gravity, TDS, TSS, acrylonitrile, and acetonitrile.
Method and location of pH measurements shali be specified in the WAP.

Metals

Ammonium sulfate

Arsenic
Barium
Calcium
Chiloride
Chromium
Cobait
HCN (free)
HCN (total)
Magnesium
Nickel
Sodium
Strontium
Vanadium
Zinc

Organics Other

Acetone Alkalinity

Acetonitriie Carbon Oxygen Demand (COD)
Acrolein Conductivity

Acrylic Acid piH

Acrylonitrile Specific Gravity :
Acrylamide Total Dissolved Solids (TDS)
Benzene Total Organic Carbon (TOC)
Maleonitriie Total Suspended Solids (TSS)

Methyl Pyridine
Nicotinonitrile
Propionitrile
Pyridine

Results of the most recent analyses shall be submitted with each monthly
operating report. The report must include statements demonstrating that the
permittee is in compliance with the requirements of Part | (E) (10) and Part It

(C)(4) of this permit.

Waste Analysis Plan.

The permittee has developed a written Waste

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

a. The parameters for which each hazardous wastestream will be

analyzed and the rationale for the selection of these parameters;
b. The fest methods which will be used to test for these parameters; and
c. The sampling method which will be used o obtain a representative

sample of the waste to be analyzed.

The combined wastestream sampling location shall be at the sample tap in
the pump building. The location for weekly pH measurements of the Fort
Amanda wastestream shall be at the sample tap on the discharge of the
- transfer pump from Fort Amanda o the permittee’s deep well system. The
permittes shall identify the types of tests and methods used o generate the
monitoring data. The monitoring program shall conform to the one described
in the approved Waste Analysis Plan. The permitiee shall abide by the
Quality Assurance Form (Attachment F) of this permit. This form must be
complieted and submitfed 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
accurate and the analyses of any fiuid sampled remain representative.

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

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

Monitoring Wells.  The permittee submitted a ground water monitoring pian
for protection of the underground sources of drinking water. The latest
revision of this plan was approved by the Director on February 7, 1995, A
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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 cuirent corrosion
monitoring plan submitted by the permitiee was approved by Ohio EPA on
January 26, 2005, The permitiee 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 permitiee has completed a seismic
roflection data study to the Director’s satisfaction. The purpose of this
study is to establish the presence of absence of significant geological

 structural features such as faults ana/or fractures in the uppermost
Precambrian rock units and the overlying Paleozoic rock units within
ihe area of review at the Lima, Ohio, Class | injection well facility.

i the area of review for this facility changes during the operational life
of this well, the permittee shall re-evaluate the data obtained from the
axisting study. f after re-cvaluation of the existing data, the Director
determines the study to be inadequate 10 determine the presence or
absence of geologic faults or fractures within the altered area of
review, the permittee shall submit such additional seismic reflection
data as the Director determines fo be necessary.

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




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

1.

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

a.

b.

=

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

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

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

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

The results of continuous monitoring of injection pressure, annuius
oressure, flow rate and injectate temperature required in permit
condition Part 1t (D) (4). These data shall be digitized and submitted
on a single graph using contrasting symbols or colors for annuius
pressure, injection pressure, flow rate and injectate temperature,
Total fluid volume of the combined wastesiream injected daily,
monthly, and the cumulative volume of fluid injected for the life of the
well. Total monthly and cumulative fluid volume (galions) contributed
by Fort Amanda.

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

Annulus sight glass level readings noted daily at a specified time.
Eor each daily minimum and maximum injection rate reported, list the
corresponding injection pressure and annulus pressure occurTing
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.

Weekly determinations of (injectate) pH, including monthiy 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 to:
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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

il. A description of any event which triggers an alarm or shuidown
device required in Part 11 (C) (8) of this permit, accompanied by
a description of the response taken for each event.

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

Quarterly Report [OAC Rule 3745-34-581. The permittee shall report alt of
the following each calendar gquarter:

a. Results of the continuous corrosion monitoring system and an
interpretation of the results, as stipulated in Part 1l (D) of this permit,
within fifteen (15) days after the end of the quarter;

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

c. Results of waste analysis as stipulated inan approved waste analysis
plan required in Part i (D) (2) of this permit, within fifieen (15} days
after the end of the guarier.

d. Results of seismic monitoring, and an interpretation of the results,
required in Part 11 (D) (7) (b), within thirty (30) days after the end of the
quarter.

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

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

50 West Town Street, Suite 700

P.0O. Box 1049

Columbus, Ohio 43218-1048

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

CLASS | HAZARDOUS WASTE MANIFEST

Permittees injecting hazardous wasies which are accompanied by a manifest or
delivery document shall comply with the requirements of OAC Rule 3745-85-70 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
3745.34-17, has provided the certification required by Rule 3745-34-59 (E) of the
OAG, provided in Attachment G of this permit. in addition, the Plant Manager at
Fort Amanda Spedialties has provided certification required by Rule 3745-34-59(E)
of the OAC, included in Attachment G of this permit.

WASTE MINIMIZATION

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



APPERDIX 10-1

CLOSURE PLAN

This closure plan is prepared pursuant fo Rules 3745-34-08, 3745-34-36 and 3745-34-60 of the
Ohio Administrative Code and shali bz kept at the faciiity at all times.” INEOS will notify the
OEPA 3t isast B0 days before planned ciosure of the well(s), INEOS wili submit any proposed
significant revision to the method of closure reflecied in the plan for approvai by the Agency at
this time. Plugging and abandonment procedures involve the removal of the injection tubing
and plugging the entire long string casing with cement for protection of the subsurface
environmant and USDWs. Two cement plugs will be placed by ihe batance method and the
plugs shall be tagged and tested for seal and stability. The opan hole section will be filled with 2
haavy bentonite mud. Two cement plugs are used to minimize fluid column pressure on the
formation face during the plugging operafion.

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

2

Monitor pressure decay in the injection zone for & period of six months to determine if
injection activity has conformed with predicted values.

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

COMMEnce. Submit plan to plug with any updated changes and obtain permission to
proceed to plug. )

4. Displace the tubing and wellbore with sufficient fresh water to flush wasie out of the tubular
goods and nsar welibore area (minimum of 3 injection tubing volumes). Remove all flow
iines, associated eguipment and instrumentation from wellhead and immediate arsa.

5. Prapare Jocation, move in fig, pump, tanks, pipe racks, and work string.

6. Place heaavy well conirol fluid in one tank, Pump down tubing to kill the well. Release
nacker and pump heavy fluic down the annulus fo overbalance reservoir pressure, Install

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

7. Rig up wirefine service unit and run appropriate logs {0 assess the integrity of the protection
casing and the cemesnt that will remain in the weli(s). Run final caliper log and metal
thickness log, temperature log, cement bond iog on the long string casing and pressure test
the long string casing using a retrisvable packer assembly and & water filed annuius. Rig
down wireline service unit. Evaluate any additional actions as indicated by the MIT tests
sfter review of these fests with the OEPA.



EPPENDLY 10-1 (Continued)

8 Mix bentonite driling mud in tank.

g Run work string near the bottom of the well and disptace mud down tubing, filling open hole

4o within 100 fest of the boftom of the casing. The reguired volume of the bentonite piug is
listed in Table 10-A.

10. Set cement retainer approximately 100 fest above casing shoe.

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

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

12 Tag cement and dispiace fiuid from top of cement plug #1 to surface with cement (cement
piug #2). The cement will be premium grads. The required volume of cement plug £2 is
fisted in Tabie 10-A

13. Remove BOP and wellhead equipment. Cut casing off at surface and complets camenting
2t surface. Release rig and aquipmant.

14 Weld z steel plate on top of the casing. Inscribe on the plate, in a permanent manner, the
following information: (1) operator name; (2) closure date; and (3) UIC permit number. The
surface ares concrete pad around the wellhsad will remain in place.

45 Prepare closure report and final well status drawing ang 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
1745-34-36D(2){a) and OAC Rule 3745-68-15, INEOS wili submit by registerad mail to the
Director of the OEPA, within 80 days of the final plugging of the injection well, 2 certification
that the closure has besn conductad in accordance with the specifications in the approved
Ciosure Plan. The certification will be signed by the ownsr and by an independent,
gualified, registered orofessional enginaer.



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

Post-Shutdown D rEEEUIE MIOGEING -ooov e oeeevs oo eseses s $21,074
Prepare LOCBHOM ...t 7,325
Rig, Pump, Tanks, PIPe RECKS ..o 38,624
Work String, Rental TOOIS oo 14,650
DragsUre COMIFO! FIIT oottt s 7,325
Casing Pressure Test EQUIDIMENT . 7,325
Logging (7-in Caliper Log, 7-in. CBL, 7-in. Vertilog, 7-in. Casing Tempature Log) ... 21,874
MU oo RIS 10,254
BB REE AT, . ettt et ettt 4 385
Cemanting BnG TESHNGT ..o oo 29,298
Planning, Suparvision, Report Preparation ... 21,974
EE T B oo oo et e 7.325
Fluid Disposal ..o JSSR TS OO O RSO POR PR 7,325
COMENGENGIES ... 1.ttt eeeere e ess s 23.814

Total Estimated Cost, Par Weall s cnsonmiornsosssnnins: $221,682.0C



04 shid SWINoA

Buises Buys Buo] sy} sjuassaidal painbal sWNon ‘gorying punold o} L# Bryd Juewieo Jo doj 8} Wol) 198 St 74 Bnyd juswa)
-$88S50] UONBULIO) 10} 8S80X8 %GL snid SWNoA

iy syuesaidal painbals sUNOA ‘soys Buises ey} 8A0qE 1994 00T OF 80US Fuises sy} MofRq 199} 001 WOl 188 St 1# Bnid Juswied
‘59580] UOIJBLLIO 10} 8S80X8 %GT

snjd awmnjoA sjoy uado sjussasdal paanbal SWNOA 80YS Auiseo Jo 198 Q01 UM O} UOHOSS atoy uado spiy Bnid spuojueg

Prys

6 90k 59T €0T €0z L99€°0 56 5887 BGLE Wi MOM
g g0l 0192 €6l T4 L0679 06 0182 GOLE £t MOM
yi G0LL €192 61 GGT LG9 06 £18¢2 zLLE ZH# MOM
g G601 £85¢C £'82 Gy LOGF 9 5Tl £8/.7 £ele L# MM
(g 1) {staq) {ax ) {siaq) {s1q4) {seyout})  {seyouy) (e 1) (g u)
z# Bnid e SUIMOA it Bnjed L SUINIOA LSUWNIOA i Buysen  ssjeuwield aoysg wdag Gl 12Af
1usaly ik JUBLUBT 1 Bngd Bung 8l0H Buised {210t
jodoj Bnjd uswisy jodol fin)g oLy apuousg Buo™ usdQ HaM BAA

ST713M NOLLOACN! STTYOIREHD YN 40 3UAS0TO HOd SAMNIOA DNIDDN

w-01 YL



Qroaund Level

Bess
o Sub-Lockport
@ 352-3735°

LR R

_Tranion Limesione _
@ 1244 - 12621

_ _Biack River Group _ _
© 1418 - 1435 h

Knox Dolomite |
@ 1815 - 1837 &

Eau Claire
Formaien

B EA18 - 2430 5

Tep ML Simon §s,
(D 2800 - 2Bi3 &

hiddle Run Fa,

& 3140 - 3153 R

TO 3133 - 3409 8

® Range of depths encountered

FIGURE 10-1

Top PrateWell Liarker
Jop of 2nd Camen) Piug &t Ground Surface

13 3B Holg

10 3/4-ia, 0.0, Surface Casing
.in, Hole

7-n, 0.0, Long String Casing

2nd Cemen{ Fluy

errs Cement behind
CR- At .
casing

@ Cemen| plug
in well bore
FENE  Heavy Mud

NOT TO SCALE

Too of {5t Cement Plug
{approzimalesy 100§ arove cemant
relanes (Ing)

Cement Resainar Rirg
{approximately 1C0 I zbove Casing snoe)

7ain. Cesing Shoe

Open Hole Penren of ey
Filiee wah Heavy Kug

Proposed WOW Nod Piugpsa Sack
Duning Workover jolsolsle the Migus
Run Section Cored Duning [ne Doiling
ol (his Well Deeper than Originat 7D
of WOW No. 2 ang wDW No 2

GENERALIZED PLUGGING AND ABANDONMENT WELL SCHEMATIC



INEQS USA LLC
Lima, Ohio
WDW #1

ATTACHMENT A

it Posi-Closure Plan



APPENDIX 11-A
POST-CLOSURE PLAN

The INECS post-closure plan is submitied in accordance with OAC Rule 3745-34-08, 3745-34-
25 and 3745:34-81 of the Administrative Code and shali 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 to
decrease fo a point whers it no longer intersects the base of the lowermost USDW. INEOS
anficipates that this will be the length of post-closure monitoring period.  However, in
accordance with Ohio Administrative Code (OAC) Rule 3745-34-61(G), the Director of the Ohio

EPA may extend the period of post-closure monitoring upon 2 finding that the well may'
endanger a USDW.

A Reservoir information

The values for pressure at the top of the injection zone and for the waste plume location at the
end of the operational period were predicted from reservolr simulations using the SWIFT/S8
groundwater flow model as described in Section 5 of this permit application. It should be noted
tmat the values in Section 5 represent conservative (oversstimated) pressurization and migration
results designed to meet the reguirements of 40 CFR 148 and are not representative of what
would be expected given typical injection well operations. The predictive modeling will be
updated 2t closure based on the actual injection history and measured reservoir conaitions at
the time of closure.

B Status of Corrective Action for Wells in the Area of Review,

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

No mainienance is anticipaied following the completion of the closure of the well. OAC 3745-
67-23 (dikes), 3745-67-28 (surface impoundmants), 3745-67-80 (land treaiment), 3745-68-10
(langfilis) and 3745-65-61 {groundwater monitoring) are not applicable to closure of deepwells.

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

C. Post-Closure Activitias



APPENDIX 11-A (Continued)

Upon closure, a survey plat will bz submitted to the local zoning authority, to the USEPA,
Region V, to the OEPA Division of Water, and 1o the State Department of Public Health. The
iohiowing activitizs will be compieted at the time of closure of the INECS injection walls.

1. Survey Plat — The survey plat wil inciude the foliowing information:

(8) The surface and subsurface locations of the wellbore(s) and the stratigraphic

location of the injection zone.

(b) Plat to be cerfified by a professional land surveyor.

(¢) include notice restricting disturbance of afiected arsas, Surface use of the property

will be unrestricted except at the monument. Subsurface disturbance is not
permitied in the immediate vicinity of the borehole.

2 Notification of the Deed

(@)

(b)

(c)

The fact that the land was usad 1o manage hazardous wasie,

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

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

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

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



APPENDIX 11-A (Continued)

3. Records Management

Records rafiecting the nature, composition and volume of all injaction fluids wili be retainad
for at least three years foliowing the weil clasure. Al ihe end of the refention period, the
records shall be delivered to the OEPA, ‘

D. Responsible Official
Site Director
INECS USALLC
Bost Office Box 828
Lima, Ohic 45804

E  Estimated Cost for Post-Closure Care

Updated Predictive Modeling $128,815
Legal Filings 35,158
Pest Closure Monitoring 35,158
Contingency 21.377

Estimated Post-Closure Costs, Site $220,608
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200 Pafk Averiue
New York NY 10168
Usa

Director of the Ohio Environmental Protection Agency _ Tel +1 {212) 412 4000
Lazarus Government Center

122 South Front Strest
Colombus, Ohin 43215

Re: Letier of Credit No. NYSRB-2039

Dezar Sir or Madam:

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

Effective April 1, 2010, the amount is hereby decreased by US$1,678,529.00 to a new aggregate
amouni of USES, 480 128.00 (Five Million Four Hundred Eighty Thousand One Hundred Twenty
00/100 U.S. Dollars).

This amendment ] cﬂer 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 letler amendment, please contact Dawn Townsend,
Telephone (201) 499-2081, Fax (212) 412-5011.

Please indicafe your sceeptance/rejection of this amendment by signing and checking
appropriste response and returning the copy o us at eur sbove address.

Sincerely,

BARCLAYS (BANK PLC, NEW YORK

/g.{ /f g,vg/\n,m

DAWN T@WN SEND
AUTHORIZED SIGNATORY

{Drate) April 1, 2010

This credit is subject to the most recent edition of the Uniform Custems and Practice for Documentary
Cradits, published and copyrighted by the Internattonal Chamber of Commerce.

Amended terms hocepted Rejected
Director of the Ohio Environmentsl Protection Agency

AUTHORIZED SIGRATURE

Ensctays Bank PLE, How Yerk Bransh
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IPRdorgin Chese Bank, N A.

C/0 IPNiorgan Tscasury Services

10420 Highlm Manor Ditve, 478 Ploor
Tarnpe, Florida 33630, H.8.A

ATTH: Standby Letter of Credit Dépl.

Date: June 2, 2010

Tor

JPMorgan Trusi Company, N.A.
Attne Institutional Trost Services
Leonard Gnat 312.267.5114

227 West Monroe, 26" Floor
Chicago, IL 80605

{the “Beneficiary™)

Re: P-524435

In respect to owr Standby Lefter 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,

-
Regards, - o

o &
T '/.w"’ - f,;gﬁﬁ"j;/j?‘[/,/ ';,,/‘3/
G b g

oy et T e

Luba Stewart

Operations Risk/Control Analyst
Global Trade Services
JPMiorgan Chese Bank, N.A.
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JPNLorgnn Dhase Bamk, N
o TRjorgan Treamury Serviocs
(iabd! Trade Szrvices

10420 Fiightand vinnor Trtive
Tamps, Fl 23810

Tal, BEG-052-5101

SO
JEMORGEN TRUST COMPARNY, H.A.

ATTW: INSTITUTIONAL TRUET EERVICES

(LEOWARD GNBET 312.267.5114)
227 WEET MONROE, 26TH FLOOR
CEICEEO, IL 80606

43
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&5
= IPpiergan

MaR 31, 2008
SUR L/C WC.: F-624435

- LIMR CEEMICAL -- UIC WELL,
200 E. BANDOLPH DRIVE.
CEICAGO, ILLINCIZ &0601

> EEREWITH (AY A PERMANENT PART OF THIS LETTER OF CREDIT) AN

TRREVOCAELE ZTANDRY LETTER OF CREDIT OPENED TN YOUR FAVOR SUBJECT TO TCes00

THAWEACTION REFERENCE NUMBER:

DOCUNMENTLARY CREDIT AMOUNT:

EUTO BXTEHSION:

4]

TTENSION PERICD:

WOTIFICATION PERIOD:

P-£24435

MLRCH 30, 2008
AT QUR COUNTER

TUSDE, 000,000.00
YES
12 MOWTE(8)

120 DAY (&)

PLEASE REVIEW TEE DETAILE OF THIE ENCLOSURE AND TEE ATTACHED LEITER OF
CcREDTT TMNEDTATELY AND CORTRCT OUR CUSTOHER SERVICE ZRER AT 1-866-8632-5101

IF YOU HAVE AWY QUESTIONE.

172006 LE54500

Puge { of |
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WEME AND ADURREEE QF IE88TUINE INETITUTION:
SEMORGEN CHASBE BRNK, N.A.

¢/0 JPWORERW TREABURY SERVEICES

AT STANDEY LETTER OF CRERIT DERPT.
16420 ETEHELAND MENOR DRIVE, 4mE FLOCR
TAMEA, FL 33810

DIRECTOR OF THE OHIO ENVIRONMENTAL PROTECTION AGENCY
1A TARTS GOVERWHENT CENTER

122 20UTH TRONT BTRERET

CLUMETY, OHIO 43215

DEER SIR OR MEDRM:

. WE HERESY ERTARBLIEH OUR TRREVOCAELE STANDEY LETTER OF SREDTT NO. P-624435
TN THEE FAVOR OF JEMORGRN TRUST COMPANY, NATIONAL LOBOCTIATION, A TRUSTEE

UNDER THE STANDBY TRUST AGREENENT OF MARCH 30, 9005 BY AND BETWEEN O&D UBR
LLC AND JPMORGAN TRUST COWRAINY, RT THEER REQURST AND FOR THE ACCOUNT OF Q&D
wgh LLG, LIKAE CHEMICAL -- ULC WELL, 200 . RANDOLPH DRIVE, CEICRE0,
ILLIWOLE 6060L, FOR PETRD-PARTY LIABILITY AKERDE OR RETTLENENTE TP TO CH
WMILLICH AND NO/100 U.S8. DOLLARE £1,.000,000.00 PER AECURRENCE AND THE
INNUAL AGGREGATE AMOUNT UF WO MILLION AND NO/100 U.8. DOLLARS
£2,000,000.00, POR SUDDER AQCIDENTAL OCCURRENCES AND/GOR FOR THIRD«PARIY
LIABTLITY ZWARDS OR CETTLENENTE UP TO TEE EMOUNT OF THREE MILLIONW AND
WO/100 U.8. DOLLARS §3,000,000.00 FER OOCURRENCE AWD THE ANNURDL LAGURBEATE
LMOUNT OF SIX MILLION ARD NO/100 U.8, DOLLARS $6,000,000.00, FOR WONSUDDEN
ACGTDENTAL OCCURRENCES EVATLABLE UDON FRESENTATION OF & SIGHT DRAFT,
BEERING REFERENCE TQ THIZ LETTER OF CREDIT NO. P-524435.

THIZ LETTER OF CREDIT IB EFFECTIVE AB OF MARCH 31, 2005 AND SHALL EXPIRE

o MARCH 30, 2006, BUT EUCH TEPIRATION DATE SKALL BE AUTOMATICALLY
EYTENDED FOR A PERIOD OF ONE YERR o MARCH 30, 2006 AND ONW BACH SUCTESBIVE
EXPIRATION DRTE, UNLESE, AT LEAST ONWE HUNDRED TWEWTI DAYS BEFORE TEE
CURREIT TXPIRATION DRTE, WE WOTI¥FY YOU, TEE DIRBCICR, AND O&D UBR LLC BY
ERTIFIED MRIL THAT WE HAVE DEUIDED HOT TCO EXTEND TEIRE LETTER OF CREDIT

L7200 UGs4ERD ‘Poge 1 of 2

o
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%ﬂgi ?’M@rgm

SPHintpnn Chase Bank, N4
clo JFidorgan Treasury Durvices
Qisbe! Tmds Bervises

10426 Highiand Winnor Drive
Tumps, KL 53610

Fuli BER3L-5101

by

iRk 31
P

QUR L/C HO.:

i e
[ 31

., 2005
£2443

ZETOND TEER COURRENT IXFIRATION DATE.

WETNEVER TEIS LETTER OF CREDIT TE DEAWK OF, UNDER AND IN COMPLIARCE WITE
THE TERKS OF THIS CREDIT, WE SHALL DULY EONOR SUCHE DRAFT UpON FRESENTATION
T UB,

¥E CERTIFY THAT THE WORDING OF THIE LETTER OF CREDIT I8 IDENTICRL 70 THE
WORDTNG SPECIFIED IN PARRERRFH (XK) OF RULE 3745-35-81 OF THEE
ADMINISTEATIVE CODE AB BUCE PEETLATIONS WERE CONSTITUTED ON THE DATE EROWH
THMEDIATELY BELOW,

I
LTLE) HEWRY AVELING
% MBRCE 31, 2005 ASSISTANT VICE PRESIDENT

TEIS CREDIT I8 SUBJECT TO THE UNIFORM CUETOME AND PRACTICE FOR DOCUMENTARY

CREDITE (1853 REVISION), PUBLISHED AND COPYRIGRTED BY INE IRTERNATIONRL
CHLMRER OF COMMERCE, PUBLICRTI

OF WO. 500.

K

SUTHORIEED &1 ONATIRE

HENRY AVE
LESISTANT VICE RRES

172005 UBSASD0 Ppggaul 2
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ATTACHMENT B
GEQTECHNICAL INFORMATION

L Stratigraphy and Injection Interval Description

i, Fracture Pressure
i3 Core Analysis (Open Hole Strata Only)
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1. Stratigraphic and injection interval Description



2.0 EORMATION TESTING PROGRAM
Seneral Comments Regarding Updates for the Renewal Application

The conclusions of this section remain basically unchanged from the October 2004 UIC
permit renewal submittal.  This section has been updated, as appropriate, based on
published literature, site operating history, test resulis, and data analysis conducted in
regards 1o the INEOS injection well activities betwaen September, 2004 and April, 2010,

INEOS ran an exiensive suite of logs on WDW No. 4 1o gatablish accurate baseline data 10
compare future measurements. The compiete list of open and cased hole jogs conducted
on VWDW No. 4 are summarized in Table 8-1. Table 82 summatizes the geophysical
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 &-4 through 8-7 is & sumimary of key logs
avaitabie for WDW No. 1, WDW No. 2, and WDW No. 3, and WDW No. 4.

The daviation surveys conducted during drilling of WDW No. 4 are summarized balow:

DATE DEPTH (f) DEVIATION DEG.

313181 208 %%
3/13/91 400 Y2
3119721 711 1 Va
3128181 1,200 1 Y
4112121 1,577 Va
424791 2,173 Va
5/5/21 2,676 Y
7118/91 3,408 Ya

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

8-1



The surface casing logs run on WDW No. 4 are summarized below:
Original Core Hole (8% in.} Deptht 710 ftkK2
Final Entarged Hole (20 in.) Depth: 720 ft KB
Surface Casing: 16 in. 85.0 Ib/ft H-40 Range 3 STC

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

Dual induction/SFL/GR

Natural Gamma Ray Spectromelry

Array Sonic/STC/GR

Sonic Waveforms/GR

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

The cased hole logs are described in Appendix 8-6 of this application and have been
submitted to the OEPA in past correspondence.

The geophysical logs run on the intermediate and long string casing in WDW No. 4 are
summarized below. These logs have been submified fo ihe OEPA in past
corraspondance.

Intermediate String Casing Logs

Original Core Hole (8% in.) Depih: 2676 ft KB

Final Entarged Hole (14-3/4 in.) Depth: 2676 it KB

intermeadiate Siring Casing! 58 joints 10-3/4-in. 51 Ib/ft L-80 Range 3 8T&C
5 joints 10-3/4-in. 40.5 Ibfft J-55 Range 3 ST&C

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

Phasor induction/GR

Natural Gamma Ray/Spectrometry

Array Sonic/STC/GR

Variable Density Log.

Formation Micro-Scanner

Fracture lgentification Log



Open Hole Logs (5/11/81) - Atlas

CBIL/GR (Circumference Borehols image Log)
Cased Hole Logs (8/2/81) - Atles

Cement Bond Log/VDL

Cased Hole Logs (6/19/¢1 - 6/20/81) - Schiumberger
Cement Bond Log/VDL

‘Cement Evaluation Log

Temperature Log

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

Cement Evaluation Too! (Under Pressure)
Cement Scan Log {Under Pressure)

Long String Casing Logs

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

Fina! Entarged Hole (8% in.) Depth: 3160 ft KB

Long String Casing: 7 in. 23 o/t N-80 Rangs 3 LTC

Opan Hole Logs (6/19-6/20/81} - Schiumberger
Compensaiad Neutron/Litho - Density/GR

Dual Laterolog/MSFL/GR

Phasor induction/GR

Natural Gamma Ray Spectrometry

Array Sonic/STCIGR

Variable Density Log

Open Hole Logs (6/29/91) - Atlas

CBIL/GR (Circumference Borghole image Log)
Cased Hole Logs (7/23 - 7/24/81) - Schiumberger
Cement Bond Log/VDL

Cement Evaluation Tool

Cement Scan Log

Cased Hole Logs (8/26 - 10/3/81) - Computialog

Flow Spinner Log
Production Temperature LOg

83



INEOS conducied the initial mechanical iniegrity testing for WDW No, 4 from September
15 through October 26, 1982. The guidelines used initially by INEOS for mechanical
integrity testing are summarized in Appendix 8-1 of this application. The data 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 channefing behind the casing and that the
injected fluid was entering the injection interva! as designed. That data demonstrated the
initial mechanica! integrity for WDW No. 4. Mechanical integrity demonstrations have
been conducied on WDW No. 4 sach ysar foliowing that initial demonstration, starting in
1904 when that injection well was commissioned as an injection well.

The Lima Siratigraphic Test Well (WDW No. 4) was cored extensivaly to obtain site-
specific data for the INEOS site. Over 2,250 # of 4-in. core was obtained and submitted 1o
E: var’sety' of testing including air parmeabiiity and porosity, liguid parmsabiiity and porosity,
and electrical property tests. |

Eormation fluid sampling wes conducted by drill stem testing 16 zones in the Lima
Stratigraphic Test Well. Data from 11 of the DSTs were of sufficient quality {o be analyzed
io determine reservoir properties, BP Exploration (BFX) aiso analyzed DSTs. The BPX
analyses are considersd o be more representative since they incorporated the full fest '
hisiory in each enalysis, including the swah runs and the volume of fluid produced.

Formation fiuid samples from the DSTs were analyzed fof index organics (acrylic acid,
acrylamide, acetonitrile, and nicotinonitrile) and index inorganics (ammonia-N, caicium,
sodium, chioride, magnesium, sodium, and sulfaie); and conduciivity, specific gravity, total
dissolved solids (TDS), pH and alkalinity were measurad.

From the data reporied during the driling of WDW No. 4 in 1968, the most reliable
maasursments indicate a vaiue of 1,050 psia at 2,783 ft KB is a reasonable estimaie for
the original Mt Simon Sandstone bottom hole pressure {BHP) (0.38 psifft surface
gradient). The original surface gradient at the Lima Stratigraphic Test Vel (WDW No. 4}
during the driliing in 1981 was 0.46 psift, representing a net pressure increase of
approximately 230 psi at this location dug o injection activities.

Fluid temperature, pH, conductivity, and pressure data were collected during the DST
testing discussed above. The static fluid level of the injection zone can be calcutated from
the pressure data coliected from the DSTs. The pressurs data are more accurate than
static fluid leve! measurements. Two formation fluid samples were taken which were

§-4



helieved to represent native Mt Simon connaia water;‘ one on February 25, 1988 and one
from DST No. ¢ from the Lima Stratigraphic Test Well (WDW No. 4). The analysis of the
February 25, 1968 sample is suspect due to several contradictions in the parameters, and
it ts believed that this was 2 contaminated sample. Dus fo the absence of any quantifiable
organic analytical parameters, the sampie collected during DST MNo. @ is believed fo be an
uncontaminated Mt. Simon connate water sample. The data from these fwo analyses are
‘presented in Table 8-8. The specific gravity of fluid taken from DST No. © is plotted with
respect to other Mt. Simon formation fiuid analyses in Figure 8-1.

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

Except during stimulation, the owner of operator of a Class | injection well shall assure
that injection pressure at the wellhead doss nof exceed a maximum which shall be
calculated so as io 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 Ciass | injection well such thet the injection pressure
does not initiate fractures or propagate existing fractures in the confining zons, or cause
the movement of injection or formation fluids info & USDW.

A varety of tesis ware conduciad in the Lima Siratigraphic Test VWell io help in determining
e fracture characieristics of ihe injection and confining zone. The stress profile has baen
determined from micro-frac stress fests in the injection and Confining Zones and from an
snalysis of uniaxial strain core teste. Other data have come from an analysis of
geophysical logs and from tensile fraciuring of the wellbore. Other information on fracture
pressure has come from an analysis of fracture ireatments in WDW No. t and 2 and of
various step raie fests in these wells and WDW No. 3. Analysis of these data was used i0
define @ safe maximum opsrating pressure for these injection wells.  This analysis
determined that the previously (pre-1992 permits to operafe) pearmiited maximum
operating pressure of 844 psig mests the requirements of Rule 3745-34-58(A) of the Ohio
Administrative Code.  An analysis of tha historic injectivity performance of the existing
injeciion welis at pressures at and above this value of WHP, confirm that at this pressure
fractures are neither initiated or propagated. indesd this analysis indicates that the
injection performance of these wells at these pressures is dominated by formation
plugging.  This information was presenied in Appendices 5-1, 8-2 and 8-4 of this
document. USEPA determined ot the data demonsirated that historic  injection
pressures have not initiated nor propagaied fractures in the injection zong. The USEPA
made z final decision to grant INEQS an exemption from the land disposal restrictions of



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 23094). This
decision determined that INEOS had demonstrated o a reasonable degree of certainty
that there will be no migration of hazardous constifuents from the injection zone for as long
as the waste remains hazardous,

Fracture initiation data have come from breakdown pressures from the micro-frac tests in
the Lima Stratigraphic Test Well (WDW No. 4), and from fraciure treaiments in WDWs No.
1 and 2. These data are summarized in Table 8-8. injection at surface pressures less
than 890 psi will ensure that new fractures ars not inftiated in the injection interval.

Extension pressures are more difiicult to daduce from the micro-frac tests performed in
WOW No. 4 since these were performed in high sermeabiiity zones by injection into 2
restricted, packed off interval. As z result, pressure data which may appear o indicate
trasture extension may aciually be a result of flow through & fracture around the packers
and into the weilbore. The pressure fise in the upper and lower guard intervals of the
packer assembly indicate that this is the case. The apparent fracture exiension pressures
from these fests do, howesver, indicate lower hounds for these values which may be used
to verify the propagatlion pressures obtainad from other sources.

4]

Date on fraciure extension pressures in the Mt Simon can be estimated from the results of
the mini-frac tests performed on WOW No.1 and No. 2 prior o the hydraulic fracture
stimulations performed in 1988, The resulis from these tests will be estimates, since thess
mini-fracs were performed with gelled fiuid rather than water, and since welibore extension
pressures will vary with the size of the fracture and the degres of fracture plugging. Since
friction pressure drop will increase with fracture length, and since fracture tip plugging. by
entrained solids will increase propagation pressures, the wellbore pressures estimated
from these mini-fracs are likely to be lower bounds.

The 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 psifit, this corresponds to a BHP of
2250 psi, or 2220 psi if a friction pressure drop of 30 psi is assumed. This corresponds o
a pressure gradient of 0.783 psifit. 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 bom. At these flow
rates the pipe friction pressure drop will be aboui 200 psi (Halliburfon Services Datz).
Aliowing for this, and the hydrostatic head of 1235 psi, gives 2 BHP of 2085 psi at 2800
feat, or 0.745 psifft.

8-6



These data jogether with lower bound micro-frac data are summarized in Table 8-10. I IS
apparent that the lower bound extension pressure corresponds 10 0.745 psifft., or a BHP of
2085 psi af 2800 feet. Fora 0.442 psifft. fluid column and & 30 psi pressure drop (Table &-
13) thie corresponds 10 2 WHP of 880 psi. A more reasonable estimate is probably the
average value from the mini-iracs of 0.762 psi/ft. This corresponds {0 & BHP of 2155 psl
at 2800 feat, or a WHP of 850 psi.

These data are confirmed by information on the injection history of WDW No. 1, No. 2 and
No. 3 and by modeling of the injection response. it is apparent ihat despite injsction info
these wells at surface pressures up to and above the current maximum permitied weilhead
oressure of 844 psi, no fracture exiension has occurred, as discussed in more detall later
in this section. This is frue even afier the hydrautic fracture stimulations of these wells in
mid-1088. These fracture stimulations gave either no, or a minor increase in injectivity,
and any increase was guickly negated by formation plugging. WMiodeling of injection into &
300 # fracture at 204 gpm indicates that the pressure buildup due io injection at the
prescribed rates is insufficient to maintain a 300 & fracture length, and fracturs shrinkags
actually can occur.

Closure pressures have been determinad from data from WDW No. 4. Relevant data from
thie well are given in Table 8-11. Relevani data from ihis wall are given in Table 8-12,
including information from the minifrac treatments in WDWs No. 4 and No. 2. From this
data, & conservative estimate of the in-situ stress gradient in the injection interval of 0.69
psifft can be made, corresponding fo an equivalent WHP of 825 psi at 2,800 ft or 770 psi
at 3,105 ft.

The various data for closure, propagation, and breakdown are summarized in Figure 8-4,
and Table 8-14 together with gradients for these parameters based on average data for
ihe microfracture and minifrac tests. Based upon these datz, and the reguirement that
new fractures should not be initiated nor existing fractures propagated, a manimum
permissible WHP of 844 psi was established. The BHE iine for this WHP, calculated for 2
minimum fiuid pressure gradient of 0.438 psifff, an average fluid pressure gradient of
0.444 psifft and a maximum fluid pressure gradiant of 0.455 psifft., and neglecting friction,
are also included in Figure 8-4.

Table 8-14 gives the BHP's for a maximum 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 bottoms of the casing in
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WOW No. 1. WDW No. 2, WDW No. 3 and WDW No. 4 and is compared fo the estimated
minimum values of closure, propagation, and initiation pressures at those depths, These
values indicate that the proposed maximum permitied operating pressure meeis the
requirements of Rule 3745-34-56(A) of the Ohio Administrative Code, since it is based on
site spacific data and is:

¢ at least 302 psi and probably 332 psi below the WHP which would be
estimated (conservatively) fo initiate new fractures;
o &t least 37 psi and probably 87 psi below the WHP which would be estimated
(conservatiively) 1o propagate existing fractures.
Table B-14 also shows the calculated BHP range, neglecting friction, for a depth of 2640
fest, corresponding to ihe top of the passive injection interval as defined in the No-
Migration Petition. The BHP's at this depth are significantly overestimated since fluid at
this level will have expsrienced a significant pressure Grop in flowing through any
permeable pathway. Nevertheless, even this highly conservative estimaie of BHP only
exceeds the estimaied minimum propagation pressure DY 15 psi for the case with
maximum injectate  specific gravity. i friction is asccounted for even this highly
overestimated pressure at 2640 fest will not exceed the minimum estimated propagation
pressure. '

An additional safsty margin is provided in the way INEOS operates the injection aclivities
o ensure that the maximum permitied wellhead pressure is not exceeded. The current
system operating parameters are 8s foliows:

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

These operating reguirements provide an additionat margin of safety between 17 and 30
psi under the permitied maximum wellhead pressure. These control and alarm set poinis
are not intended to be incorporated as permit conditions and INEOS reguests the flexibifity
to adjust these conirol and alarm set points as required, based on the facility's operaling
experience, fo ensure reliable equipment operations.

The permitted maximum WHP exceeds the estimaiad closure pressure by 70 psi at 3,150
to 158 psi at 2,800 feet. Data from the borshole televiewer log run in WDW No. 2 in 1988
immediately after the fracture treatment indicated that there were no vertical Tractures
above 2,903 feet. Vertical fractures are seen from the botiom of the logged interval (3,062
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feet) up to 2,003 fest. At this depth the proposed WHP exceeds the conservative closure
pressure by 132 psi.

INEQS acknowledges ihat closure pressure may be 2 raasonably conservafive pressure
for new operation with little experience or data io base operating pressure on. However,
given the 26 years of experience in operating ihis field, including data on the behavior of
planned stimulations, the high quality of data from the Lima Stratigraphic Test Well, and
the demonsiration of containment presented in the No Migration Demonstration submittal,
INEOS balieves that for this site such & fimitation is unwarranied to assure that a fracture
is not initisted or propagated in the injection zone. An zhundance of datz has been
presented at the Lima site, the most important of which is the demonstration of
containment over the 20 pius years of operating experience at this site.

This experience can be analyzed in terms of the daily injectivity index and the cumulative
irjection performance of WDW No. 1, WDW No. 2, and WDW No. 3. Neither of these
analyses indicates any increase in serformance which could be related fo fracture
propagation even affer the hydraufic fracture treatments in mid 1888. On the condrary, the
racords indicate a reduction of performance atiributable to formation damage, at injection
pressure levels at and above the current maximum opsrating pressure. The injection
nistory for INECS Lima injection wells is containad in Appendix 2A-3. The tabulation of

the datz used in the Hall plots

is contained in Appendix 8-2.

Figures 8-5 through 8-7 show the injectivity index for the three injection wells. This index
is calculzted as the average injection rate divided by the average YWHP. 1f 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 ocour if fractures were being propagaied, would be
seen as an increase in njectivity, WDW No. 1 (Figure 8-5) shows a gradual decrease in
ihe index from Ociober 1988 to April, 1891. Al this tims, the well was cleaned up using &
chemical treatment leading to an immediate increase In injectivity index. Since that time
e index has decreased io closs fo the historic values. WDW No. 2 {Figure 8-6) shows
an sssentially constant index as does WDW No. 3 (Figure 8-7) up to mid 1881, Since that
fime, howevar, WDW No. 3 shows 2 reducing injectivity, Note that these decreases in
injectivity are occurring at wellhsad pressures up to and above 800 psi.

These historic injeciion data can also be analyzed using the series of sisady state analysis
fechnique davised by Hall (1963). The analysis is based on the steady flow retationship:
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This analysis tool is routinely employed by oil fieid waier-fliood operations as the primary
conirol ool fo determing that an active operating injection well is not propagating 2
fracture. This method is preferred for water-flood control, where close control to avoid
fracturing is critical, because i is viewed 25 the best indication of fracture propagation. A
propagating fracture will lead fo an increasing negative skin. For example, an infinitely
conduciive fracture growing from a fength of 7.5 fest to 150 fest over one year {0.39
feet/day) will lead to a skin change from 310 -6. The effect of this on a Hall plot is shown
in Figure 8-8. Conversely, a posilive increase in skin due o formation damage wili show
23 an increase in slope.

Figures 8-9 through 8-11 show the Hall plots for the three injection welle for data from
1068 through June, 1982. The Hall plot irends for all wells (Figures 8-8 to 8-11) show
sarly constant siopes, then 2 general increase in slope due to formation damage. Clean
up of WDW No.1 in 1974, 1981, and 1981 and of WDW No.2 and No.3 in 1987 and 1920
shows some improvement in injectivity, but this improvement is soon lost fo additional
formation damage. The intentional hydraulic fracturing stimutations in ail wells in 1988 has
an insignificant effect on injeciivity. Similar frends are seen in the injectivity index plots in
Figures 8-5 to 8-7. There are no indications in any of these plots of the increasingly
negaiive skin which would be sssociated with fracture propagation. it should also be
noted that the injectivity of alt of these wells indicaies a3 lower kh and a more positive skin
than found in the Lima Stratigraphic Test Weil. This is characteristic of injection wealls
dominated by formation damage not by propagation of fractures.

Additional support for the lack of iracture propagation at historic injection pressures comes
from the various transient fall-off and step raie fests parformed on the site injection wells in
1988 and 1891, The analysis of ihe transient pressure falioff tests in WDW No. 4 have
consistently shown a skin on the order of -4, which is afiributed fo the pressure sensifive
permeabifity of the main injection horizon. Noie that this result comes from the falioff
nortion of the testing during which any injection induced fractures will clese and not be
reflected in the analysis.

The step rats fest for this well (Figure 8-12) show a curve which has been analyzed as
being a result of a pressure sensitive parmeability in the predorminant injection zone (2,970
- 3,020 feet). This conclusion was reached for a varsty of reasons, Of note here are that
the pressures in the step rate test were well below the measured closure stress. 1he
negative skin in this well is therefore a direct expression of the nature of the injection
horizon and is not related to any propagation of fractures during the injection into this well,
The step rate test for WDW No. 2 and 3 show a very similar form fo that for the



stratigraphic test well, with similar final slopes at higher pressures (indicating similar khy,
aithough the curves are displaced upwards dus to the effects of a reduced permeability
zone around the wellbore.

The phenomena of pressure sensitive permeabiiity permits the continued injection through
this damaged welibore radius. This phenomena is distinguishable from the propagation of
sactures and has been demonstrated at Lima through both fundamental core testing and
well transient testing. A conclusion from this observation is that there are no indications of
fractures in the results for WDW No. 2 and 3, aven though these wells were hydraulically
fractured in 1988, WDV No. 1 shows quite dissimilar behavior, primarily because injection
here is predominately into a different zone. However, there are again no indications of
fractures in these tests. These points are discussed in more getail in Appendix 8-2.

Update on Lima Siie Well Performances and Operating Pressure lssues

Table 5-3 summarizes the results of all of the historic pressure falloff tests conducied with
the Lima injaction wells since the No-Migration Demonsiration. The overall review of the
iable of waell test summarias indicates that the native in-situ formation parmeability within
the Timited wellbore region investigated by these tests is on ihe order of 35 md. This vaiue
for average Mt Simon permeability is consistent with the core data obtained from the Lima
Strafigraphic Test Well Project, considaring the extent of pluggage experienced in that
region from the hisioric injection activities, When considering the affects of the historic
injectivity on the near welibore regions, the results of the analysis of this exisnsive data
indicates 2 wellbore region formation permeability thickness product of 12,500 mad-it (35
md permeability). This value is reflecied in the ouier ring permeabilities from the VWOVY
No 4 tests and the calculated permeabilities from the historic injection wells following
tormation clean-up programs. The results from the analyses of the historic sife injection
well tests reflact the leval of near welibore pluggage and resultant loss of permeabiiity near
wellbare for ihe existing three injection wells and the counier-balancing effects of the
formation clean-up programs. The latest results indicate that INEOS has been successiul
in keeping the siie injection wells close o thelr base capabilities through the ongoing
clean-up programs based on a review of the calculated inner ring permeabiiities. The
comparisons of these tests 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
parformance of plant injection well WDW No. 1. By 1990, this historic injection well had a



capability of approximately 75 gpm ot o wellhead pressure of greater than 800 psig.
Following a series of chemical clean-up activities to remove the pluggagse in the near
wellbore region, the capacity of this injection well has steadily increased. Currently, the
capacity of this injection well is approximatety 135 gpm at 700 psig wellhead pressure,
more than was previously thought possible based on the injection step rate iests
conducied in 1689, With the improvements 1o the filters but less frequent clean-up
treatments the effective capacity of these injection wells has not decreased significantly
over the past five year period.

The other date submitted fo the Ohio EPA during the period following the previous
submittal of the UIC permits to operate apphication was the conducting and detalled
svaluation of a significant number of famperature iogs run on all four INEOS injection
wells. The method by which INEOS conducts these temperature logs provides 2 good
opportunity {o investigate for fracture flow and veriical migration of injecied fivids. The
avajuations of all of these temperature fogs show no indication of vertical migration of
fiuids from the injection zones, INEOS engaged Dr. Richard M. McKinley, a privaie
consultant o interprat the subject logging program. Dr. McKinley is a consultant
spacializing in the tachnology associaied with oroduction logging operations and
interpretations. He retired as 2 Desearch Advisor from Exxon Produciion Research
Company at the end of 1883 sfter more than 30 years in the oil and gas industry which
was devoied to formation evaluation in general and o nroduction logging in particular.

Dr. McKiniey's undergraduate and graduate work was interspersed with periods of
empioyment with the former Humble Oif and Refining Company. He obtained a BS in
Chemical Enginesring from the University of Alabama in 1955 and a Ph.D. in Chemical
Engineering from Purdue University in 1981, From that time through 1964 he was on the
sta® of the Mechanical Engineering Depariment at Purdus University. He then returmned as
2 permanent staff member of Exxon's production logging department. Whan Esso ceased
all logging operations of its own in the sary 1870's, Dr. McKiniey organized the company
training course on production iog inierpretation.  This course remains one of the highest
-sted schools in the company's fraining program. Dr. McKinley also authored the
company manual on production logging.

With Dr. McKinley potentially refiring, INEOS has not contracted Subsurface Technologies .
to provide the analysis of the testing conducied on the individua! wells. The first report

compieted by Subsurface was compared to {hat reported by Dr. McKinley and was found

to be very similar in the described conciusions.



The conclusion from these analyses is that none of the injection wells show any indication
that fractures are being inifiated or propogated during severai years of injection at well
head pressures up to and exceeding the nroposed maximum permitied operafing
pressures. On the contrary, these wells show all indications of being un-fractured injectors
with progressive formaiion plugging and damage, despite the fact that alt of the wells were
stimulated with propped hydraulic fractures in 1888..

Sased on the large amount of date gathered and analyzed at the INEOS Lima site, a
permitted maximum welihead pressure of 844 psi will provide the requirec assurance that
the injection pressure will not initiate or propagate fractures in the injection zone. The
caloutation supporting a permitted maximum wellhead pressure of B44 psi is contained in
Tabia 8-14. In addition, due to the nature of the arrestment and confining uniis at the site
and the presence of muitiple bleed-off zones between the maximum vertical extent of
injected migration and the lowermost USDW, “protection of human health and the
environment has been clearly assured at the INEOS site.

Appendix 8-2 contains the January 28, 1082 letter to USEPA which provided a summary
of the ralevant date which demonsirates that a maximum permitted wellhead pressure of
844 psig will not inifiate nor propagate {raciures in the injection zone, Appendix 8-3
contains the input date for the Hall plots, Appendty 8-4 contains the supplemental
submissions to USEPA demonsirating that the historic opara‘c'zhg oressures at 844 psig
and higher had not initiated nor propagated fractures in the injection zone.

in summary, INECS performed a detaiied analysis of the maximum permitiad wellhzac
injection pressure as part of the No iiigration Demonstration process (see Appendix 5-1)
approved by the USEPA in 1282 and reviewead and approvéd as part of the last Ohio EPA
permit application process. No sdditional date has been developed during the last 10
years of plant operations and data collection that changas any of the analysis presentad in
the Mo Migration Demonsiration nor the last permit application. In fact, the continued siie
specific data has confirmad those anatysis. Therefore, INEOS requests no change fo the
maximum permit aliowable welihead injection pressures as listed below:

WODW 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
wallhead Injection pressures are adjusted downward as the injectaie
specific gravity increases above 1.040.

An extensive analysis has been made of core from the Lima Stratigraphic Test Well (WDW
No. 4). These inciude permeabiiity and poresity determinations (Section 4.2.2.2}, fracture
jogging and mechanical (deformation and sirength) fests. The mineralogy of the injection
and confining zones have been determined and are discussed in Section 4.2.2.1.

These fiuid characteristics have been determined on samples taken in the DSTs run in the
Lima Stratigraphic Test well (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
trom DST © is belisved to represent Mt. Simon connate waiter. Sampies from DSTs 14
and 15 have given data on the formation fiuids from the lower Eau Claire (passive effeciive
injection interval). Samples from DSTs 4, 5 and 6 have given data on the fluids from the
confining zone and overlying sirata {Section 5).

A series of sixteen DSTs were run on the Lima Stratigraphic Test Well ( WDW No. 4) from
April to July, 1991, These tests have been used to define the permeabliity-thickness
product, initial reservoir pressure and poresity of ihe injection and confining zones, and of

the overlying sirata. Thess lesls are summarized in Section 5.

Thirieen injeciion/fall-off tests were run in the Lima Stratigraphic Test Welt (WDW No. 4) in
May and June, 1991, The results of thase tests wera difficult fo intarpret due to packer by-
pass, and little refiance is placed on these data. These tests are discussed further in
Section 6,

From September {o November, 1881 a series of step rate injection tests were conducted in
the Lima Stratigraphic Test Well (WDW No. 4) open hole interval (2885 to 3408 # KB). The
results from these tests helped to confirm the injection characteristics of the injection zone.
in particular they confirmed that most injection occurs in the high permeabiiity zone around
3000 ft, that this zone exhibits strong pressuie sensiivity of permeabiiity, and that fracture
propagation does not occur at the injection pressures used.

To quantify the magnitude of the observed pressure sensitive psrmeability, each siep of
the September through November, 1991 injection tesis have been analyzed fo determine
an estimated permeability using the BP reservoir model/well test analysis PIE program.



For consisiency, all sieps were analyzed using 2 homogenesous reservoir model, The
results of the analyses are summarized in Table 8-15.

Thess data show & gsneral downward trend in skin values and increase in permeability as
the test sequence progresses indicating injection interval clean-up. Thus the first 4 bpm
test showed an estimated permeabifity of 27 md, the second 4 bpm test had an estimated
permeability of 46 md, the third 4 bpm test 52 md, and the fourth 4 bpm test had an
estimated permeabliiity of 58 md. The bulk of this formation clean-up by injection appears
io have occurred by the second siep of the October test sequence.

The results for each flow rate were alsc analyzed using the equilibrium flow eguation and
the pressures af the end of sach injection step. While not strictly applicable because of
the supsrimpesed effects of the earlier fiow rates, this analysis will give nermeabilities
indicative of the change in permeability with pressure. This analysis is presented in the
following tabie.

o | . (1 440Y(0.99Y(7.5
7 14120 (141.2)(Q)1440)(0.99)(7-5) _ ¢35 &

oy

A pH (APY(250) AP

Boih sets of values are graphed in Figurs 8-13 (Estimated Permeability Versus injaction
Rats). Figure 814 is 2 graph of permeability versus boifom hols pressure. From these
figures, an esfimate of the magnitude of the pressure sensitive permeabiiity is obtained.
The most meaningful estimate is obtainad from the graph of permeability versus botiom
hole pressure. In this piot a distinction was made bstween the sstimates from the first 4
rate steps and the estimates from the last seven rate steps. This disfinction clzarty shows
the impact of the progressive well clean-up with the continued injection of clean, filtered
2% WaCl brine. A similar trend is observed with both the estimaies from the steady state
sguation and from the reservoir model, Using the iest seven steps, an estimate of the
magnitude of the pressure sensiiive permeaability was obtained from the siope of the lines.
Similar slopes were obtained from both data sets. The estimate of the magnitude of the
pressure sensitive permeability is 14 mD/100 psi.

in August 1991 a puise {imerference) test was run, with WDW RNo. 2 used as the pulsing
well, and WDW No. 1 and 4 as observation wells. The results of this iest wers used {0

define the global injection interval sransmnissivity, storativity and diffusivity, and formed the
basis for catibration of the flow model.
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GEOLOGY

WDW Nos. 1, 2, 3 and 4 are ocated in Sections 2 and 11 of Shawnee Township in Allen County,
Ohio (Figure 4-1). The following sections provide hoth local and regional geologic information
pertaining to the four injection wells at the INEOS facility.

Regional Gaclogy

The following sections discuss the regional gaologic setting in the vicinify of the INEOS facility in
ordar to demonsirate the continuity and physical properties of critical geologic units.

Regional Geologic History

The INEOS facility is ocaied on the indiana Ohio Piatform, which is a positive arsa between the
ichigan, Appalachian and llinols Basins (Wickstrom, et al, 1992, Figure 4-1}. Structura! retief
on the Indiana Ohic Platform is generally the result of differantial subsidence of the surrounding
basins as opposad io tectonic uplift {Wickstrom, et al, 1982}

During the Pracambrian (Kewsenawan), a period of exiension prevailed in the Mid Continent of
Narih Arperica which led to the sormation of the Mid Continental Rift Systermn, and associated bast
Continent Rit Basin, with the peak of riting, associated volcanic activity and deposition of
sedimentary rocks ocourring af tis time (Baranoski, 2002; Drahovzal, et al, 1982). A more
detalied discussion of Precambrian rifting and sedimentation (Middle Run Eormation) i3 included
in the sections on Regional Stratigraphy and Structure.

The beginning of the compressional phase of the Grenvilian Orogeny marks the sermination of
Kewesnawan fiiting (East Continent Rift Basin). Rocks of the csrapvilie Province were thrust nortn-
northwestward onto the older craton with accompanying regional metamorphism and additional
plutonism which accounts for the increase of crustal thickness along the Grenvilie Front (Grenville
Tectonic Zone) (Hoehn and Hinze, 1997). Movement along the north-south frending Bowhing Green
Eault Zone and associated Outlet Eault zones iniiated during the arenvilie Orogeny (Figures 4-2 '
and 4-3). Paleozok rzactivation along the Bowling Green Eault is discussed in Section 4.1.3 -
Regional Siructure. Sanios (2002) analyzed detailed zircon graing from the Precambrian Middie
Run Formation and determinad its maximum age is 1.048 Ga (biliion years) = 22 Ma {ritiion
years),

During the Late brecambrian and into the Cambrian, the North American plate began io separate
from northern Europe east of the Grenville Mountains. The ancient proto -Aflantic lapetus Sea
opened and by the Late Carbrian the stable margin of the sea pecame the site of subsidence
and the accumulation of ferrigensous cizstics. The Cambrian Sea movad across Ohio from east
to west as the passive margin subsided, The Cambrian section therefore represents an overall
transgressive depositional sequence (Harris and Baranoskl, 1886). The basal sandstone, namsad
the ML Simon, is a guartz-rich, occasionally arkosic, fine 10 coarse-grained sandstone. This was

Revised October 2010
4.1



deposited unconformably upon the Precambrian (Janssens, 1873), and is interpreied o be @

1y

barrier bar sequence which migrated across a basal lagoona! estuarine sequence (Saeed, 2002}

The Eau Claire Formation (Cambrian) conformably overlies fhe Mi. Simon Sandstone with a
gradational contact. Lithologically, the Eau Claire 1s a blend of very fine o fine grained,
glavconitic, guariz sandsione, zikisione, dolomite and shale (lanssens, 1973).  Glauconitic
sandstone with increased carbonates iowards the top of the seciion indicate increasingly marine
conditions during deposifion of the Eau Claire.

When sea floor spreading slowed during tectonically quiescent periods, carbonate deposits of the
Knox Group accurred on tha shelf (Hansen, 1907 and Milici, 1998). In northwestern Ohio, the
Knox Group (Cambro—Ordovic’:an) is referred to by Janssens (1973) &8 the undifferentiated Knox
Dolomite where it consists of whiie io light gray dolomite and dolomitic sandstone with glauconite
nresent at the top of the section (Wickstrom, et al, 10923

The transition from deposition on & passive margin o deposition on a convargent margin caused
the Knox Dolomite 1o be truncated by a major regional unconformity (Wickstrom, st al, 1982,
Read 1980). The continent was uplifted and karst topography and zssociated drainage patiemns
nrobabty formed on the exposed surface {Dolly and Bush, 1872, Mussman ang Read, 1886 from
\Wickstrom, et al, 1982).

Following erosion of the Knox surface, the tand began io subside and 2 shaliow sza covered the
area, resuliing in a brisf period of intercalated clasiic and carbonaie sedimantation, represented
by the Wells Creek Enrmation (Wickstrom, et al, 19g2). Continued encroachment of the sea from
ezsi o west caused the deposition of the Ordovician Black River Group (rnicritic to finely
crystaliine limestone) i environments ranging from subtidal to intertidal (Wickstrom, et al, 1892).

3ubseguant fo the deposition of the Black River Group, the epeiric sea deepened and became
rmore normal marine in composition. Renionites at the fop of the Black River Group are evidence
that the Taconic Orogeny was increasing in intensity io the east (Wickstrom, et al, 1092). The
deepening of the sea resulied in the deposition of the basal, subfidal and open-shelf facies of the
Ordovician Trenton Limastone. ss 3 result of the subsidence of the proto-Appatachian Basin
and the early stages of the Taconic Orogeny, the deposition of the hasal Trenton facies ended
which is marked by & change in depositionatl strike from norin-south to northeast-southwest, This
caused a shallowing of the sea 1o ihe northwest and the depesition of the thick carbonates of the
platiorm facies of the Trenton (Figure 4-2). Southeast of the platform, in deeper water, the Point
Pleasant (interbedded shale and limestone) was daposited (Wickstrom, et al, 1982}

The end of Trenton deposition was probably the result of 3 more intense phase of the Taconic
Orogeny (Hudson Valiey Phase) (Titus, 1988 from Wickstrom, et al 1992y This was marked by
- rapid subsidence andfor fise in sea level. In northwest Ohio, the sea moved westward and in
sfect drowned fhe Trenton carbonate plaiform and deposiied the Cincinnati Group (shales and

imestones) (Wickstrom, et al, 1092). Al this time, the Bowiing Green Fault Zone was probably
reactivated.
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The Ordovician-Silurian is postuiated ic be unconformable in adjacent portions of Indiana, based
upon faunal evidence. Howaver, Wickstrom, et al, {1892) finds nC physical evidence for this in
northwestern Ohio and therefore the nature of the contact is guestionable.

Throughout the Siurian, the Taconic Wiountains continued 10 erode during a fime of tecionic
stability. Thin-bedded shales and limestones of the | ower Silurian demonstrate that northwesiern
Ohio, while continuing to subside, was located far from the provenance for terrigeneous clastics.
Deposition of the Lockport Group and the undifferentiated dolomites of the Salina Group further
exemplify the guiescence of the period. Northwestern Ohio was sub-aerially exposed during the
Upper Silurian and Devonian Periods and srosion removed the 1op of the Salina Group. While
the entire area of Ohio was probably covered by Mississippian through Lower Permian
sediments, at one Hime, subaerial exposure and associated erosion during he Mesozoic and
Cenozoic removed these formations (Bownocker, 1220}

Pleisiocene glaciation cesulied in the deposition of Wisconsian-aged end moraines, ground
moraines and associated outwash plains disconformably upon the post-Silurian erosional surface.

Regional Stratigraphy

The siratigraphic nomenclature utilized in this report is shown ofn the generalized strafigraphic
eolumn (Figure 4-5). Reagional cross-sections A-A" and B-B' (Drawings 4-1 and 4-2), are includad
io show ragional continuity and characteristics of the Palepzoic formations.

Precambrian Basement Compiex _

The Pracambrian unconformity surface in Onio is divided by the Grenvilie Front which separates
metarmorphic rocks of the Grenville Province from the oider Graniie-Rhyolite Province and East
Continent Rift Basin sedimantary and volcanic rocks in wesiemn Ohio (Baranoski, et al, 2002}
(Figure 4-2). The Grenville Province 1s younger than the East Continent Rift Basin rocks.
Theories of Precambrian rifiing proposed by Lucius snd Von Frese, 1988, and ofher workars
were substaniiated with the discovery of Precambrian aged sedimentary rocks in the stratigraphic
test drilied by the Ohio Geological Survey in Warren County in 1988, and the stratigraphic test
(WDW No. 4} dgrilled by INEOS in 1691, This l=d to the re-exarmination of cutiings rom wells in
Ohie and it was discovered that Precambrian sampies previously descriped as graniiic were
actually sedimeniary rocks,  This revealed that precambrian sedimentary rocks lie
unconformably betow ihe Cambrian section and ied 10 the naming of the Middie Run Formation
(Shrake, et al, 1080, 1891, 1992, Drahovzal et al, 1892} Drahovzal et al, (1982) estimaies
upwards of 20,000 feet of sedimsntary angd volcanic rocks coulid be present in the £ast Continent
Rift Basin (Figure 4-6).

The Middie Run Formation in the Warren County test is & well indurated, fine fo medium grained
sandsione that is predominantty silica cemented. The approximate arsal extent of the sandsione
was determinad io be 30 miles wide by 29 miles long extending across wesiern Ohio (Shrake,
etal, 1991). The INECS stratigraphic test well penetrated 256 fzat of the Middie Run Eormation
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hefore reaching a iotal depth of 2400 feet. The upper portion of the Middie Run fies within the
injection interval.

Mt Simon Sandstone {Cambrian)

The Wit Simon is & widespread, very fine to coarse grained, partly conglomeratic sandstone that
fies unconformably upon the pracambrian in western Ohio, A hasai conglomerate overlies the
Brecambrian erosional surface (Janssens, 1973). in a recent M8 Thesis from Bowling Green
State University, Saeed (2002) describes the Mt Simon in the ODNR Warren County well as a
generally coarsening upward sequence of sandsione, silisione and minor clay stone, Tidal
rhythmites, flaser, ienticular and wavy bedding, mud-drapes, intraclasts and significant
micturbation structures aftest o 2 shallow tnarine tidally-influenced depositional seiting. The
coarsening upward sequence is interpreted as a transgressive barrier sequence which migrated
above 3 basal lagoonal esiuarine succession (Saesd, 2002} (Figure 4-8Y.

“ha ML Simon Sandstone lacks Index fossils and its precise age is unceriain (Sased 2002).
Trilobiies in the Eau Claire Formation (above ihe Mt Simon) are late Middle Cambrian o early
iate Carnbrian in age which implies the Wit Simon is roughly Middie Cambrian (Babock, 1984).

Historicaliy,‘ the ML Simon has been distinguished from the overlying Eau Clairs Formation by the
absence of giauconite (Janssens, 1973}, However, s0iné glauconite may be present at the iop
of the Mt. Simon indicating increasingly marine condifions, Glauconiie was noted in the top of the
Wit Simon at the INEOS site. The Mi. Simon Sandsione ranges in thicknass regionally from 140
taat to 350 feet (Janssens, 1673) (Figure 4-7). The Wit Simon i 340 feet thick at the INEOS
facility.

The contact and correlation of the Eau Claire-Mi Simon Sandstone i8 furiher discussed in the
section on Locat Geology. However, i should be noted that the contact displayed on the regional
cross-sections is the preferred pick of the ODNR (Rea and Wicksirom, et al, 1881) However,
Sased (2002) picks the fop of the Mt Simon at the top of the lowel gamma ray resbonse at the
top of the more messive sand sequence (Figure 4-9Y,

Eau Cleire Formation {Cambrian)

The Eau Claire Formation conformably overlies the M Simon Sandstone and CONSISS of very
fine to fine grained, glauconific guariz sandstone, siltstone, dolomite and shaie {Janssens, 1873).
It is more sandy at the base with carbonate content increasing In the upper part of the formation.
- Approximately 34 miles ezst of the study area there is a facies change where the Eau Claire is
subdivided inio the Kerbel, Rome and Conasauga Formations (Figure 4.0

The Sau Claire ranges in thickness from less than 300 fest in the northeast 1o more than 500 feet
i the southwest. The Eau Claire is 387 feet thick at the INEOS site and comprises part of the
injection and arrestment intervals.



Knox Dolomite {Cambo-Ordovician)

The Knox Dolomite (undifferentiated) in northwestern Ohio is composed of white 0 fight gray
crystaliine dolomite containing glauconitic siltstone and minor interbedded silty dolomite near the
base of the formation (Janssens, 1973).  Glauconite is present nsar the fop of the formation
fpickstrom, et al 1892} The bage of the Knox is transitional with the Eau Claire Formation. The
Knox Dolomite ranges in thickness from approximately 200 feet in the northeast o approximatety
200 feet in the southwest (Figure 4-11). The Knox Dolomite is 590 feet thick at the INEOS site
and the lower haif is the confining zone for injected fiuids.

Welie Craek Formation {Ordovician] ‘
Lying unconformably upon the Knox Dolomite, the Wells Cresk Formation is composed of
distinciive green, waxy, dolomitic and pyritic shale with some argiliaceous carbonaies, brown,
gray and biack shales, and minor amounts of sandsione and siltstone (Wickstrom).  The
thickness of the Wells Creek is retated o the Knox Dolomite naleotopography, i.2., thin sections
of Wells Creek correspond {0 thick sequances of Knox Dolomite (Wickstrom, i al, 1292). The

maximum thickness of the Wells Creek is 30 feet. The Walls Creek is 18 st thick ai the INEQS
site,

=iack River Group (Ordovician)

The Biack River Group conformably overlies the Welis Cresk Formation except where relizf on
ihe post-KnoX erosional surface was enough 1o praciude dspoesition of the Welis Craak, in which
case it fies upon the Knox unconformity,  Lithologically, the Black River group consists of fan,
fight-brown or gray micritic to finely crystalline limestone with some fossiliferous zones.
Benioniies are abundant at the iop of the formation (Wickstrom, et ai, 1992). Regionally, the
thickness of the Black River Group ranges srom 300 feet in the west to 480 fest in the easi
(Figure 4-12). The Black River Group is 381 feet thick at the INEOS site.

Trenton Limesione {Ordovician)

The contact of the Trenion Limesione and Black River Group is conformabig and is detarminad
regionally on the basis of & promineni bentonite marker. in general, the Trenton Limesione is a
tossiliferous imestone with a dark-gray to light-brown rnairix. Thin shale beds are common. The
Trenton Limestons in northwest Orio consists of platiorm, platform margin and open shelf facies
(Wickstrom, et al, 19g2) (Figure 4-4). The INEOS site is within the platform facies. The fop of
the Trenton was an imporant oif producer during the earty 1800’s.

The Trenton Limesione ranges in thickness from 200 — 300 feet to the northwest and fhins
abruptly 1o less than 400 feet to the southeast (Figure 4-13). Southeast of the Trenton platform
the Point Pleasant interbedded shales and fimestone were deposited (Figure 4-14), The Trenton
Limestone is 174 feet thick at the INEOQS Tacility.

Cincinnati Group - Undifferentiated (Ordovician)

The contact of the Cincinnati Group with the underlying Trenion Limesione is gharp and easlly
distinguishable on geophysical 10gs. The Cincinnati Group grades upward from fight to dark gray
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caicareous shaies and silty shales o light-gray fo green calcareous shales interbedded with fine
o medium crystaliine fossiliferous ymestone and dolomiies (Wickstrom, et al, 1992). The
Cincinnati Group ranges from 700 feet to the west {0 approximately 950 teet to the east (Figure 4-
45). The Cincinnati Group is 888 feet thick at the iNEGS siie.

_owermost Undifferentiated Silurian Rocks _

The contact of the lowermost undifferentiated Silurian rocks with the undertying Cincinnatl Group
is thought io be unconformable in Indiana hased on faunal evidence. Howevar, no physical
evidence s present in nonhwestern Ohio  (Wickstrom, et al 186¢2). The lowarmost
undifierentiated Silurian rocks consist of thin bedded gray calcareous shales and white crystaline
imestonaes. in north-central Ohio, the iowermaost undifferentiated Silurian rocks can be divided
into the Brassfield Formation {argitiaceous fimestone), the Cabot Head Formation (limestone) and
the Dayion and Rochester tormations (shale). Through 2 series of facies changes and pinchouts,
these formations do not correlate to the west, {As discussed in the Hydrology section, the base of
the lowermost undiferantiated Siiurian rocks is defined as the base of the lowermost USDW )
The lowarmaost undifferentiated Silurian rocks are 58 feet thick at the INEOS facility.

Lockport Group (Siturtan) ‘

The Lockport Group, aiso referred to as the Lockport Dolornite, is subdivided regionally inio the
Gasport, Goat Island and the Guelph Dolomiies. These formations are present throughout the
region but the contacts between them are ransitional, making correlation between them ienlous
and therefore are not differentiated in this study. The Lockport in Ohio and adjacent areas is
wnown for containing reefs, massive aecumulations of skeletal framework and debris from an
abundance of reef bullding organisms (Hansen, 1588). The Lockport Group is 100 feef thick at
the INEOS site.

Pisistocens Glacial Deposits

During the Mesozoic and Cenozoic, the region weas subaerially exposed resuliing in modsarate
relisf topography and incised drainage. The Lockport Group is the main source of drinking water
in northwestern Ohio and the base is considered to be ithe base of the 3000 mgiL USDW. As
discussed in the section on Geologic History, post-Silurian rocks were removed by erosion. The
Plaistocens in the study arsa consisis of Wisconsinan giacial deposits. These lie disconformably
upon the post-Silurian srosional surface and consist of end moraines, ground moraines and
outwash piains and range in combinad thickness from 30 10 300 feet (Figure 4-18). The ror
Wayne, Wabash and St Johns moraines Cross the study area aiong casi-west fines and are the
most prominent remnant glacial landiorms in the area (Figure 4-17}.

Regional Structure
This section is a discussion of the Presambrian struciural elements of the region and ihe relafion
o ihe overlying Paleczoic section, in which the Cambrian-Mt. Simon and Eau Claire Formations

comprise the injection zone, and the fower half of the Knox Dolomite comprises the confining
zone at the INECS site.
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Tha regional structure on the Precambrian unconformity and the relation io Paieozoic siruciure is
interpreied and discussed based on regional studies encompassing magnefic gravity, seismic
and well data (geophysicai i0gs and cutiings).

The Grenvilie Front (Grenville Tactonic Zone) and the East Continent Rift Basin (Fort Wayne Rift)
dominate the Precambrian struciure of norhwastarn Chio (Figure 4-23.

The pesition of the Grenvile Front is well defined by the residual aaromagnetic map of the staie
of Ohie {(Wickstrom, et al 1882) (Figure 4-18). The Grenville Front is the result of the
compressional phase of the Grenville Orogeny, when rocks of the Grenville Province were thrust
(north-norihwestward) onio the oider craton (Hoehn and Hinze, 1992).

Located approximately 30 miles east of the INEOS facility, the Bowling Green Fault Zone and the
sssociated ouilet faull zone coincide with the Grenvilie Front (Wickstrom, et al, 1882) (Figure 4-
3). The Bowling Gresn Eault is reverse in nature, upthrown io the sest and extends at leasi 45
miles from Hancock 1o Lucas County. Due 1o deviations of its trace, variations of offset and
several sssociated faults, the fault zone is considered fo he a complex wrench sysiem
(Wickstrom, et al, 1992). it is interpreted io have had three primary episodes of movement,
Precambrian, Ordovician, ang Silurian.  Ordovician movement and displacement of rocks s
evident on & seismic profile (Figure 4-19). An episode of fauling occurred concurrent with of
slightly after Trenton deposition, probably 2 pyproduct of the Hudson Vailey Phase of the Taconic
Orogeny {Tius, 1088 Wickstrom, et al, 1902). Structural contour Mmaps of the Knoy, Trenton and
Cincinnatl Groups exhibit displacement alond the faul zones (Figures 4-20. 4-21 and 4-22}.
Siurian movemeant 8 exempiified by exposures of Silurian bedrock at the France Sione Co.
VWatervile Quarry in Wood County. At this Ouicrop, fauli gouge 's apparent (Wickstom, af al,
1882). Recurrent movement of the Bowiing Green Faul zone is confirmed by Onasch (1985).
Onasch has documsnted not only several periods of Paleozoic movement but possibly
Cretaceous and younger activity.

The second feature important io the Precambrian structure of porthwesiern Ohic is the East
Continent Rift Basin and sssociated Fort Wayne Rift Zone (Figure 4-2). In recent years, much
atention has been focused Of this area, especially afier the discovery of Precambrian
sedimentary rocks baiow the Carbrian Mt Simon Sandstone, in the Warren County stratigraphic
test conducted by the Ohio Geaoiogical Survey (Shrake, et al, 1030) and by the stratigraphic test
well (WDW No. 4} drilied by INEOS in 1991,

Many workers had speculated on the presence of Precambrian rifts in wesiern Ohia, using
magnetic and gravity data (Baranoski, 2002). The discovery of Precambrian sedimentary rocks
(Middie Run Formation) was additional proot of Precambrian rifting and the existence of the East
Continent Rift Basin and the sssociated Fort Wayne rig Zone (Figure 4-2).

The East Continent Rift Basin (Fort Wayne 2ift Zone) is postulated o be slightly older than the
Grenville Province, but post-dates the Central Granite-Rhyolite Province (Drahovzal et al, 1982
Hoehn and Hinze, 1882},



The siruciure coniowr map of the Brecambrian published by the Ohio Dapartment of Natural
Resources, Division of Geological Survey (Barancski, 2002) uiilized available well control and
selemic data (Figure 4-23, entire map Appendix 4-1). As depicted on the map, a series of fault
biocks have been mapped along the Cocorp (OH-1) seismic fine run through Shelby, Logan and
Uinion counties. This fins is approximately 418 miles south of the INECS site, This seres of fault
hiocks is coincident with the Fort Wayne Ri Zone and coincides with the asromagnetic
anamolies mapped by Hildenbrand and Kucks (Figure 4-18} in 1884,

Paleazoic structure maps compiied by Janssens (1873) and Wicksirom st al (1992) do not
indicate any evidence of Paieozoic involvement or reactivation in this area of faulting (Figures 4-
20 through 4-25). In addition, and as wilt be discussed in more detail in the section on Local
Struciure, no evidence of Paleozeic movement is evident on seismic lines run naar the INEOS
facility (Brune, 1981, Baranoski, 2002; Paramo, 2002 Wolie 1893).

Sevaral unpublished studies which inciude Heidorn (M.S. Thesis, 1879) and Stone ang Websisl
(1978), postulated the existence of a number of faulis in northwestern Ohio which previously were
unrecognized. These have been named ihe Annaz, Auglaize, Logan-Hardin and Union Faults
(Figure 4-26).

Thers is some correlation of a portion of the Anna, Logan-Hardin and Union Fauits io both the
faults mapped on the Cocorp OH-1 iine and anomalizs on the aeromagnetic map. Howeaver, the
spaculative Auglaize Fault doss not seam 1o correlate with the seismic line or the asromagnetic
map. The Auglaize Fault trend is depicted on the Precambrian struciure map of Baranoski 2002
25 inferred with "displacement guestionabie.” In addifion, &s Wickstrom, et al (1992) states, there
s no direct evidence of Paleozoic movement along these trands and their pesitions are highly
speculalive.

The ciosest (approximately 8 miles) proposed fault 1o the INEQOS site is the Auglaize Faull that
has been studied by several workers. The studies will be summarized balow,

Stone and Webster (1976) reported that the Auglaize Fault trends northeast-southwest, s
upthrown to the southeast and has dispiacement of 50 feet on top of the Trenton Limestone
(Janssens, 1891); Appendix 4-2; Figure 4-27). However, as stated by Janssens, only selected
Trenton wells were utilized to confirm the sqult trace and if all Trenton data is incorporated, the
fault cannot be mapped and only regional dip is present.

Heidorn (1978) is a2 M.S. Thesis frorm Wright State University that theorizes that 2 fault (Auglaize)
influencad the development of the buried hedrock valisy, a tributary of the Teays Valley System,
which bisects Auglaize County. To support this, a gravity survey was made to gather bedrock
information and a Trenton structure map was constructed.  As in the case of the Stone and
Webster report. only seiected Trenton welis wers incorporated into the thesis and if all available
data were utilized, oniy regional dip is present (Janssens, 1081) {Appendix 4-2). In addition, it is
Janssens' opinion that a gravity study “is & proper one o expiore for such features as salt domes
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and ore bodies but not fo search for such subtie density — conirast features such as Precambrian
hasement or overlying Paleozoic sadimentary rocks.” It is aiso important to note that Heidorn's
version of the fault is mapped 1o the west of Sione and Websier's Auglaize Eault and the sense of
throw is reversed, Le., upthrown to the northwest instead of fo the southsast.  This further
exemplifies the highly spaculative nature of the Auglaize Fault.

Wickstrom (1890, 1882) proposed that the Auglaize and Logan-Hardin Faults were contraliing
faciors for the development and position of the Trenion carbonate platform and that they nad
possible Paleczoic reactivation. Howsver, structuré maps of the Knox Dolomite and Trenton
{ imestone show only regional dip 10 the northwest (Figures 4-20 and 4-21).

In response to the possibility of Trenton age and Paleozoic taulting in general, Rike {1889)
performed a deiaiied subsurface structural analysis (Utiizing extensive well controly of the
Trenton Limestone for a distance of 8 miles surrounding the INEOS site (a summary by S.A. Lang
of the Rike, 1988 report is included as Appendix 4-3). Although some small scale closures are
mapped, no faults were datecied in this siudy (Drawing 4£-3).

Regionally, as far as Paleozoic section is concerned, thers is definite proof that thers was
reactivation along the Bowling Green Fault Zone, which is approximately thirty miles from the
INEOS site (Figures 4-20, 4-217 and 4-22), There is also evidence of Pateozoic reactivation along
the Fort Wayne Rift Zone which is approximately 14 miles south of the INEOS site (Baranoski,
2002). Baranoski (2002) uiiized the COCORP OH-1 saismic ine as nart of his study (Figure 4-
93 Appendix 4-1). This is in contrast o the work of Janssens (1973), which ufilized limited well
contre! and did not reveal Paleozoic fauliing along the area iater designated as the Fon Wayns
Rift.

The aeromagnetic map (Figurs 4.18) of Hildenbrant and Kucks (1884) which is wiilized in
Wickstrom et al (1882) displays significant magnetic anormalies which align and coincide with the
Fort Wayne Riff (14 miles South) and Bowiing Green rault Zones (31 mites East). No anomalies
of this intensity or insar nature ocour in the immadiate vicinity of the INEOS site.

in the region adjacent fo the INEOS faciity, Precambrian and Palaozoic siructure fo the top with
the Eau Claire exhibits regionai dip t© the northwest, changing fo & more northerly regional dip on
progressively younger sormations (Figures 4-20 through 4-2% Janssens, 1873, Wickstrom, 2t ai,
1992). in addition, the cate of dip decreases upward in the section. This ceincides with
Wickstrom's (1992) description of the Indiana Ohio piatform structural refief as resulting from
differential subsidence of the surrounding basins as opposed 10 tecionic upiift.

in conclusion, it appears thai the closast documenied Precambrian faulting with Paleozoic
reactivation is focated approximaiely fourteen miles o the south of the INEOS site in the Fort
Wayne Riit Zone, Baleorzoic reactivation also occurred aiong the Bowling Green Fault Zong,
approximately thirty miles o the east of the INEOS site. Ths highly spaculative Auglaize Faull,
approximately 8 miles southeast of the site has questionable Precambrian displacement and
highty unfikely Paleozoic movement (Baranoski, 2002). Further discussions on jocal structure
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and interpretation of seismic fines run at the INEOS siie are provided in Section 4.2.1 and 4.2.1.1.
These lines were vely useful in definsating structure at the INEOS site, consigering the paucity of
sub-Trenton data (well control}.

Selsmic Activity 7

Earthquake epicenters within the INEOS region are tapuiated in Appendix 4-4, bassd on
information through May 1. 2040, from the Advanced National Seismic Sysiem. The region
searched for earthguakes s 78° W io 90° W longitude and 36° N fo 45° N iafitude. A map
showing earthauakes in this region is inciuded in Appendix 4-4. Also inciuded in Appendix 4-4
and as Figure 4-28 is @ map of sarthquakes local fo the INEOS site. Figure 4-28 shows
sarthguakes that have baen recorded from 1775 through May 1, 2010. The University of Michigan
monitored the Anna Seismogenic Region, where the INEOS facility is located, from 1976 io 1982
Significant nistorical sarthguakes tnrough 1282 in the general vicinity of the INECS site, reported
in literature and recorded by the University of Michigan are isted in Table 4-1. In addition, INECS
maintains 2 seismic monioning instrument on site that has been operational since Warch 1981
Seismic records are obtained with a Mark Products downhoie irigxial geophone and fransducers
and a Kinemetrics recorder. The operation of these instruments is summarized in guarterly
reports. A recent seistmic monitoring guarterty report is included in Appendix 7-8. During the
period 1889 through early 2005, no jocal events recorded by the instrumants dispiayed
characteristics associated with sithar natural or induced sejsmicity. any events are atiributed o
high lavels of activity and background noiss associated with INECS facility operations, such as
passing frucks (Geoscience Services, 1981).

Two local earthguakes occurred near Lima in 2008,  the May 12, 2008, earthguake with
magnitude 2.8 and the August 15, 2008, earthquake with magniude 2.5, Both svenis were
located approximately 2 miles eact of the INEOS faclity. A series of 85 local microsarthquakes
was recorded by the INEOS saismic monitoring sysiem beginning on March 25 2005, and ending
on Warch 28, 2008. The following description of the magnitudes and jocations of the
microsarthquakes was excerpted from YWesion Geophysical (2006

Anatyses of recorded ssismograms inciuding measuremant of peak vibration amplitudes
and time separation bestwesn P and S wave arrivals produced the foliowing estimated
magnitudes and tocal distances from the BPC seismic monitor, Magnifudes range from -
15 to +0.5. Four evenis are located closer to the monitor in a distance range from about
15 to 2.5 km. Remaining events ars more distant in the range of about 4.0 10 5.0 km. All
events are foo small to have been detected by regional seismograph siations, which
typically operate with a magnitude defsction threshold of M=2.0, or larger. Thergfore,
accurate locations for ihese gvents cannot be determinad using just the single station
racords obtained at BPC [the INEOS setsmic station].

INEQS has nof recorded any seiemic activity refaiad to injection aperations.

The historical data indicate the majority of seismic activity has ocourred near Anna, Ohio where
the first well-documenied sarthguake in Ohio was racordad in 1875, 1t was estimated io be a
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&.2.1

4.2.9.1

Miodified Mercall Iniensity VI, intense enough to cause damage to poorly constructed buildings.
Appendix 4-5 describes the Modifieg Mercalli intensity Scale.

The small- io medium-sized earthguakes of the Anna Seismogenic Region shown on Figure 4-28
coincide with the Precambrian faulis of the Fort Wayne Rift Zone delinsated by the COCOR?
(OH-1) selsmic ling and depicted on the Pracambrian siructure map compiied by the ODNR,
Division of Geological Survey (Baranoski, 2002, Figure 4-23). The depths of the smail evenis
northeast of Anna are between three and six miles based on P-wave arrival time.  tn general, the
selsmicity of the Anna Seismogenic Region is consistently deeper than three miles for the events
in which data are available, These gepths are consisient with the concept of deep-seaied

Precambrian faulting and are considerably desper than the injection zone at the INECS facility.

Local Geclogy

The following sections present the gsologic information available in the vicinity of the INEOS
injection weil facility.

{ ocat Structurs

Seismic refiection data were coliected by INEOQS during the period from 1888 10 1981, Details of
the seismic reflection survey and a summary of the results are summarized in this section. The
original report (Brune, 1081) is included as Appendix 4-8. Cross-sections A-A” and B-B' show the
continuity of the injection zone and shallowar horizons (Drawings 4-1 and 4-2.

Due io the lack of well control desper than the Trenton Limestons, only very logal struciure
contour maps of the Top of Mt Simon, Ead Claire and Knox Dolomite could be generated
(Figures 4-33, 4-34 and 4-35). Rike (1888) performed 2 detailed structural analysis of the
Trenton Limestone utilizing abundant well control,  This map is included as Drawing 4-3. A
summary by S.A. Lang of Rike’s report is included a3 Appendix 4-3.

Seismic Reflection Survey

A seismic refiection survey was conducted by INEOCS from 1988 1o 1981 in order to mest the
permit requirements in Ohio EPA Part I1{D}5) for the nermitiad deep wells that reguire “adsquaie
seismic lines and profiles. . 10 provids information on the deep structure of the area” (Brune,
1991). A detailed description of the seismic program and evaiuation is provided in Appendix 4-6.

The following summary is pesed on Brune (1991}

Approximatsly 70 miles of seismic data, all of which were 30 or 50 foid, were acquired on 13
iines. A synihetic seismogram was generated from a sonic log from the INEOS injection weils
(Figure 4-30}. Al of the acguisition work and most of the processing was performed by
geophysical contraciing companies. Tables 4-2, 4-3 and 4-4 summarize the chronology,



acquisition and processing parameiers., Fof guality contro! during the 1880 and 1980 program, &
third party technical represeniative was present guring acquisition.

The selsmic investigation of 1988 and 1969 focused on the area southeast of the INEOS facility
in order fo investigate the presence of the postulated Auglaize and Teay Tributary of related
taulte and most imporiantly, evidence of Palenzoic reactivation. The 1890 selsmic program
consisied of sast-west and north-south lines that boxed in the INEOS site and provided the points
for the 1088 and 1980 data (Figure 4-31). Three seismic refiectors were recognized and utitized
in the study: the Trenton, Eau Claire and the Mt Simon. The synthetic seismogram was
correlated to the seismic lines as shown in Figure 4-30, The best reflector correlates to a ftight
sone near the top of the Eau Claire Formation and could be traced throughout the area. Precise
picks of the base of the Mi Simon (Top of Precambrian unconformity), evenis within the
Sracambrian and the top of the Knox Dolomite were not possible.

interpretation of the Pracambrian structure indicated that there is evidence of Precambrian
structure consisting of possible faults or fracture planes. In most cases, these lack evidence Of
vertical throw. Brune (1881}, Chapter 6, p. 2, para. 4 siates "There is evidence of some faulting
in the pre-Mt Simon, and there is probable evidence of many possible fracture/fault pianes seen
by horizontal sefsmic event terminations and dim spots. However, thers is a significant concerm
that such events can be confused with various noise sources and/or out-of-the-plane seismic
evenis” Also see p.3, chapter 5, Horizonta! Noise and Fault Planes.

The Eau Claire reflector was constant throughout the area and showed no evidence of faulfing.
Siatistical scatter of the Eau Claire reflector was enough to obscurg the known regional dip
(northwest) which made contouring the data pointiess. However, it can be determined that the
Eau Claire Formation is essentially flat The Trenion Limesions reflecior was consistent
throughout the arez and also showed no evidence of the faulting. However, the depth resolution
of the seismic daia is much less than subsurface mapping based on well control.  Therefore,
rather than a Top of Trenton seismic map, an isochron map of the Top of Trenton to the Top of
£au Ciaire (dolomitic shaleffine grained sandstone near the iop of the Eau Claire) was compited,
4 was found that the isotime interval was constant.  This is an excelient indication that the
Pracarmbrian had no control ovar the deposition of the overlying Paleozoic and thus reactivation
of deep-seated Precambrian features during the Paleozoic did not ocour. The Mt Simon refiecior
had even more siatistical scatier than the Trenton or Eau Claire and any isopach mapping
involving the Mi Sirnon was not useful to the study.

The selsmic lines acquired and evaluated by INEDS were also analyzed and incorporated inio &
Precarmbrian structure map compiled by the ODNR, Division of Geological Sunvey (Baranoski,
2002). No faults with definite Precambrian movement of Paleozoic reactivation were mapped on
these fines (Figure 4-23; Appendix 4-1).

in a MS Thesis performed at Ohio State University, Paramo (2002) reprocessed and evaluaied

the INEDS lines. Paramo notes evidence of Precambrian fauliing which he interprets as
extensional due to ihe formation of the East Continent Rift Basin and concludes the “Cambrian
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and Ordovician straia are flat heneath the seismic lines {p.112 para. 2)." He also stafes thal
Cambrian-Ordovician sediments are near constant thickness throughout the study area {(p. 73,
para. 2). 1his agrees with the isochron work of Brune (1991). Paramo’s model for the subsuriace
geology of Alien County is provided as Figure 4-32. His model does not include any evidence Tor
Palaoroic reactivation. ,
Wolie (1983) also analyzed the INEOS seismic lines and ideniified Precambrian fauliing. As
goes Bruns (1981), Paramo (2002), his report does not give evidence for Paienzoic reactivation
on the INEOS lines (Figure 32-A).

In conclusion, studies of the seismic lines at the INEOS faciiity have indicated that

1 Evidence of Precambrian structural features exist, such as tmult or fracture planes (Brune,
1991, Paramo, 2002, Volfe, 1983%  However, these had little to no vertical throw and
some possibly are noise related (Brune, 1981).

2 The Precambrian faulis/iraciure planes do not seem 10 correlate from ling fo line (Brune
10¢1) and the Precambrian structure map of Baranoskl (2002) which utilized these lines
does not display faults in the area in guestion.

4 The Trenton, tau Claire and Knoy Doiomite refleciors showed no evidence of Paleozoic
tauliing (reactivation of the deep-seated features) (Paramo, 2002 Brune 1881, Wolfe,
1983).

4 Although Paleczoic sedimentation was influenced by recurrent fautt movement and
Pracambrian paieciopography aiong the COCORP OH-1 saismic line 14 miles south of
the INEOS facility (Baranoski, 2002) and regionally in other areas, isochron mapping of
seismic fines at the INEOS faciity on the Top of Trenton to Top of Eau Claire showed
uniform thickness of the siratigraphic units, thus indicating that local Precambrian
structure or paleotopography had fittie influence on Paleozoic sedimentation.  This is
strong evidence that in contrast o the Bowling Green Fault Zone and the Forl Wayne
Rifi, the deep-éeated Brecambrian features did not undergo Paleozoic reactivation.  As
stated previously, this iz supporied by the wark of Paramo (2002}, Brune (1291} and
Wolte (1983). |

4.2.1.2 Local Structure Wiaps and Cross-Sections

Cross-sections A-A’ and B-B' (Drawings 4-1 and 4-2) raverse sast-west ang north-south through
the INEOS injection wells. The section from the Lockport Dolomite 10 the Mt Simon Sandstone
and Precambrian is disptayed and shows tateral continuity of the farmations, and lack of fauliing.

Athough lack of well contro! in the immediate vicinity of the INEOS faciiity prevents detaiied
structure contour mapping on the fop of the Mi Simon Sandstone, Eau Claire Formation and
Knox Dotomite, siructure confour maps of these three horizons are included as Figures 4-33, 4-
34 and 4-35.



4£.2.2

4.2.2.1

The structure maps of the Top of the Mt Sirmon Sandstone and Eau Claire Formation show dip of
spproximately 26 - 30 fast/mile to the northwest This coincides well with the work of Shearow
(1887), and seismic work of Brune (1281}, and the gocumanted regional structure.

—t

1))

he top of the Knox Dolornite map shows dip of approximately 100 iset/mile 1o the southwest
he southwest dip coincides with work of Wickstrom, et al (1982} where a trough on top of the
Knox appears to exist hensath the INEQS facility (Figure 4.20). The sieeper dip of top of the
Krox Dolomite, is probably refiective of palectopography (due 10 karsting) 2s the Knox thins from
WDWs No. 1 and 3 (northeast) 10 WDWs No. 2 and 4 (southwest) {Drawings 4-1, 4-2 and 4-4;
see also section on Regional Stratigraphy).

As discussed in the section on Regional Structure, Rike {1891) performed & detailed structural
analysis of the Trenion {imestone within an 8-mile radius of the INECS facility. A sumimary by
g A, Lang of this report is provided in Appendix 4-3. The Top of the Trenion Map is displayed as
Drawing 4-3. Ag shown on the map, several small closures are mapped on top of the Trenton. As
siated previousty, the Trenion LUimastone at the INEQOS site is interpreted by Wickstrom et al
(1982}, o lie within the platform margin tacies. Several of the closures align southwest o
northeast, coincident with the trend of the platform margin. Since No evidence of deeper closed
anticlinal feaiures has been presenied by Brung (1681), Baranoski (2002), Paramo (2002) or
Waolfe (1893) in saismic interpretation in the area of the INEOS site, it is likely that these closures
are the resul of depositional topography on top of the Trenton Limestone, which is consistent
with a platform margin satting (see Geologic History and Regional Stratigraphy discussions). No
avidence of faulting is indicated on the struciure map. This coincides with the seismic analysis
performad by Brune (1981). Paramo {2002), Baranoski (2002) and Wolie (1883).

in conclusion, structure mapping from well control and seismic data of the Mt Simon, Eau Claire,
Knoy and Trenton Formations indicates that the Paleczoic section has not been faulted in the
vicinity of the INEOS facility and therefore the injection zone is not structurally compromised.

Wellsite Lithology
Properties of the Injection Zone

The injection zong ai the INEOS site s comprised of the Mt Simon sandsione and Eau Claire
Eormation, and in some welis she Precambrian Middie Run Formation. The INEOS injection zone
was subdivided into a number of different intervals in order 10 consarvatively over estimate the
gross injection zong behavior, These intervais are defined below. The injection zone and these

intervals as applied o the INECS injection wells are ilustratad in Figures 4-36 and 4-37, and
Drawings 4-4 and 4-5.

parmitted injection interval

The portion of the injection zone imio which the wastewaier is directly placed. At INECS Lima,
this corresponds 10 the openhole portion of the iniection welis.
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Effsctive Injection interval

The portion of the injection zone that diractly receives the injecied wastewater from any of the
INEOS Lima welis at a radial distance trom @ wellbore, This contains the modeled injaction
interval. The dimansions of the effective injection interval are greater than the permitted injection
intarval because of the potential for verical fuid flow in the relatively low-permeability strala
imrmadiately overlying and/or underlving the parmitied injection interval.

Pagsive Injection interval

The passive injection interval was defined by INECS in ordar to conceptualize a conservaiive
oredictive model.  This interval consists of the sirate above the modeled injection intarval
undertying the arrestment sirata (containment interval). This interval does not directly influence
the inisction interval reservoir behavior during the injection activities due fo its low permeability
and porosity (reservoir) properties. However, since the DSTs conducted in WDW No. 4 indicate
the potential for injectate in this passive injection intarval it has bsen included in the effective
injection interval.

Modeied Injection Interval

The portion of the efiective injection interval that directly receives the injected wastewaier and
possesses the ressrvoir nroperiies that govemn the injection pressure. The modeled injection
interval and the passive injection inierval torm the effective injection interval

Arrestment Sirata

The strata zbove the effective injsction interval that impades vertical fiuid movarmnent from the
affective injaction interval. Al modeled variical fransport of injected wastewater components will
be contained within the arrestment siratz (containment imarval) for 2 minimum of 10,000 years.
Figure 4-36 summarizes information for this interval.

The discussion of the local wellsite iithology of the three formations representing the injection
zone (Middie Run, Mt Simon, Fau Claire) focuses on results obtained from coring the
stratigraphic test well (WDW No. 4), cuitings and geophysical log data obtained on all four
injection welis. A ithologic composite log graphically displaying the core descriptions is included
as Appendix 4-7.

The measurad and subssa dapths along with formation thickness comprising the injection zone
(and all panetrated sormations) is provided in Table 4.5

Middie Run Formation (Precambrian)

As illustrated in Figures 4-36 and 4.37 and Drawings 4-4 and 4-5, the lowermost porfion of the
injection interval iies within the uppermost part of the Middle Run Formation. The top of the
Precambrian was not penetrated in WDW No. 1. The fargest amount of Middie Run drilled was in
the stratigraphic test well (WDW No. 4), This section will be discussed below.

A total of 255.5 feet of the Middle Run was cored in WDW No. 4 The fotal thickness of the
Middie Run is unknown as the formation was not completely nenetrated.
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The contact between the Middie Run and the overlying Mt Simon is characterized by an abrupt
lithologic change from & conglomeratic sandsione in the Mi. Simon to 2 fine grained argillaceous
sandstone with no visible intergranuiar porosity at the top of the Middle Run. The overall Middle
Run section in the WDW No. 4 consists of interbeddad sandsione and siitsiona ranging in
thickness from 30 1o 60 feet

The sandsione is generally 2 medium to dark reddish brown. argiliaceous, well-sorted, fing
grained guartzose feldspathic sand (see Phoic C-1, Appendix 4-8). The sandsione is
occasionally cross-bedded.

Bedding sirike Is strongly oriented sastwest with iess than 30 degree dip, generally to the south,
satural and induced fractures are prevalent throughout the core. in general, the silisione units
contain & greater overall percentage of the open, partially open and mineralized closed natural
fractures than do the sandstone layers.

Wit Sknon Sandsione :

The Mt Simon Sandsione averages 340 feet in thickness at the INEOS facility and comprises the
main poriion of the injection interval Lack of well conirol prevents & local isopach map. A
regional isopach i8 provided (Figure 4-7, Janesens, 1873). Due o the gradational naturs of the
contact with the overlying Eau Claire Formation, the iop of the Mic Simon was correlated by
representatives from ODNR and INEOS based upon 3 review of log and core data (Rea and
Wicketrom, st a, 1891}, All of the -cross-sections provided reflact the preferred correlation of the
ODNR that differs from Janssens (1973). Figure 4-8 dispiays the correlation of Sased, 2002
Daspite the differing opinions on the Mt. Simoen ihickness, the regional isopach iz usefu! for
displaying the overall iateral extant of the ML Simon.

The ML Simon regionally lies unconformably upon the Middie Run. This is evident by the abrupt
changz from the poorty soriad, heterogenous, angular, well cemenied rocks of the Middie Run
and the lighter, homogaenous, less cemented partially friable basal sandsione of the Mt Simon
(Saeed, 2002). The paucity of tidally influencad and bicgenic features in the Middie Run and as
opposed fo the Mt Simon, is also evidence for the unconformity (Saeed, 2002). Additional
svidence for the unconformity is notad by Wolfe (1883). He notes the absence of the Middie Run

in some regional selsmic seciions which suggests a long period of erosion prior 1o Mt Simon
deposition, in some seismic linas evidence of a low angle unconformity exisis.

The Mt Simon at the siie can he divided into two fithologic packages related o depositional
snviranment based on core descriptions (WDW No, 4). The lower portion of the Mt Simon (2970
- 3153 represents a Auviah-deltaic environment with increasing maring influence jowargs the top
of the seqguence, The upper portion (2813" - 2870") represents a wransitional maring sequance
characierized by the presence of giauconite. Sased’s interpretation is provided 28 Figure 4.8,

For the purpose of modeling, the Mt. Simon Sandstons was subdivided into three iayers (Drawing
4-4 and Figure 4-37).
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The MS, layer in WDW No. 4 avtends from 2870 feet o the Middle Run contact at 3153.5 fesl
The top of the MS, layer approximates Sased's (2002) Mt Simon top. This interval is
distinguished by 4 to § inch thick inferbedded dark red, white gray and tan sandstone (Photo C-2,
Appendix 4-8). Hematite staining Is present in dark red layers, which are very fine fo very coarss
to pebbty and occasionally congiomeratic, indicating non-marine deposition. The white, gray and
ian layers are typically medium-to-coarse grained sandsiones which are angulas and friable with
good o excelient porosity. This layer s extansively cross-hedded.

The M3, layer in WDW No. 4 (2840 ~ 2870") contains intarbedded white-gray, reddish-brown and
tan sandstones and siltsiones (see Photo C-3, Appendix 4-8). This layer is characterized by
abundant discontinuous clay compaction layers and laminations. Bioturbated, giauconific, very
sine to medium grained felaspathic and quarizose sandstones are present along with some
interbedded shales. This layer represents a transitional, increasingly maring environment of
deposition.

The MS, layer (2800° ~ 28407 consists of predominantly clay-rich sandstone with interbedded
siltsione and is gradational with the overlying Eau Claire. As discussed previously, the ODNR
pick for the contact is 5843 feet in WDW No. 4. The sandstons is typically white o 1an and light
io rust brown, very fine 1o fine grained, well-sorted and subanguiar 10 sub-rounded (see Phoio C-
4. Appendix 4-8). As in MS., the sandsione is feldspathic and guartzose. Near the coniact with
tha Eau Claire, glaconiie comprises up to BO% of the matrix, indicaling marine conditions. This
izyer is very argiiaceous. This is the primary control of afiective net porosity as effective net
porosity increases with decraasing clay content.

The Wt Simon Sandstone core contains few natural fractures. Two ypss observed are partially
open and clossd natural fractures, These are present only in the M3, Layer.

Eau Claire Formation

The Eau Claire averages in 382 feel thickness at the INEOS site. Lack of well conirol prevents &
local isopach map. A regional isopach is provided s Figure 4-10. As discussed previously, the
contact between the ML Simon and Eau Claire is open fo interpretation.  Thus the Eau Claire
thickness uiitized in the permit is different from Janssens (1973}, However, the regional isopach
is usaful for displaying the overai lateral extent of the Eau Claire.

As discussed in the Regional Stratigraphy section, the Cau Claire represents depoesition in a
transgressive maring sequente. The basal portion (gradationat with Mt Simon) is characierized
by glauconitic sandsiones, which grade to dolomitic sandstones and dolomites in the middie o
dolomite and mudstones near the top of the formation. The upper contact is also gradational with
the overlying Knox Dolomite. The contact was picked Dy representatives from ODNR and INEOS
(Rea and Wicksirom, af al, 18981).

For modeling purposes the Eau Claire was subdivided into six layers based on core and
geophysical iogs (Drawings 4-4, 4-5, Figure 4-37).



EC, is 25 fest thick in WDW No. 4 and consists of nierbaaded white, gray and light brown
sandstone and medium gray siltstone. Sandsionas are very fing to medium grained, sub-rounded
to sub-angular and are feldspathic and guartzose. Numerous clay-rich laminations ocCW (see
Proto C-5, Appendix 4-8). The hase of this layer is glauconitic. Exactive net porosity is controlied
by sitt and clay content.

£C, is approximatety 85 faet to 100 feet thick and is comprised of doiomite glauconitic sandsione,
argillaceous sandstone, silistone and dolomite. The sandsiong is light to dark gray of ian, very
fine grained and I8 sub-angular to anguiar. The sandstones are predominantly seidspathic with
some quartz and glauonite present. Clay laminations are common (Photo C-5, Appendix 4-8). In
addition fo clay content, the amount of quartz overgrowins control porosity and parmeability.
Crystaliine dolomites occur a8 thin mediurn gray to brown stringers.

£, consists of dolomitic, glauconitic sandstones approximately 80 feet in thickness. The
sandstone is medium gray brown, very fine to medium grained, sub-rounded fo sub-anguiar and
well cementad with dolomife and guartz overgrowins (Photo C-7, Appendix 4-8). Egual amounts
of quariz, feldspar and glauconitic grains are present.  Some secondary lzached porosity IS
present and as well was intergranular primary porosity.

EC, is approximately 70 feet in thickness and is composed of argillaceous doiomite limesions
and siliy shale. The doiomite is dark gray, medium crystaliine, silty and glauconific in part and
nzs low porosity (Photo C-8, Appendix 4-8). Dolomitized, skaletal grainsione it also present.
Argiliaceous siltstone iayers with no visible pore space are interbeddad within this iayer.

£C. contains 2 net shale thickness of 58 feet with thin interbeds of siity dolomitic limestone. This
laver has a distinciive seismic signature and was the mapped refiector. The shale is dark gray ic
tack and is largely comprised of llite. The limestone is medium io dark brown, medium {0
coarsely crystaliine, partially dolomitized and cornposed of fine skelatal fragments, peloids,
glauconits grains and terfigenous silt This layer has very low efective net porosity and
permeabilily.

EC, is a crystaliine dolomite interbedded with highty hioturbated zones of argilaceous siltstone
and argiliacecus glauconitic and dolomitic sandstone (Photo C-10, Appendix 4-8).

The dolomite is dark gray, medium orystalling, arenaceous and glauconitic in paris with very low
porosity. The sandstones are dark gray fo Drown, very fine o fine grained, anguiar 10 sub-

angular and cemented with dolorniie.

The Eau Claire lacks natural macro-fraciures below 25871 feet in WDOW No. 4. Some closed and
mineralized closed fracilres were found in BEC4, ECs and ECs.

A detailed discussion of porosity and permeabiiity within ihe three formations comprising the
injection zone will be provided in the ensuing section.
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TABLE 4-5

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

3 INEDS
WO No. 4
INECS INECS INEQS {strafigraphic
WO hic, % WOW N, 2 WOW Ne, 3 Test Viell)
(i) (B {ft) {ft)
KB B72 8od 855 872
Saling Group 32° RNAY NA . 81
tundifferentiaied) + 240° +811
178" 153
| Lockport Group 210 200 204 212
+ 882 + 554 ) +B62 + 550
1235 a7 100 104
Subp-Lockport 308 287 304 3186
roup + BE4 + 557 + 5852 +558
61 55 58 57
Cinsinnat Group 369 252 382 373
(undifferentiated) + 503 + 502 + 454 + 488
883 882 388 588
Trenton 1252 1244 1251 17262
‘ =380 -320 -384 -Z50
172 175 175 174
Black River Group 1428 1418 §425 _ 1438
-B54 -585 570 564
383 A01 380 40
Weils Crask 1808 1820 1805 ' 1837
Formaton -837 -8565 -850 -885
k! 30 10 18
Knox Dolomite 1821 1850 1816 1885
-G48 -886 -560 -583
S184°] 568 g08 575
Ezu Claire 2430 2418 242 2430
Formanon -1558 -1564 1871 -1558
280 382 382 383
Wi, Simon 2810 2800 T 2803 2813
Sandstone -1838 -1 948 1847 -1841
344 337 340
Pracambrian DNP? 3144 3140 3153
{hiigole Bun -2280 -2284 -2281
Farmation)
Toial Depth 3133 3172 33185 2408
s Measured depth to top of unit with respect 1o KB ¢ NA = not evailable.
* Subsea depth 10 1op of it e ONE = dig not pensiraie.

¢ Thickness of unit,
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6.0 INJECTION AND CONFINING ZONE GEOHYDROLOGIC PROPERTIES

This section describes the gechydroiogic testing program. The primary purpose of
this section is to present the geohydroiogic data that have been collected within
the injection interval, the arrestment strata, and confining zone. 1nese oata witl D

Ju §
[
used ag input to the waste transport modeling as discussed in Section 8.

This section is divided into five malor subsections. Subsection 8.1 s an
introductory saction that brisfly defines the scope of the testing program.
Subsections 6.2, 6.3 and 6.4 describe the core testing, spinher surveys, and well
testing programs, réspectivety. Subsection 6.5 concluges ¢his section with a
summary of the data results in terms of the injection interval, arrestrment strata,

agnd the confining zone.
8.1 introduction

A wvariety of 1ests were performed by BPCI 10 determing the gechydrologic
sroperties of the injection interval, the arrestment strata, and the confining zone.
The testing program included physical proparty tests on core, SpINNar sUrveys, and
hvdrologic testing of the wells. As part of this program, over 250 core sampies
from the stratigraphic test well were tested to determing the per eability, porosity,
tortucsity, grain density, ang formation/cementation factors of the formations. A
continuous spinner survey was run in WDW No. 1, WDW No. Z, WOW No. 3, and
she stratigraphic test well. Sixteen drili stem tests and 13 injection/falioff iests
were performed in the stratigraphic sest well, Within WDW No. 1, & step-rate
injection/falloff test was conducted. In addition, a pulse test was Tun using WDW
No. 2 as the injector and using WDW No. 1 and ths stratigraphic test well as the
responder wells. in addition, 2n injection/falicfi test was run in the stratigraphic
tést well compietion interval. The foliowing subsections describe the detaiis of this

festing program.
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6.2 Core Testing

The core tests conducted included air permeability and porosity (esis, fiquid
permeability and porosity iests, and electrical property tests. The testing

e

objectives, 168t procedure, and data resull
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6.2.7 Gas Pa?maabmw and Porosity Testing of Wholz Cores and Plugs

Gas permeability and porosity tests were conducted on cores and plugs from the
confining, arrestment, and injection zones 10 determine the variability in the relative
magnitudes of the permeability and porosity values throughout the section. Over
130 horizontal plugs were ¢asted to provide & statistically representative sampie of
the permeabiﬁw and porasity values of each zone, Whole core samples were
tested to determine vertical and horizontal permeability values tor the tight zones,

and the vertica! and horizantal permeability anisotropy of the potential thigf zonss.

Sample locations weare selected at the well site DY the site geologist. Locations
were selected according 10 how accurately they represented the observed rock
type, The testing iocations are fisted in Table 6-1, which, because of its length, is

iocated at the end of Section 5.

8.2.1.1 Test Description of Permesability Testing

A universal permeameter system was utilized 1o measure the permeability and pofre
volume of the test sampies al overburden stress conditions. The system consists
of 3 pressure vessel and pressure generation unit that delivers the reguired
hydrostatic confining pressure, The pore pressure manifold maintains pore
pressure and gelivers steady-state of puise-fluid flow 10 the sample under test, A
fully automated personal computer-based system provides data acguisition and
control. Nitrogen gas is the flow media for permeability measurements and belium
is ysea for pore volums measurements. Data are recorded by the computer and

the calcuiated values and raw data are stored on the fixed disk.
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The pulse gscay technique Was used 1o test the samples that were in the nanc-
Darcy t¢ microbarcy range: the steady-state method was useq for samples above
0.3 mD {Hseih, et al., 1380). To initizte the tesis, all samples were instalied into
sn impermeable steeve and sealed with the end caps connected to the pore
pressure tubing. The sampie assembly was iceded into the pressurs vessal, An
initial confining pressurg of 500 psi was applied 10 +he sample to check for sgfs‘tem
leaks. The pore pressure was then applied and the confining pressure slowly
increased to the pressure required to provide a nst effecti.\fé stress equal to the
overburden stress. The designated overburden stress was calculated from the

stresg gradient of 0.65 psifft provided by BPClL

Permesbility values were determined using a modified Brace technigue with
updated storage coefiicients if the pulse decay method was used on the sampile
(Brace, et al., 1268). When steady-state measurements were made, a Klinkenberg
correction for gas slippage was used. Al the radial permeabiiity values were

corrected for the non-iinear flow path acress the core cylinder.

6.7.1.2 Test Description of Porosity Testing

Porosity measuraments were made using Boyle's Law Double Cell Method as
described in standard testing procedure AP BP 40 (American Petroleum institute,
12560), in this method, the grain voiume of the sarmple is measured in 2
porasimeter which is an apparatus consisting of two connected chambers. The
core sample is placed in one chamber and the gas pressure is adjusted 1o the
'recguired value. The gas in the second chamber i adjusted to some giffarent
known pressure. |he pressure is sgualized and measured. From these data and
Bovie's Law [PV =C}, the volume occupied by the grains is calculated. In addition,
she bulk volume of the sample is measured using calipers. The porosity is then

calculated by subtracting the grain velume from the bulk volume.

Both ambient and overburden porosity measurements were made. The gverburden
porasity measurements were Tun by attaching the porosimeter manifold to the pore

pressure ports in place on the permeameater manifold. The overburden porostty
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was then measured using modification B 1o the Boyle’s law double cell method as
gescribed in AP BE 40 (AP1, 1860). The smbient porosity measurements Wwere
made by placing the sample in a matrix cup and foliowing the standard API RF 40
nrocedurs. Wwhen both amblent and overburden pressure tasts were run on the
same core sampig, the ambient tesis wers compisted before the overburgen tests

were performed.
Additional datail concerning the sample preparation, calibration, and testing
procedures are described in the RUI test report {Appendix F-1, Volume 10} and the

BeCi Work Plan and Quality Assurance Document.

8.2.1.3 Test Results

A complete list of the data results from the plug permeability and oorosity t@sts are
hsted by descending depth in Table 6-2, which is incated at the end of this section
due to its length. Physical characteristics of the plug that may have affected the
results are noted with the reported value and described at the bottom of the table.
Porosity values less than 0.1 percent are reported as 0.1 percent with the " <"
fiess than) symbol to the right. Steady-state derived data is reported in inteéger
sormat. Puise-decay gerived data is reported in decimal format with 3-digit

nrecigion and tratling zeros are only @ tormat artifact.

Parmeability and porosity wers measured at ambient conditions for some plugs o
compare with data from WDW No. 1. A summary of this comparison is shown in
Table 8-3. These data are noted with the letters Am of +he word Ambient to the

right of the reported value in Table 6-2, the summary of the plug permeability and

porosity measurements from the stratigraphic test well
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Table §-3. Comparison of Ambient Permeability and porosity Measurements

2849-2850 16.4 20 3.29 4.1
2610-2811 NJA 4.6 0.08 <o
2959-2260 12.3 198 348 120
2689-2980 12.4 12.5 30 45
3002-3010 i6.8 12.8 212 75
3070-3072 12.0 10.5 25 26
3090-3091 13.6 22.2 154 . 885

Table 6-4 compares the core measuraments (permeability and chdsi‘cy) from 1268
from the Lima WDW No. 1 well measured at ambient conditions, with the core
measurements from the stratigraphic test well which were measured at overburagen
conditions. Depth corrections were made to the WDW No. 1 data for stratigraphic
comparison of beds with the data from the stratigraphic test well, This
comparison ihustrates combination of slight differences in the correiation of the
fithologic streaks and the difference between ambient and overburden
measurements. A detailed review of tha cores from Lima WDW No. T and ths
stratigraphic test well were made by the site geciogist. All features were found tC
he correlatable betwsen these two Sets of coras within =15 ft, Therefore, it is
helieved that Table 6-4 can be used to provide a good indication of the effect of

overburden versus ambient measurements for those various beds.

Table 6-5 shows a direct comparison of permeability and porosity measurements
srom selected cores from the Lima stratigraphic test well measured at both ambient
and overburden conditions. This data is plotted for permeability measuraments in
Figure 6-1 and porositias in Figure 6-2. The results show that the impact of
ambient versus overburgen measurements is directly dependent upon the

 petrographic nature of the sample being measured,
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Table 6-4. Comparison of Gas Permeability andg Porosity
Besults from the Stratigraphic Test Well and WDW No. 1

7852786 8.2 121 0.0623 i
2801-2802 3.0 2.1 0.001 <09
2803-2804 4.2 13.8 0.00%38 1.3
2808-2810 7.1 8.5 0.007 <09
2814-2815 156 188 ©0.004 112
SETEZEDY k- pIoR TEE BT
28723-2824 2.8 17.8 0.000521 166
2828-2829 14.1 10.8 ‘ 520 2
2832-2833 20.1 2.5 i2 157
2838-2838 i5.8 17.2 1A 51
BEAEISELE T 308 {58 182 78S
2845-2880 13.8 20 3.13 4.1
2861-2862 13.2 22.5 57 B4
2885-2888 2.6 18.5 0.008% 42
2888-2820 18,5 10.2 188 < 0.1
TEEETIE0T TE ST Y BE
2603-2805 18.2 8.7 aé 11
2810-2811 3.7 48 0.002 <09
2818-2820 13.7 18.8 : B4 28
2928-2828 18.7 18.8 31.3 240
SsEIeR g o s s
2834-2835 20.8° 11.4 171 < 0.1
2943-2845 14,2 2.3 130 21
2950-2051 18.1 18.1 47 19
2658-2850 0.7 19.8 283 5§20
SEEL-28E7 203 NG ’ g7 " 5T
2870-2871 15.0 18.1 148 45
2674-2875 12.1 15.9 828 114
2979-2880 19,2 14.2 54 5.7
2085-2887 E 8.5 18.2 N/A 102
e -~ g e e
2893-2885 8.0 11.0 0.102 28
3000-3002 0.5 132.5 o8 3.2
3005-3008 8.1 16.8 26 27
3008-3010 13.4 12.8 285 75

BT R ol - S TED {877 ' TEG "BEY
3020-3022 12.3 14.4 178 102
3025-3026 12.4 17.4 168 83
302$-3030 5.6 13 30 15
3048-3060 5.5 4.7 5.01 40
3OR3IE0EE 8% N 1) : g E
3070-3072 10.2 10.5 8.54 26
2085-3088 146 17.8 139 570
3080-3081 $3.1 22.2 110 BE&E
3058-3100 13.3 17.6 83 83
ZTH5EY08 ET g Y A
2110-3111 12.1 19 115 82
2113-3115 8.6 i7.5 0.0614 142
3115-3117 18.3 17.5 352 142
3123-3125 15.4 13.3 418 1.8
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Taple §-5, Owverburden Versus fAmbiens Permeability and Porosity

2849.8 18.4 13.9 18 3.23 2.13

2882.4 A g2 . NIA 0.00285  0.0129 24
2810.1 /A 3.7 WA 0.08582  0.00181 a7
2958.8 $2.3 10.7 13 348 283 18
2887.1 111 8.5 23 2.21 1.35 28
2989.2 13.4 11.3 16 30 20 33
2883.8 10.4 8 .42 5.83 0.102 o8
3008.1 15.8 13.4 20 412 285 34
3071.6 T8 10.2 43 25 8.54 58
3090.5 13.6 1.1 18 154 18 88
31135 13.6 8.5 37 0.626 0.0614 30
3137.1 4.3 2.6 40 .72 0.00404 100

31480 8.9 6.1 48 18.3 0.0208 100
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Figure 6-3 shows & comparison of log calcutated 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
measurad values and log gerived vaiues is good, and proviges a continuous record
of the porosity trend that can he used to calculate 2 reservolr capacity for the

sffective injection interval.

& summary of the gas permeabiiity measurements (measured at overburden
conditions) by model layer is presented in Figure 5-4. The permeabilities shown in
Figure 8-4 are geometric means due to the large range of permeability vaiues
messured in some of the model layers. This averaging does not fully reflect the
higher and lower permeability streaks that are found in some of these mode! layers.
A summary of the gas poresity measurements (measured at overburden conditions}

are shown b'gf model layer in Figure 6-5.

Whole core samples from potential tight zones were testad for permeability in two
directions, axial {vertical) and radial ihorizontal). These data are listed by
descending depth order in Tabie 5.6. The same symbal convention described for
plug test data applies o these data, Some samples had prohibitively long pore
pressure eguilibration simas allowing only an upper imit of the permeability value 10
he determined under the prescribed test parameters. Using this upper limit for
these tight zone permeabilities results in conservative permeability values for the

arrestment strata (greater vertical transport than actual).

Whole core samples from potential thief zones were tested for permesability in the
axial {vertical) direction and radially (horizontally) in four separate directions. These
dzta are listed in Table 6-7. The same symbol convention as described for whole
core bi-directional test data applies to this data set. The radial measurements were
mads 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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Table 6-6. Whole Core permeabiiity Date from Tig
in Lime Stratoraphic Test Well

Page No. 814
Movernosr 15, 18281

ht ZoNnes

2283.4

2500.9
2502.5
1 2554.5
2804.5
2872.5
2688.9

2595.8

3754.4

Axial

Radial

Axial
Radial
Axdial
Radiat

Axdal
Radial

Axial
Radial
Axia
Radial
Axial
Radial
Aodal
Radial
Aodal
Dadial

Axial
Radial

Axial
Radial

Agal
Radial

Axial
Radial

Axgal
Radial
Axial
Radial

Axial
Radia!l

0.000068
0.000110

0.000008
0.000422

<0.000237
<0.000138

<0.004880
<(3.001330

£.004740
0.007870

0.000234
*0.007080

“(.003860
*(.003160

¢.000011
“0.000782

< (.000808
< (0.000484

<0.002720 |

<(.0016£0

0.040800
<Q.002150

0.082500
Q,043000

<0.004820
£.183000

£.001480
0.131000

0.248000
0.007810

0.028700
NA

= Sample permeabiiity 15 iess

than reporied valus

* Begding plane partings, stress/dehydration cracks

Note: Precision eguals 3 significant digits, trailing

seros are & format artifact.
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Table §-7. Whote Core Directional Permeability Bvate Srorn Potential Thief Zones

n Lime Stratioraphic Test Well

ISample Depth {ft

Direction

sPermeabiiiny 4mD) -

1818.7

2230.0

2351.2

2842.8

2680.7

2780.0

2854 .19

Azt
Radial O
Radiat 45
Radial 30
Radial 135
Axizl
Radial O
Radial 45
Radial 20
Radial 135
Axiai
Radial O
Radial 45
Radial 80
Radial 135
Acxial

. Radial O

Redial 45
Radial 50
Radial 135
A xial
Radial O
Radial 45
Radial S0
Radial 135
Axial
Radial O
Fadial 45
Radial 30
Radial 135
Acxial
Redial 0
Radial 45
Radiat 80
Radial 135

0.520000
1.270000
2.220000
4.130000
3.820000
0.030200
0.021100
0.010200
0.002680
0.000688
502
372
285
277
147
<0.003350
0.030300
0.031200
0.627300
0.028850
<0.005330
0.027500
0.024600
0.022000
0.022000
0.000677
101
144
187
127
0.040900
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Tabie 6-7. Whole Core Directionsl Permeabliity Datz from Potential Thie! Zones
in Lims Stratigraphic Test Well icontnuesd}

28057 Axial 28
Fagial O 190
Badizl 45 2186
Radiat 80 183
Radial 135 288
2844.3 Aodal 3.62
Radial O o . 83
Radial 45 83
Radisl 80 82
Badial 135 81
3033.2 Asxdal 25
Radial O 50
Ragisl 45 86
Radial 90 10
‘ Ragizl 135 78
3085.6 Axial 0.072800
Radial © 4.13
Radiat 45 2.863
Radial 80 3.20
Radial 125 2.87
3148.0 Asial 0.057300
Radial O 154
Radial 45 134
Radial B0 132
Radial 135 118

' < Sample Parmeability is less than reported value

Mote: Precision esusls 3 significant digits, tralling zeros are 2 format
arifact.
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g.2.2 Liouid Permeabiliity Testing of Core Plugs

Epurteen uniaxial strain ests were conducted on selscted core plugs from zones
within the imjsction interval, Seven tests were run on vertically oriented specimens
and seven Tesis were run on morzantsliv-onented spacimens from the saMe oBPIN
ocations. A detatled description of the uniaxial strain ’t@&;ﬁrzg procedures has been
incluged in the appandix for the geomachanical section (Appendix G, Volume 1)
The foliowing paragraphs describs she comtinuous permesability determinations that
were made throughout the devigtoric loaging cvele of each unigxial strain test.

£

8.2.2.1 Test Descripfion

Measurements were made of iquid permeabiifty as g function of effective gtress
on 2 number of samples cut from the whole core in noth 3 vertical ang horizontal
Cdirsction. These tests were concucted in conjunction with the unizxial strain tests
1o give an indication of the pressure sensitivity of the permeability of these cores,

described in Section 7.

The tests ware conducted on 2-in.-gdiameter by 4-in. (nomina) and 1-in.-diameter
by 2-in. (nominal) core plugs, which wera vacuum-saturated for 48 hours with 3
percent KC! brine prior to testing. The specimens were then placed between TWo
endcaps with 120-mesh screens on 1op and bottom: and 3 heat-shrink Teflon
jacketing was placed over the specimen and secured 10 the endcaps with wire ties.

The specimen was then insertad in & 20,000 psi rriaxial test vessel

A nominal (100 to 200 psi) confining pressure was applied o the speciman (o seat
i in *:ljae pressure vessel, 1o ciose the jacketing gaps, and to prevent jacket rupture
during the initial flow. Approximately 50 ml of 3 percent Kl brine was passed
through the test specimen prior to applying osviatoric ipading to ensure that te
lines and samples were fullty saturated, For the low permeability samples, the 50
mi of 3 percent KCI was not passed through when the sample displayed a

differential pressure > 150 psi at 2 flow rate <0.5 mi/min.
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During esach test, fiow was established thf@ugh the sample at & constant flow rate .
supphied by 8 Milton Roy constant flow metering pump, provided by British _
Petroleum Exploration. Flow rates were selected so as © maintain the differential
g’:»résmre af <200 psi across the sample during the devigtonc joading cycie,
Pressure drop across the sample was monitored continuoushy using 2 gtrain gaged
differentizl pregsure transducer. Date were recoroed using & computer-based ¢ata
acquisition system. The uniaxial strain devigtoric ioading proceeded by applying an
zxial load &t an axial strain rate of < 1x107° in/in/sec for all ?@rmaﬂ@ns, with the
axception of the Cincinnatian and Black River hdrimng, which were loaged 2t an
axial strain rate of < 1x10° in/in/sec. The confining pressure was increased in

order to maintain & constant radial strain during the axial loading.

The flow purmp and pressure transducer were calibrated prior t© testing USing
standard SAIC QA procedures (Section 12, Appendix G-4, Volume 11). i
addition, prior to testing, & systemn pressure drop was maasured while the loading
platens, 120-mesh sereeng, and all pore flow tubing used in the permesbility
system were in place. A pressure drop calibration was performed at various flow

rates with no back pressure induced on the system.

Liguid perrmeability (k) was determined as:

T .
k = GE =~ (5-1
) \ &)

where: Permeability {garcies)

Flow Rate {cc/sec)

Specimen Length {cm)

= Fiuid Viscosity (cp) (Assumed = 1.0}
Cross Sectional Flow Ares (om®)

= Pressure Differential {stm)

Bou

f

>R o X
;

o
|

£.2.2.2 Test Results

Tabie 6-8 presents the permeability data results at an overburden stress ievel of
2,000 psi. Plotted results of each test may be found in the appendix for the

geomeachanical section (Appendix G-), which includes curves representing the radial
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strain fin/in) permeability (milliDarcy) and axial strain {infin) ve. 1otal axial stress

{psi).

Tabie 6-2. Liguid Permeability Test Besuits from Plugs at iy Sitw Conditions©

2657 Eau Claire 0.33 1.3
2789 Eau Claire 135 58
2838 Mt Simon 11.7 150
2889 W, Simon 33 117
2298 it Simon 34 0.35
3071 Rt Simon 120 43
3145 wit, Simon 240 0.65

I3

: Barmeahifity 3t the 2,000 psi overburden stress level

=~

§.2.% Blectrica! Testng of Core Plugs

Nine sarﬁgiep%t&gs were submitted for electrical testing to determing the formation
factors, cementation factors, and torwesity values, es presented in Table -8, Al
samples were selected from the confining and injection zones, Porosity and
peifmeabiiiﬁf measurements were also made on sach sample and the selectad

depths are smdwn on Table 6-10.
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Table &2

PTUG PERMEABILITY AND POROSITY

Page No. 5-203
wWovember 15, 19871

Comnpasy: BP Chemicsls

wel: ima Stratigraphic Test

josanon Limea, Ohbe

L ~ OVERBURDEN
Sample ~ Crain Porosity Permeabitity
Depth Density

(fry . (glee) (%) (mD)

1828.8 2.73 .6 6000876
1961.8 2.85 7.0 * 0.008540
1875, 281 4.5 6.011060

| 20281 - 3.08 1.5 *
o0ge.8 287 53 * .
2098.2 2.82 2.4 0.0182060
2% 28.1 2,84 0.4 6000288
2150.9 286 0.3 0.001080
2168.5 283 0.8 0.000027

| 22915 2vs &4 6768000

| 2228.% 2.78 2.3 0.000512

\ 2229.7 2.83 2.0 ° 0.000052
2576.6 283 0.5 <  0.000128
2326.3 287 5.6 26,1
3788 B4 . 54 6.915000
23828 =80 56,5 * $4.3
2605.8 274 5.2 0.0%1000
2402.¢ 2,78 7.2 6.982000 UX
26%0.0 2.7% 8.2 2.98
2632.9 2.58 87 &  06.002800
2653.2 2.63 4.8 0.001800
2660.6 2.76 3.0 0.006000 UX
2476.6 2.82 5.4 C.001210
2480.1 2.67 4.8 0.001 780
2516.8 2.72 0.2 6.000017
2520.9 2.78 0.5 <  0.000263 UX
2537.6 2.72 .1 0.000083
2544.5 2.65 &1 < L D033

- 2852.8 0.2 0.000421

2.82




PLUG PERMEABILITY AND POROSITY

Compeny. 8P Chemicals
Welk Lime Stratigraphic Test
Locanon: Lisma, 9131

J

OVERBURDEN

Sample  Crain Porosity Permeability

Depth Density
(fy  (gfec) (%) (mD)

2564, 2,65 8.7 0.000528

25789 | 263 .6 |
2598.9 268 1.9 \
2614.0 2,94 2.7

2628.5 2,72 4.0

2634, 1 2.68 .8 |
2645, 2.64 1.1 @02@5@,@@

2887.8 2.78 6.8 6.637500 UX \
2658.1 2.72 2.4 0,1 81000

. 2676.1 2.73 2.2 0.000473
2685.0 2.62 2.5 0.062800 \
26944 2,65 6.3 < 0002880 V \
2694.6 2,65 2.5 0004556 H |
ZT08.% 2.67 9.2 1.3900060 \
2711.5 285 - 3.7 6.0714260 |
27274 2.66 7.7 0.022900

2737.2 2,86 2.8 0007810

2763.8 2.74 2.5 0.000812

2766.5 2,72 8.0 0.005870

\ 7729 2.74 1.5 0001310

2787.5 2. 7% 3.5 0.262000

3788.9 2.62 6.6 160 UX
2781.3 2.6% $7.7 30

27981 2,68 6.2 0.062300

2801.% 271 3.0 0.00% 080

2803.2 2.66 4.2 0.00% 380

2808.1 2.7 7.4 0,0074630

2814.9 2.64 5.6 0,006010

2820,4 262 12,8 1%



P1LUG PERMEABILITY AND POROSITY

Compeny BP Chemicals

Well Lima Stratigraphic Test
Losanon Lima, Ohie
OVERBURDERN \
Sample  Grain Porosity Permeability
Depth  Density
() (gee) () (mD) N
i
\ 2823.8 27% - 2.8 5.000821 \
| semed 28t 149 520
28328 284 201 12 |
\2@3&2 2 61 9.7 a1 \
zesze 289 18,8 152 UX
| 2845.5 2.63 20.8 162
\ 2848.6 2 66 13.9 %.130000
284e.6 g 4 Am  3.280000 Armbient
28511 2 .52 $2.9 57 |
2882.6 2.70 2.2 0.092900
2B822.4 0.008850 Ambient
2887, 1 2 .64 2.6 0.008750
288%.4 2.69 16.5 seg UX
2901.1 2 58 13.7 3.560000
28634 2.5% 18.2 44
20469 2,66 2.7 - 0.001810
2830, 1 0.658200 Ambient
29721 2.62 13,7 66
2995, 2.6% 8.7 31.3
2828.0 2.60 $2.9 190
2331.6 261 153 62
2234.9 2.59 20.5 171
2843 8 2.85 $4.2 130
2855.6 2 60 $6.% 47
2258.8 2.64 $0.7 243
2258.8 12.3 Am 348 Ambient
2963.8 2.64 14.8 228
2856.6 288 - 203 g7
| 28711 - 2.6t $8.0 148




PLUG PERMEABILITY AND POROSITY

Compahy. . Be Chemicals
Wil Lime Stestigraphic Test
Lotaron Lipmsa, Ohbe

OVERBURDEN
Sample ~ Grain Porosity Permeability
Depth  Density
(ft)  (gfec) (%) (mD) .
9874.8 2,65 12,9 895 ‘\
2576.8 2,64 $5.0 £2%
2876.2 $7.6 Am.
287%.6 254 1.2
| 2987.1 2.&5 2.5 ;
29874 $1.9 Am w000 Ambient
2988.8 266 11.3 20
298,92 13.4 Am 30 Ambient
2283.9 2.65 .0 |
2883.9 10,4 Am OO0 Ambéeml
2987.2 2.85 8.7 >e00 UX 1
2998,2 264 13.5 302
3601.9 264 10.8 98
3008.5 264 8.1 28
3009, 1 2,64 $3.4 288 ’
B0, % S 8.8 Am 12 Ambient
3013.9 2 64 15,92 230
3018.3 2,64 10,5 - g20
3621.8 2,64 12.3 178
3028.1 2,648 $2.8 <68
3028.9 2,64 5.6 30
3048.8 2.64 5.5 5,01
3083.2 264 8.4 g5
3071.8 265 $0.2 854
3079.6 $8.0 Am 285 Ambient
a087.3 283 14.8 138
36902  2.88 $%.1 5§50
3080.5 =64 1.4 18 1
3080.5 %58 Am 164 Ambient




PLUG PERMEABILITY AND POROSITY

Company: BP Chemicals
Welk: Lime Stratigraphic Test
Losation: LEW{\S—, Ohio

OVERBURDEN

Sample  Grain Porosity Permeability
Depth  Density |
(fr) {gfee) (%) (mD)
30e4.4 2.82 %% - B8
3028.8 262 133 83
31088 2.82 4.1 17
31165 2.68 12.% 145
3113.5 2.64 8.8 6.037400
3113.5 12,6 Am 0.826000 Ambient
21168 284 16.3 2e2
3123.4 2,63 8.4 418
3136.2 2.83 13.5 T8
317 .87 2.6 ¢.00404C
3137.% £.3 Am 1.72 Ambient
3143.2 2.64 8.7
3144.8 2.65 8.5 39 UX
| 2630 288 5.1 &
_ 8.8 Am . 8.3 Ambient
3981.7 283 181 164
3188.% 258 ¢.6 0.001630
32627 2.63 .5 ¢.00086%
22%7.2 2.82 3G 0002140
32258.1 2.68 3.6 ¢.000504
32337 261 2.3 0. 001 350
3250, 1 2.68 4.4 ¢.002130
3275.6 2.68 .3 <
3288.1 2.66 2.1 <
3302.7 2.62 €3 «
3340.9 2.73 4.6
F394.3 283 &1 <

3404.3 285 - - 03 <




PLUG PERMEABILITY AND POROSITY

Compeny: BF @h@mamﬁs
Wel L ime Stratigraphic Test

P [
Location: LETE Ohio

OVERBURDEN
Sample  Grain Porosity Permeability
Depth  Density

(fry  (gfee) (%) (mD)

R YU

* Vigs

# Chipped plug

< Porosity is less than reported number

@ Porosity and Permeability from whole core sample
U Uniaxial liguid permeability samples

WW Sohiio hole #1 samples, permit 68

Note: Precision is 1o 3 significant digits, trailing
zeros are a format artifact
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WELL CONSTRUCTION SPECIFICATIONS
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7.6

WELL CONSTRUCTION
General Comments Regarding Updates for the Renewal Application

The conciusions of fhis section remain besically unchanged from the July 1992 UIC permit
application submittai. This section has been updated, however, as appropriate based on publighed
fiterature, site operating history, test resulis, and datz analysis conducted in regards to the INEOS
injection well activities since July 1882 '

Section 7 contains versions of various compliance implementation pians required by the existing
permits. These are containad in Appendices 7-3, 7-4, 7-5,7-7 and 7-8. Ag discussed in Section 1,
these plans are periodically re-submitted to OEPA. Conseqguently, those versions containad herein,
which are provided to faciiitate stand-alone review, may not be the mest current. The most recent
versions, submitted under separaie cover, should be considered the governing Versions,

The four currently permitted 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-PTOH, 03-02-004-PTO-, 03-02-
005-PTO-1, 03-02-006-PTO-1). WDW Nos. 1 and 2 are constructed with two casing sfrings in
sadition to a carbon steel injection string which is internally coated with a corrosion resigtant apoxy
coating. WDW No. 3 is similarly constructed, but a full-iength casing liner was instaliad in January
2010. WDW No. 4 is consiructed similarly but also includes an intermediate casing string. The
surface casing is st below the lowermoest USDW (ihe Sub-Lockpor Group) in all wells and
camanted to the surface. The protection or johg siring casing is set at the 10p of the injection
interval and cemeniad in place. Thus, the USDWs at INECS are protected by & minimum of two
carbon steel and two cement barriers. Waste iz emplaced in the injection interval in ali wells via
carbon stesl injection tubing which is internally coated with & corresion resistant epoxy coating and
surroundad by a pressurized and monitored figuid annuius system, thus providing additionat
protection for USDWs. Detalls on the construction and cementing of the INEOS injection wells are
provided on Tabie 7-1 of this application.  Wellbore schematics of the four injection wells are
provided as Drawings 7-1, 7-2, 7.3 and 7-4. Packer and seal assembly schematics of the four Wwalls
are provided as Drawings 7-5, 7-5, 7-7 and 7-8.

The welis at INEOS are constructad such that they can be iested annually for mechanical integrity.
The foliowing table summarizes the mechanical integrity demonstrations conducied since the
permit application submitial in September 1988, The results of these mechanical integrity tests
were documented and submitted fo the Ohio EPA in detailed WMechanical Integrity and Well
Workover reports submitied 1o the agency within 80 days of completion of the work, in mest cases,
Ohic EPA employees witnessed the key aspects of these mechanical integrity demonstrations. In
all cases, mechanica! integnily was successfully demonstrated. Datails of the mechanical integrity
demonstrations, well logs run, and well workovers conducted over the history of the four injection
wells is summarized in Appendix 8-1.



WELL NAME & NO. | MIT DEMONSTRATIONS

WDW No. 1 Ocioher 1888 October 2005 !
Ociober 1899 Ociober 2006
Oetober 2000 Oeciober 2007
October 2001 October 2008
i October 2002 Ociober 2009
Ociober 2003
October 2004
WDW No. 2 Aprit 1898 Aprit 2005
April 2000 April 2008
pay 2001 April 2007
May 2002 May 2008
April 2003 April 2008
July 2003 (During
Workover')
April 2004
WDW No. 3 | July 1988, August 2005
August 2000 August 2006
August 2001 August 2007
i August 2002 August 2008
i August 2003 August 2009
l Ociober 2003
August 2004
|
CVWDW Ne. 4 June 1889 June 2003
June 2000 June 2006
June 2001 June 2007
June 2002 June 2008
June 2003 June 2008
June 2004

On July 1, 2003, INEOS verbally notified the Onic EPA regarding the joss of differential
pressure in WDW No, 2 which hed oecurrad on July 1, 2003, This was geterminad o be a leak
in the injection string. INECS ceased injection in WDW No. 2 prior to loss of differential
pressure. INEOS was able to successiully shut-in the well unti an emergency well workover

was c;onciucted Ohio EPA provided fisld approval {o resume injection after INEOS successiully
demonstrated mechanical integrity on July 15, 2003

subsequent o ihe July 1982 permii 0 operate application, IN EOS requesied @ permit modification
io change the &-year MIT casing inspection requirernents in the future to times when the Injection
string is pulled from the injection wel. This permil modification was finalized by the Ohio EPA on
June 13, 1987, INECS anticipates that the current permit modification languags consisient with

OAC 3745-34-57(1){4) will remain in the renewal of the permits 1o operate tor these four wells.

WDW Nos. 1, 2, 3 and 4 have been worked over several times o either replace the injecﬁon string
or increase injectivity, No casing leaks have Vel occurred in any of the wells. Other than minor
tubing or packer leaks, retafed 1o norma; life expectancy of these materials, the wells have
mainiained mechanical integrity since the beginning of injection operations atiesting fo the
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adequacy of the well gesign. Through the results of the extensive testing conductst and the
multiple tayers of orotection provided by ihe design of well consiruction, INECS has been
successful in demonstrating that injected fluids have not moved into unauthorized zZones. Details of
the mechanical integrity dermonstrations, well logs mn, and well workovers conducted over the
nisiory of the four site injection wells is summarized in Appendix g-1.

The annuius monitoring sysiems wWere reptaced in 2001 The wellhead annulus monitoring sysiems
are designed to comply with the reguiations 28 dafined in 40 CFR 148 and in rule 3745-34-56 of the
Ohio Administrative Code. Thig includes a system io track the changes in annuius fluid volume
during the operation of the injection wells. A schernatic of the annulus monitoring system in the
existing INECS injection wells is illustrated in Figures 7-1 and 7-2 of this application.

The surface injection pressuie, surface annulus pressure, and flow rate are monitored and recorded
continuousty on both the olant Data Coliection System (DCS) system and on strip charts. The plant
DCS is the compliance monitoring system at the site fo satisfy all permit monitoring condifions.
Only in the event of a faiiure of this primary system will the strip charts and/or field pressure gauges
be used to satisfy the permit monitoring conditions. These charts are verified dally and filed for
refarence and reporting purposes. Tield readings of jocal wellhead pressure gauges for both the
annulus and injection systems are recorded on a 4-hour masis. These readings aré compared 10
the chart recordings and calibrafions &g performed as indicated.

Thae maonihly avetages, maximums, and minimums for injection pressure, flow rate, annular
pressure, and injaction volumes are reporied as reguired under the axisting permits o pperaie,

The annular fiuid In sach well I8 composed of 9 Ioigal NaCl salt water brine containing
approximately 5 gal of corrosion innibitor par 300 gat of brine and 2 bactericide and with the pH
adjustad 0 10 with NaOH. The annular pressure will be maintained at & rrinimum of 50 psi above
ihe injection pressure &8 messured at the surface during injection operaiions, The specific gravity
of the annutar fluid {(approximately 1.08) ig greafer than the specific gravity of the injectate, which
has an average specific gravity of 1,025 and & maximum of 405, thus insuring that a positive
annular pressure is maintained throughout the jength of the injection siring. .

The annulug monitoring sysiems rmaintain a minimum differential pressure. Backup systems are in
piace should the primary systems pecome unable 10 maintain the minimum differential pressure. In
addition fo differential pressure, annuius fiuid loss is also moniiored.

All casings usad in the INEOS wells are standard API tubuiars. Through INEGS's experience of
over 40 years in handiing this waste water siream, carbon sieel has been determined to experience
significant pitting and corrosion when exposed to the injectate stream. For this reason, the surface
equipment and piping and key componants of the packer are stainjess siesl. These materials
provide for indefinite life of these components. The use of threaded stainless steel for the injaction
string is probiemafic, and problems mainiaining a sealed shreaded connection do not justify the use
of stainiess sieel for this application.  FOf ihis reason, INEOS has chosen o use carbon steel
wybulars infernally coated with 2 corrosion resistant epoxy coaling.



To protect the lower saction of the long string casing located below the packer from sorrosion from
exposure to the injeciate, INEOS installed a tail pipe that hangs below the packer and conducts the
injectate past the bottorn of the fallpipe. A diesel buffer wes injecied that will float up between the
taiipipe and the boliom of the long siring casing, isolating this section of the long string casing from
the injectate. INEOS hag experisnced relatively good sUCCESS with thig tschnigue. The foliowing
tabje summarizes the current materials of construction of the four existing Lima injection wells.
Based on the current resulis from the UG Corrosion Monitoring Plan (Appendix 7-5) and the
operating history over the vears, all of these materials have been gemonsirated to have good
operafing characteristics and 10 experience minimal reactions Of attack from the fiuids injected at
the faciiity. INEOS reserves the right to change these materials of construction in the fuiure based
on operaling expetience and the ongoing results from the site UIC Corrosion WMonitoring Plan.

a ‘ s i

30 304 L S8 E 41 S5 1 304 L SS
| Wellhead Valves l 316 35 [ 316 38 | 216 S8 | 316 S5 |
injection Tubing N-B0 Coatied wiih k N-80 Coated with \ 55 Coated with | N-80 Coated with
TK-15 TK-15 TK-69 TK-15
Pownhoie Landing 410 88 \ 410 SS \ 410 SS \ 470 SS
Nipple
| Crossover Sub | 304 S8 | 304 S5 ! 304 S [ 304 SS ﬂ
Seal Assembly | 316 S5 | 315 58 l 316 S8 t 316 S8
Seal Assembly \ V-Ryte (Viton) V-Ryte (Viton) \ Y-Ryte (Viton) V-Ryte (Viton)
| Elasiomers \
| Packer 4140 Swesi 1 4140 Sea | 4i40owesl | 4140 Sieel
["Packer Eiesiomer | Nitrile | Nitrile 5 Nitrile { Nitrile

The casing and camenting program for sach walt at INEOS is summarized in Table 7-1 of fhis
applicaﬁor{, As discussed above, the welis are designed fo both prevent the movement of fluids
inio or batween USDWs and they are equippedc with an annulus monitoring system o deiact any
potential leaks. The casing and cementing program sor WDW No. 4 is presented in Appendix. 7-1,
which details the cementing and casing program for the surface, intermediate, and long sfring
casings. Portions of these discussions are excerpted 25 appropriate io address the reguirements
contained in this section. ‘

All of the INECS injection welis are designed so that the surface casing is sel pelow the lowermost
USDW, which occurs at depths ranging from 3572 § to 373 f in the four wells. Drawings 7-1, 7-2, 7-3
and 7-4 iliusirate the casing depths for the four INEOS Class | wells. The satting depth for the
‘surface casing ranges from 430 & to 713 & within argiiaceous dolomites in the Cincinnati Group,
and all surface casings were cementad to the surface.

in WDW No, 4, 16-inch surface casing was setto & depth of 726 8KBIng 20-inch surface hole.
The lowermost USDW in WDW No. 4 occurs at a depth of 273 ft KB therefore, the surface casing
was sat significantly below potential LUSDWs in this well

-3
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The casing was cemanted in ihe 20-inch hole from 700 ft o the surface employing 2 designed 50%
weess cement. The cement used was &5 follows:

Standard Howeo Cement with 20, CaCl, 4% gel, and 1/4 Ih/sack fioccele.
. The slurry propariies ware 28 follows:

Sturry Weight 14,35 inigal
Sturry Yield: 1,55 f'lsack
Water

Reguiremant. 5.2 gal/sack

The cemeni volume calculations wers as foliows:

24.in. conducior casing run io 82 # 1D, =23.250n.

20-in. LD, hole to 721 &

Hole Volume = (52 #)(2.048 fi') + (858 fi)(2.182 #2y = 1,620 8
Casing Volume = (712.8 f)(1.396 F2) = 985 ft°
Required Cement Volume = 1820 - 985 = 625 fi’

Required Cement Volume = 825 #1155 #¥/sack) = 403 sacks Of cement.

o

The well was cemented on March 25, 1991, with 580 sacks of Standard HOWCO Cement with 3%
CaCl,, 4% Gel, and v, Iblsack floccele.  The iaboratory cement fest report s included 28
Astschment 2 in Appendix 7-1 of this application. The siepwise cemerniting summary for the surface
casing is inctuded in Appendix 7-1. The reporied cement shurry density was 4141 Ibigal with a yield
of 1.56 #¥sack. The cement developad a CoMpressive strength of 1,840 psl in 10 days.

Eycess cement (152 sacks) was circulated to surface versus the calcuiated 177 sacks (88% of
calculated). Approximately 35% excess cement was actually employed.

All of the INEOS injection wells are designed with 2 7-in iong siring casing set below the top of the
modeled injection interval which occurs in the lower Eau Claire Formation at the top of the ECy
mode! unit. Drawings 7+ throbgh 7.4 contain the casing depths tor the four INEOS Ciass | wells,
The setting depth for the 7-in jong sfring casing ranges from 2,813 t0 2,885 ft within shaly seclions
of the M. Simoen Sandstone, and all were cemented 1o the surface.

Intermediate and long siring casings were run in WDW No. 4, Details on the cemeanting and casing
program are includsd in Appendix 7-1 and summarized below.

An intermediate casing siring was TUh in WDW No. 4 and cemented prior fo drifing info the
anficipated waste water plume. The 10 %-inch intermediate siring casing was sef at 2650.78 f KB,
in @ 14 Y-inch hole drilied 1o 2656 f KB. This zong corresponds o the arrestment strata within the
injection zone. The intermediate casing was cemeniad in two stages © minimize the fiuid column
weight on the formation during festing. A Davis-Lynch 10 %-inch g.round integrat casing packer

-1
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type 100-1075-1275 and & 10 Y-inch 8-round M&F stage cement collar type 778-MC were used for
staging. The casing was cementad as follows:

tage 1 Standard Howco Cement with 2% CaCly, 6% microbond, ¥ Ib/sack fioccelke, 0.5%
Ualad 344, 1/10 of 1% FWGCA.

Stage 2. Standard Howco Cement with 2% CaCl,, 6% microbond, ¥ lo/sack
fioccele, 0.5% Halad 344, 4140 of 1% FWCA

The slurry properiies of the cement were as follows.

Siurry Weight: 15.0 Ibigal
Slurry Yisid: 1.36 f/sack
Water Requirement.  6.20 galsack

The cemeant volume calcuiations were 88 follows:

587 30 & J-55, 40.5 ibffi casing 10% in.

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

21,70 f cement packer, float coltar and shoe

164n. casing set at 712.60 ft KB

Cemerit Packer Setal 1791 OftKB

Hole Volume = (712.80 f1)(1.258 #2) + (1943.40 f1)(1.187 #) e 3210 7
Stage 1 Hole Volume = (885 f)(1.167 #2y = 1027 &

Stage 1 Casing Volurne = (880.00 #)(0,630 1) = 542 0

Stage 1 Required Cemnent Volume = 1027 - 542 = 485 ft°

Stage 1 Required Cement = 485 #4136 #/sack) = 357 sacks

Stage 2 Hole Volume = (712680 fiy(1.268 f5)+(1078.4 H)(1.187 #2) = 2483
Stage 2 Casing Volume = (1791.00 f)(0.630 ) = 1128 i

The well was cemented on May 29,1881, The first stage was cemenied at a designed 20 percent
excass with 415 sacks of Standard Howeo Cement with the additives noied above. The second
stage was cemented with 905 sacks of Standard Howso Cement with the additives noted above at
s designed 20% excess. The BP Research Cement Sturry Evaluation Report 13 included as
pitachmant 4 in Appandix 7-1 of this application. A similar evaluation was preparad by Haliiburion.
The reporied cement slurry density was 15.0 Ibigal, with a yield of 1.36 fisack, The cement
developed a compressive strength of 1,638 psiin 24 hours.

For Stage 1, 45 sacks of excess cement were circutated fo the surface versus ihe calculated 58
sacks {78% of calculated). Approximately 129, excess cement was aciually employed. For Siage
7,120 sacks of excess cement were circulated 10 surface versus the calculated 129 sacks (93% of
calculated). Approximately 15% excess cement was actually employed.

7-8



The 7-inch fong siring casing string was set as the final isotation of the open hole injection interval

and cemented. This casing was set at 2885.35 ft KB, significantly inside the modeled injection
intervai for the Lima Siie.

The casing was camented in the 8 ¥-inch hole in two stages 0 minimize the fiuid column weight on
the formation during cementing. A Davis-Lynch 7-inch integral packer, type 100-700-B25 and stage

4

cement collar, type 778 MG, were employed. The cement used was as follows!

Stage 1 Standard Howco Class A cement with 2% CaCly, 8% Wicrobond, 0.25 infsack floccels,
0.5% Hatad 344, 1/10 of 18, FWCA.

Stage 2. 5050 Wi Standard Howeo Class A cement plus Zanesvile Fly Ash, 8%
Mlt;robond‘ 2%, CalCly, 0.75% CFR2. 0.5 D-Ar, 594 HG-2, no gel.

The slurry properiies of the carment were as follows:

Stage 1 Stage 2
Sturry Weight: 15.0 ibigal 14,8 ib/gal
Siurry Yield: 1,36 flsack 122 #isack
Water Reguirement. 5.20 gallsack 4 85 galisack

The cermnent volume calcuigtions ware 25 foliows:

2 §50.78 & 10%-in. casing

262,30 ft J-55, 405 b 10% in LD = 10.050 in. 145 #*
2388 48 ft L-80, 51.0 o/ 10% in: LD = 6850 1,284 @
9¥ain. hole from 2650.78 10 2,891 T 149 #°
Total open hote volume = 1,528 #t°

2.in, casing from 0 to 2885.35 1 0.0, volurne = 771 #°

~ otal cament volume = 1,528 - 771 = 757 £

Cement packer set at 2,050 & KB siage coliar set 2t 2,043 f KB -
Stage 1 hole volume = 118 « 145+ 183 = 447

Stage 1 casing volume = 225 £

Stage 1 required cement = (225 #9)/(4.36 #%jsack) = 163 sacks
Stage 2 hole volume = 1.085 #

Stage 2 casing volume = 548 ft°

Stage 2 required cement = (535 #y/(1.22 #sack) = 438 sacks

The 7-inch casing was camented on July 20, 1901, The first slage was cemented with 225 sacks of
Standard Howcoe Class A cement with the additives noted above. This volume was 2 designed
A0% excess. The sacpnd stage was cemenied with 475 sacks of 50:50 Pozmix, with the addifives
noted above. This volume was & designed 10% excess since the second siage cement job was al!
inside the 10 Y%-inch casing. The BP Research Centel cement evaluation reports for both stages
are included 28 Attachment 6 In Appendix 7-t of this application. Simitar evaluaiions were



prepared by Yaiiiburton.  The first stage cement developad & compressive sirength of 1538 psi
sfter 24 hours, The second stage gevaloped a compressive strength of 1,651 psi after 72 hours.

For Stage 1, approximately 65 sacks of excess cement were circuiated 1o the surface with the
displacement versus ihe calculated 62 sacks (105% of calculated). Approximatety 40% excess
cament was actually ermpioyed.  FOr Stage 2, approximatsly 25 zsacks of eXcess camant weare
circulated o the surface with the displacament versus the calculated 37 sacks (85% of calcuiaied).
Approximaiely 8 5% excess cement was actually employed.

The long string casings in WDW Nos. 1, 2, and 2 were cemented in two stages. The intermediaie
and iong string cesings in WOW No. 4 were both cermented in two stages.

WDW Mo, 4

The technical specificalions for the casing strings employed in WDW No. 4 are summarized in.the
table pelow. The surface casing was new, inspected at the mill and prior {0 shipmert, 11 was
certified to conform © AP1 specification 5CT Gr H4D. The bofiom gix joints of the infermediate
casing were J-55, 405 Infft ST&C R-3 casing and Six were New, inspected at the mill and prior 10
shipment. This casing was certified fo conform 1o APl specifications 5CT Gr JB5. The remaining
58 joints of the intermediate casing wWere 1-80, 51 Ipfit 8T&C =-3 used casing {hat was inspected 0
ensure that it met pubiished tolerances sor the grade and weight of casing. The 7-inch long siring
c25ing Was Naw, inspected at the mill and third party ingpacted priof i© shipment. The long string
casing was certified 1o conform {0 AP! specificalions 5CT Gr N80

The total weight of the syrface casing was approsimaiely 45 850 ibs, approximately 10 percent of
the 438,000 fbs joint yield strengin. Tha maximum internai pressure that this casing 1S expecied 10
be exposed fo s e cement column weight (15.6 Ibigal} of approximately 585 psi at the casing

shoe. This value 1s approxirmately 35% of the rated internal vield strength.

The iotal weight of the intermediate casing was approximately 435 150 ibs, approximztely 17
percent of the 804,000 Ibs joint yieid gtrength. The maximum internal pressure ihat this casing is
expecied io be exposed to is the cement column weight (15 Ibigal) of approximataly 2.066 psi at the
casing shoe. This value 15 approximate!y B8% of the rated iniernal vield sirength of the J-55 casing.




The total weight of the long string casing was approximately 66,500 Ibs, approximately 158% of the
442 000 Ths joint yield strength.  The maximum externat pressure that fhis casing would be
axpecied o be exposed to is the full column cament weight {15 Ibigal) of approximately 2,250 psi at
the casing shoe. This vaiue 1 approximately 58% of the rated coliapse resistance for this N-80
casing. The maximum anficipated operafing pressure for the annulus is 3,000 psi, approximately
48% of the rated internal yisid strength for the N-80 casing.

The total weight of the 4 ¥e-inch injection string is approximately 33,500 ibs, approximately 15% of
the 223,000 Ibs joint yield sirength. The maximum external pressure that this casing is expacted o
be exposed o is the maximum anticipated operating pressure for the annulus system Of 3 000 psi
which is approximately 47% of the rated collapse resistance tor this casing. The maximum internal
nressure that this casing Is expecied io be exposed fo is the maximum permitted wellhead pressure
(WHP) of 825 psig (BHP = 2,131 psig) which is approximatety 28% of ihe rated internal yield
strength for this N-80 casing.

WDV Mo, 1, WDW No. 2, WDW No. 3

The fechnical specifications for the casing strings employed in WDW No. 1 and WDW No. 2 are
summarized in the table below. The maximum siresses expected for these casing strings versus
the design ratings are symmarized in Table 7-2, The 40-3/4-inch and 7-inch casing sirings iy VWDW
No. 3 are also described in the ishie below. Stresses and design rafings for the linar and the
iniection fubing that were instalied in Well No. 3 in January 2040 are provided in Table 7-2. These
iablas itustrate that the casing strings in ihe INEOS injection wells are conservatively overrated
with respect to the maximum burst and collapse pressures at the maximum iensile stress which
may be experienced during the construction, operation, and closure of the well(s).

10% iH-40 32.75 10182 10.036 11.750 880 1,820
7 J-55 200 6.456 £.331 7.856 2.270 3,740 318 234
4% N-80 116 4000 3.875 5.000 5,350 7.780 287 223

Standard Class A cement with appropriate additives © maximize the quality of the cament job were
used in the various casing cement programs. INEGS experiance with the waste stream indicates
no reactions between the waste and the standard cement. The waste stream is a highty puffered
ammonium sulfaie bring stream with a neutral to slightly acidic pH. No reactions are predicted
petwesan the wasie siream and the cements. This is confirmed by the latest INEOS MIT results that
demonstrate the absence of significant vertical flow at the well casing shoes in WDW No. 1, WDW
No. 2, and WDW No, 3 over 35 years of continuous operation in the current service.

The four INEOS injection welis employ general purpose packers o make an isolated annuius
between the long string casing and the injection string. A three-piece packing slement sysiem (s
sealed against the long string casing by a dual iock ring system in conjunction with opposing non-
transferring slips to maintain nositive pack-off. The packer used in well Nos. 1, 2 and 4 is & Baker
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wodel "A" "Retrieva-D" casing packer. This packer is set with either a wireline seiing oot or by
using a casing workstring, and can be released from the casing with a wirgline retrieving fool.
Premature release of the packer from the casing is prevenied by the iatch retainer which covers the
ends of the latch retainer fingers, iocking them fo the body. The iafch reirisver iz secured in
position by four hrase shear screws, The specific packer '« @ Baker 47C Model "A" Retrieva-D
packer with a 4 y-inch LTC pin down, The tachnicz! specifications for this packer can be found in
Appendix 7-2 that includes pages from the Baker tschnical manual. Sections of 4 v-inch. LT&C
casing are run heneath the packer into the open hole interval fo isolate the section of the 7-inch
long string casing herieath the packer from ihe surbulent injection flow. The packer sefting details
are included in table below. The location of the packers in fhe tour site injection weils were
reviewed and approved by Ohio EPA staff through the review of well workover plans and reports.

WDW No. 1 2783 2757 2765
WDW No. 2 2813 2784 2792 2864
WDW No. 3 2813 2793 2805 2831
WDW No. 4 2885 2862 2869 2914

A seal assembly is installed on the nottorn of the 4 %-inch injection string. This consists of a Baker
Wiodel 80-32 locator type seal assembly, 318 stainiess stee! with 2 3%-inch, 8-round DoX pramium
seal assembly, three Baker Model 80-32 seal units, 315 ctainiess steel, and a 2-7/8-inch by 5 foot
316 stainiess steel produciion tube and ¥ mule shoe guide. The packer materials are made from
316 stainiess steel due fo the high velocities and turbulence experienced by the flow through the
packer rasirictions. The seal assembly rests in the polished seai bore of the packer, fully isolafing
fhe annulus. This seal assembly is free to move in the polished seal bore to accommodale thermal
expansion and contraction of the 4 Ye-inch injection siring, minimizing fensile siresses oOn the
casing. Detalls of the packer and szal ageemblies are contained on Drawings 7-5 through 7-8.
INEOS maintaing a full spare packer and seal assembly ai the manufacturer's shop which can be
raceived onsite rapidly if required during workovars of the injection wells.

in the January 2010 workover of WDW No, 3, 2 full-length 5 Ye-inch iiner was installed and
cementad. A new string of 3 Yeinch injeciion tubing, iniarnally coated with TK-88, and new Baker
Modet “FB-1" packer wers ingtalled. Details of the naw casing, tubing, and packer are provided in
Tables 7-1 and 7-2, and shown on Drawing 7-1.

The maximum annuiys pressure that the packer is expecied 0 see is 3,000 psig (1,500 psig
surface pressure plus 1,500 psig fluid column pressure) which is approximately 38 perceni of the
rated upper differential pressure capability of these packers. The maximum internal pressure that
the packer is expected o experience is 2 150 psig (reflecting the historical 844 psig maximum
surface pressure pius 1,306 psig fiuid column pressure). This is approximately 35 percent of the
rated lower differeniial pressure capability of these packers. The maximum temperature fimitations



of the packer element sysiem 18 300°F, considerably higher than the maximum  anticipated
operating temperature of 150°F. A fluid seal is not used in any of the existing INECS iniection
wells. '

The INEOS confingancy pian designed o cOpe with all shut-ins or weli failures is included as
Appendix 7-3.in sddition, INEOS maintaing ceveral monlioring plans in accardence with the

=t gt e} P
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requirements set forth in 3745-34-57. Theseare summarized below.

Waste Analysis Plan

The rmost recently updated UIC Waste Analysts Plan applicable fo the injection welis is included as
Appendix 7-4 ang meels the reguiremsnts of rules 3745-34-57(A) tmrough (F) of the State of Ohio
Adminisirative Code in addition to the permit requirements contained in Section D(3) of the INEOS
UIC Permit to Operate the Class | walis.

Corrosion Monitoring Plan

The most recently updaied UIC Corrosion Monitoring Plan is included as Appendix 7-5 and s
submitied in accordance with rule 3745-34-57(G){H) of the State of Ohio. Administrative Code, The
Ohio EPA approved the current INEOS UIC Corrosion Monitoring Pian in & letter dated March 17,

1985,

Mechanical integrity Demonstrations

Miechanical integrity Tesfing is conducied in accordance with rule 3745-34-57(1) of the Ohio
Administrative Code. The resulte of the most recent mechanical integrity testing on WOW o, 1,
WDW No. 2, WDW No. 3, and WDW No. 4 are included in Appendix 7-6. Theses latest Mechanical
imegrity Nemonstrations have baen -eviewed and approved by he Ohic EPA.

Groundwater Monitoring Plan

INEOS oniginally submitted the groundwaier monitoring plan on December 8, 1923, In response jis]
comments received from the Ohio EPA, a revised plan was submitied on May 2, 1994 The Ohio
EPA approved the current INEOS UIC Groungwater Monitoring Plan in a letier dated March 47,
1885,

The most racent UIC Groundwater Monitaring Program status report 18 included in Appendix 7-7
and includes a description of the program being implemented.

injection Zone 5mbient Monitoring Program

“The monitoring program pian at INEQS consisis of annual ambient monitoring of the injection Zone.
The monitoring program plan is inciuded es Appendix 7-7. The results of the most recent injection
>one ambient montioring s included with reports of the most recent mechanical integrity tesfing on
WDW No, 1, WDW No. 2, WOW Ne. 3, and WDW No. 4 that are included in Appendix 7-6, These
latest Mechanical Integrity Demonstrations have been reviewed and approved by the Ohio EPA



seismic Monitoring Program

Seismic monitoring at INEOS was initiatad in 1988 in accordance with permit reguirements, The
selsmic monitoring program is described in Appandix 7-8. The Ohio EPA approved the current
INEOS UIC Seismic Monitoring Dian in a letier dated March 17, 1985

Aute Warning and Shutdown Plan

The most recently updated UIC Auto-Warning and Shutdown Plan is included as Appendix 7-3 and
is submitted in accordance with rule 3745-34-57(G)(H) of the State of Ohio Administradive Code,
The Ohic EPA approved the current INEOS UIC Auto-Warning and Shutdown Plan in a letier dated
Warch 17, 1985 The results of the most recent demonstrations of the sutornatic shutdown systems
are included in the reports of the most recent machanical integrity testing on WDW No. 1, WDW
No. 2, WDW No. 3, and WDW No. 4 that are included in Appendix 7-8. These latest Mechanical
integrity Demonstrations have been reviewad ang approved by the Ohic EPA.

WDW No. 4 was drilied during the period from March 11, 4081 through October 4, 1891 as the
Lima Stratigraphic Test Well. Extensive testing of the well was conducted that included 2
comprehensive 10gging suite, obtaining over 2 250 f of 4-inch diameter corg, drill stem testing, and
performing an interference fest o estabiish hydrogeoiogic properties of the gross Mt Simon
injection interval. - Details on the casing program are providged in Tabie 7-1 and well material
spacifications are described in this chapter.



Table 7-1

Well Design and Copstruction of the INEOS injection Wells

INEOS WDW INECS WDW INEOS WDW INEOS WDOW

Mo, 1 Na. 2 Nao. 3 No. 4

Elevation 872 ft B854 § 856§ g7z f

Tota! Depih 3338 372 # 315 ft 3408 ft

Type Completion Open Hole Open Hole Open Hole Open Hole

Top Injection Zone

(Top Eau Claire 2430 §t 2418 ¢ 2422 % 2430 §

Formation)

Top WMt Simon 2810 ft 2800 ft 2803 i 2813 %

Sandstone

Top imjection 7783 /2830 7 2813 fi 2810 ft 2885 fi

interval™

Open Hole interval
Afier Plug Back®

Surface Casing:
Hole Diametat
Sire and Grate

intermediate Casing
Hole Diamster
Bive and Grade

Camant

2830 fi - 3133 K

12Ve-in.
10%-in. ©.0.
32 75 Ioff, H40, Brd, R-3,
STRC @ 432 f

50 ske Surface Pozmix,
2% CaCls,
12,5 lolsk Gilsoniie
75 sis Class A, 2% CaCle
10 ks Cless A, 3% CaCl
pumpad from suriace down
borshole, filled to surface

No intarmediate casing

MRS

2843 #- 3140 1

13%e-40,
10%-in, O.0.,
3275 Ipfit, H-40, Brd & 504 &

400 sks Class A
4%, gel, 3% Cally
129 Gilsoniie per sack comant
Cemented to surface
Circulated 38 bbis of slury
fo surfacs

No intermediate casing

N/A

B0 ft - 3140 1

13_-n.
10%-in. 0.0,
39 75 Ibff, He40, Bro @ 505 &

235 ske Surface Pozmix and
50, CaCly with 10 Tofsk Gilsonite
Cement circulated fo suriace

Mo intermediaie casing

N/A

2885 fi- 3140 i

20 in.
1640, G.D.,
a5 bt @713 R

Cemenied to sUTAce
with
580 sks Class A
pius 3% CaCle plug
4la-dbfsk Flocele.
Circutated o surface
with
35% excees.

14%-in.
10%-in. 0.0, 40.5 /A
and 51 lofit @ 2651 1t

Camenied in two
stages’
st stage 415 sks
cament, (6%
Microbond
2% CaCly
0.5% Halag-344
4. Infsks Flocele
0.1% FWCA)
Circulated o surface
with 12% excess,
2nd stage 805 sks
STD cement
Ciroutated fo surface
with 15% excess.

Protection Casing.
Hole Diametet
Size and Grade

3in,
7.n O.D., 20 B, J-85, R-2,
STRC @ 2783 ft

gin
7.n 0.0, 20 bfit, J-55, R-2
@ 2813 Rt

gin.
74n 0.D., 20 b/, J-55, R-2
@ 2810 &

gl in.
7.4n 0.0, 23 bt N-
B0, R-3 @ 2885 ft



+ABLE 7-1 (Continued}

Cement

1st Siage

2ng Stage

Lines

Tubing

Packe?

Botiom of Tall Pipe

Annuius

Two Sryes

250 ske Halilburion Light
with 18% CaClg, 100 sks
Type il with 18% Call
and 1% CFR-Z.
Circuiated 35 bbs t©
surface.

300 sks Pozrmix and
100 sks Type §
Set for 12 his

Set at 1,305 ftusing >0 ske Maliiburiofn Light

450 sks Pozmix. 89 CaCly plus 50 sks
Circutated cement to Ligliipurion Light, 18%
surface. CaClz,
10 Iblsk Giisonite.
Circulaied 18 bbis o
surface.
5, O.D., 18 b/ B3 NN
fiush
joint carbon steel liner @
2820 ft

Avedn., 54,60 foift, N-80 AVin,, 11,60 I, N-B0

imernally Coated internally Coated
wWithT¥-15 Epoxy WwithTH-15 Epoxy
Coating Coaiing
@ 2810 % @ 2782 fi

Baker Model "A"
Refrieve D with ssal
focator essemply
Top @ 2790 f

Baker Model "A" Refrigva
0 with seal locaior
assembly
Top @ 2757 1

2840 1 2828 fl

Inhibited NaCi bring wifh
pH adiusied t© 10

Inhibited NaC! bring with
pH adjusied 10 10

Two Siages

250 sks Light with
18% Callz,
100 sks Typs 1t phus
185 CaCly with 1%
CFR-2.

250 sks Light plus
15% Call plus
=0 ks Light plus 18%
CaCl
with 10 Inisk Glisonite.
Cement circutated to
surface.

5 Yein. 0.0, 155 AL
355 R-BE2BIZN

Yin,, 0.3 fofff, 385

internally Coated
with TH-68 Epoxy
Coating
@ 7783 ft

Baker Model FB-1
packer with seal locaior
zssembly
Top @ 2793 R

2831 &

inhibited MNaCl bring with
pH adiusted o 10

575 sks Class A with

&b Microbond, 2%
- Call

0.5% Halad-344,
0.1% FWCA, ¥ tbfsk
Flocele.
Circulated to surface with

40% eXcess.

475 sks 50% Class A
B0% Pozmix
B% WMicrobond, 2% CaCly
775% CFR-2, 0.5% D-
Air
2% o2,
Circulaied to surface with
2 5% sxoess.

MNIA

&¥in., 11.50 bR, N-80

Internally Coated
with TK-15 Epoxy
Cosating
@282 fi

Baker Modst "A" Retrisva
O with seal locator
assembly
Top @ 2862 fi

2800 &

Inhibited NaCl bring with
pH adjusted 1o 10



TABLE 7-1 (Continued)

Data for All Wells
tnjestion Pressure

AveragefMaxmum TE0/825 psig
Injection Zone tithology Sandstone, Siitstone, Dolonie
Confining Zone Lithology Shals and Dolomie
£arnation Fiuid

pH o £58-73

Specific Gravity 1.075

Temperature 9B°t
injaciate

phH - 45-6.0

Specific Gravity §.015-1.05

Temperaiure g0° - 105°F
Volume (gpm)

Averagehhiel 140

Maximumiel 240

Instantaneous Maximum 580

{per sii2)

A elevations ars provided with respedt to KB.

'_’j’pp of the injection interval s equivalent to the sasing shoe of the protection casing.

¢ Proposed casing satiing depth after workover on WDW No. 1.

S WD Ne. 2, WDW Ne. 3, and WDW Ne. 4 will be plugged from iotal depth with cameant.
® A = not applicable.
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INEOS USALLC
Lima, Ohio
WDW #1

ATTACHMENT D

OPERATION AND MONITORING REQUIREMENTS

INJECTION WELL MONITORING SYSTEM
WASTES PERMITTED TO BE DISPOSED IN INEGCS

USA LLC CLASS | INJECTION WELLS



INEOS USALLC
Lima, Ohio
WDW #1

ATTACHMENT D

I, Operation and Reporiing Reguirements



OPERATING, MONITORING AND REPORTING REQUIREMENTS

WDW #1
MAINIRUR  WATNIRALUM
MONITORING REPORTING
CHARACTERISTIC CIMITATION REQUIREMENTS
REQUIREMENTS
aximum Minimum Freguency Freguency
*Maximum Allowable 834 psig continuous
Injection Pressure
Not fo be exceeded
*Bottomhole Pressure (max 2087 psig
Annulus Pressure 50 psig higher than continuous
injection pressure
throughout entire
tubing
Flow Rate {combined wastestream) sonfinuous monthly
Flow Rate (Fort Amanda wastestream) continuous monthly
#Elow Volume (combined wastestream) continuous | monthly
Fiow Volume (Fort Amanda wastesiream) continuous monthly
Temperaiure confinuous monthiy
Sight Glass Level daily monthly
Corresponding Annulus Pressure daity monthly
Corresponding Wasie Temperatures daily monthly
Corresponding Injection Pressure daily monthly
Corresponding Flow Rate daily monthly
Cumulative Volume (combined wastestream) daily monthly
Cumulative Volume (Fort Amanda wastestream) daily monthly
Specific Gravity every 4 hours monthly
pH (combined wastestream) weekly monthly
pH (Fort Amanda wastestream) weekly monthly
=+(hamical Composition of [Injected ' guarterly monthly

Fluid] combined wastestream
=e\IEK concentration in Eort Amanda wastestream quarterly monthly



*Injection Pressure: MASIP = 2783 x [0.75 - (0.433 x 1.04)] where:
0.75 = applied fracture gradient in psi/ft
1.04 = fluid specific gravity (maximum)
2783 = depth to the top of the injection interval in .
feet

The maximum aliowable botiom-hole pressure (BHP max) shall
be caloulated using the following formula:

BHP max = (0.75) (2783)

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

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

EMEK: Quarierly sampling of the Fort Amanda wastestream shall be
conductad in accordance with the Waste Analysis Plan.



INEOS USA LLC
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it Injection Well Monitoring System
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INECS USALLC
Lima, Ohio
WDW #1

ATTACHMENT D

il Wastes Permitted to be Disposed in INEGS
USA LLC Class | Iniection Wells
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Table 2B-1
Waste Streams to be Managed i the Undereround Iniection System

Bottom stream from the wastewater stripper in the production of acrylonitrite (KO1T)
Bottom stream from the recovery column in fhe production of acrylonitrile (KG13);
Ratch Still Bottoms from the production of acetonitrile (KO14):

¥il} Kettle pump out from the production of acetonitrite;

Botioms from the brine stripper from the production of aceionitrile;

Bottoms from acetonitrile drying coturan from the production of acetonitile;

Condensed overhead sireams from the production of acetonitrile;

Crude-Offspec acetonitrile sreams,

Characteristically corrosive wastewaiers (D002},
Wastewater from the catalyst manufacturing unig
Regeneration wash water from the resin treatment of roduct acrylonitrile;

Stormwater pond overfiow;
Caustic or acid from equipment cleaning;

Offspec products from the manufaciure of acrylonitrile (U009/POS3);
Unsaleable co-product acetonitrile from the manufacture of acetonitrile (U003);

Contaminated groundwater and mulfi-source 1
Amrnoniz blowdown

Serubber water;

Slopwater from the acrylonitrile process area;

eachate (FO39),

Contaminated Stormwater from the process arez,
Pump seal water from the acryionitrile process area;
Water from the loading / unloading area sump;

Contaminated groundwater,

Contaminated water from site remediation activities;

Equipment waghwater;
Laboratory chemicals;

Wastewaters generated during maintenance activities in the nitriles aree,

Wastewater from the manufacture of cvanide
washvvaters, slopwaters, 1ab chemicals, efc.

dsrivatives at Fort Amanda Specialiies including
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Vagis Codes o by hznagad i ‘e Timgereround infection Svatom

Tiotiom, steam Srom, (s westwater swippsr i e produstion of aerylondizile;
ot sirezm fom (b recavery eninrs (n the production of servioniriie;
Tiateh siill botioms from e produstion, of aeslonitrile;

Tgmltaliiy |

Characierisfically corpusive WesiewRles,

Cyamides '

Asenic

Harium

Wasiewniere comizining mors than S el CREomInm,

Lead

hAsrogry

Selenium,

Sitwer

Wagievwaerr containing mere Thas 0.5 mg'l benzene;

Bopzane

Carpon, (eirachionids

histhyt Byl Ketone

Wastewaisr coniaining mers tnam, & og!l prridine
Eyriding , .
Contamminated groundyetszimuli-ouss hearnnks;
inlit-pourss leashate

Aorpheln

&1 allcohol

Cyamde Sale

Hydrogsn cyanide

Aretons Cyencydon

Eoimesivgg cyanids

Fyoplonitsile

Sedbusm, cyanids

Vanadinm Fepioxids

Aeziaidehyds

LHeaions

Aeetopiirie

heryiamide

Aomylic aold i
Aaryionliriie

Eonzens

Chloraionm

Crolonzideyds

Cyclolisrans

yclohexamons

Wisthylene chivrids

et
Syl austate
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Table 2B-3
Typical gnd Meximum Concentrations of the Main Contamingnts of the Comingled
Injectate to be Manaped in the Underground Injection System

Acetamide £0-35-5 2,500 100
Acetaldehyde 75-07-4 500 100
Acetic Acid 64-19-7 1,500 800
. Acetone 67-64-1 500 175
- Acetone Cyanohydrin 75-86-5 1,500 <10
- Acetonitrile 75-05-8 25,000 1,600
: Acrolein 107-02-8 500 - <25
| Acrylamide 79-06-1 1,500 400
v Acrylic Acid 79-10-7 15,000 4,000
| Acrylonimile 107-13-1 6,000 500
Allyl Alcohol 107-18-6 500 <i{
Benzene ' 71-43-2 106 <5.0 ‘
- Crotonaidehyde’ 41770-30-3 50 <0 ?.
| Crotonitriie (Aliyl Cyenide) 10%9-75-1 250 30 !
. Formic Acid! G- B 5,000 225
| Formaldehyde 30-00-0 i,000 49
| Formamide 75-12-7 250 106
. Fumaronitrile 17656-08-5 1,000 300
| HON (Free) £7-56-1 800 365
' HCH {Total) 74-90-8 o 5,300 350
: Isopropy! Alcohol 67-63-0 300 <25
| Maleonitrile 928-53-0 5,060 300
- Miethanol £7-56-1 10,600 60
| Methyacrylonitrile 126-98-7 - 100 <20
Methylethyl lKetone 78-93-3 250 <25
- Methyl Pyridine 108986 750 50
. Malononitrile 108-77-3 500 <109
Wicotinonitrile-(3-Cyanopyridine) 100-54-9 1,500 500
- Propionitrile 107-12- 500 L
Pyrazole 288-13-1 1,000 300
Pyridinge 110-86-1 500 né
| Sodium Cvanide 143-32-9 300 <25 ;
' Succinonitrile 110-64-2 1500 250 :‘
| Antimony 7440-36-0 25 1.0
t Arsenic FA40-38-2 15 0.05 !
- Barium 7440-39-3 25 <0.2 |
- Cadmiam 7440-43-9 25 NA
| Chromium 7440-47-3 25 0.22
- Cabalt 7440-65-4 25 0.5
. Lead - 7439-92-) 25 <i.g
- Nicke! 744G-02-0 25 1.0
| Meroury 7439-97-6 25 <1.0
. Strontium 7440-24-6 25 1.0
- Selenium 7762-49-2 25 <t 0
- Vanadium T440-62-2 25 <10
| Sitver 7440-22-4 25 <1.0
. Zing FAADH6-0 ] 100 0.05
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INEOS USA LLC
Lima, Ohio
WDW #1

ATTACHMENT E

CORRECTIVE ACTION PLAN



ERTIFICIAL PENETRATIONS

INEOS has elected 1 research all artificial penetrations within & nominal radius of 10 miles. This
radius extends well beyond the furthest extents of both the 10,000-year projection of iateral plume
migration and the Cone of influence (Section 5.0). in the preparation of this section, the main
source of information regarding all oll and gas wels in Ohio was & computer database compiled by
the Ohio Depariment of Natural Resources, Division of Mineral Resources Managemant (ODNR
DMRM). Staff of this agency provided a subset of this database that listed wells within @ 15-mile
radius, This larger radius was selecied because locaion information for some wells is limited t©
fisting the township. Townships are generally 5-mile-by-6-mite squares. Thus a 15-miie radius was
considered adequate 10 enCOMpass the "nominal’ 10-mile radius cited above. Wells in the ODNR
DMRM database within 10 miles at the INEOS site are listed in Appendix 6-1. Wells for which Ohio
Simte Plane coordinates are fisted in the ODNR DMRN database are piotied on Drawing 5-1.
permit numbers on Drawing &-1 are histed In Appendix 6-1.

Tabie 6-1, the list of wells desper than 1800 feet (sub-1800 foot wells) was updated io Apri 2610,
Well records are provided in Appendix 8-2. wellbore schematics for the sub-1800 foot weils are
orovided as Figures &-1 through 8-8. No wells penetrated 1800 feet since the last records search
{(1298). in addition, map PG-2 (Revissd 8/2004), which plots wells drilied below the Knox Dolomitie
published by the ODNR, DGS, was utifized (Figure 8-10).

pe shown in Table 6-1 and on Figure &-10, the only welis within the 10-mile AOR that have
-ecorded depths below the pase of the Knox Dolomite are the INEOS injection wells ang the
Hubbard, D-1, Permit No. 50668 in Table &-1.

in the records search performed for the 1994 No Migration Petition, two wells were found permitied
zs D-1 and D-2, which reporiedly had iotal depths of 2630 jeet and 1851 fesl, respectivety (Table &~
4). Records tor these wells are considered o be sufficiently incomplete, ihat further research was
warranizd. The state of records andg other information is discussed helow:

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

o The D-1 well (2630 tzet) does not appeal on the PG-2 Map (Figure 5-10) of sub-Knox
Dolomite wells,

o In an atiempt to verify ihat the wells permitied as D-1 and D-2 were evel drilied, a2 feld
investigation was made on August 14, 1981, The D-1 well, logged by Hubbard, is located
in Section 18, Auglaize Township, Allen County, and approximately 8 miles southsast of
the plant's iniection welle. There is no evidence of this well location anywhere on the
sarm based on interviews, and the present resident of 40 yezars does not recall such a
well The tract of land has been in his family for many years and there is no knowledge
of & well ever having been drilied on this property.

B-1



e A field reconnaissance was also made of the well permitied as D-2 (the JW. Sellers MNo.
& well). The record of this well is very limited with no location indicated on the card
record. Maps of the Ohio Historical Society were reviewed and i was determined that
e location of the No. & well agreed with the current (zs of 1991) Shawnee township
map, For investigative purpcses, the No, B well jocation was assumed o be correct on
ine current map as of 4584, Agsuming this to be correct the Sellers No. 8 well location 18
approximately 2.6 miles south of the plant in 2 smal lot subdivision. There i NO
avidence of a well having heen drilled on these properties srom the field reconnalssance
frip,

Based on the existing records, D-2, with & total depth of 1951 Teel, does not penetrate the confining
sone. The total depth of D-1, 5530 feet, is close to the 1Op of the injection interval, However, the
iocation of this well, approximately 8 miles east-southeast of INEOS, is outside the cone of
‘nfluence, and consequently outside the area of review as narrowly defined by conservalive non-
endangerment criterie, 1t should be noted that the 10-mile radius was an arbirary and over-
conservative choice for the area of investigation of artificiat penetrations.

it shouid be noted that many of the wells spotted on the maps on-file with the state, anc fisied in the
ODNR DMRM database, do not have iotal depths assigned to them. This is because many wells
were drilled in the late 1800's and early 1900's before accurate records were kept. As discussad in
ine following section, he ot produciive intarval in the AOR is the Trenton Limestone at
approximaiely 1250 feet. As the Trenton Limestone was the objeciive of the garly wells that lack
records, it is extremely doubtiul that any sarly weli penetraied the sub-Knox Dolomite formations
{injection zone) &s share was no sub-Trenton production than and there has never been sub-
Trenton production esiablished in the area of the AOR.

in conclusion, it has been getermined through an update of ofl and gas records, incorporation of the
ODNR DGS Map PG-2, and field reconnaissance that wells documented 10 have penetrated the
injection zone within the cone of influence of the INECS injection wells do not pose issues for
corrective action. If well D-1 exists, this wallbore witl not exparience pressuﬁzat%on sufficient to drive
yertical migration hecause it is located outside of the cone of influence.

Corrective Action Plan

As indicated above, NG corrective action ig required for welle within the AOR.

water Well Search

Water weli locations are plofied on Drawings 6-2, 6-3, ang 6-4. Topographic maps (USGS quad
sheets) with water well iocations through 19686 wera copied at the ODNR, Division of Water and
utilized for Drawing 8-2. Revised locations of wells drilled to September 2004 were downloaded
from the ODNR, Division of Water database and plotted on the topo map hase and shown on
Drawing 6-3. Locations of weils driled from September 2004 through mid-April 2010 were
downioaded from the Division of Waier database and were plotted on Drawing B-4. Wonitoring well
iocations at the INEOS facility are also provided on Drawing 2-1.



Miines, Karst Arses, Fiood Areas and Other Feafures

Several quarries and gravel pits are pregent within the AOR (Drawings 6-2 and 5-3). According t©
tha Ohio Mineral Indusiries Report, 2002, these eviract sand, gravel, limestone and dolomite for

various indugirial purposes. These will not be affected by injection operations. NO coal mining
soours in wesiern Ohic and mines are not present in the ADR.

The area of the AOR is covered by Pleistocene glacial deposits which overfie Silurian limestone
and dolomite. The map of Ohio Karst Areas (Figure 8-1 1) does not include karsting in the ADR.

The Twin Lake, Lost Creek, Metzger, Lima and Ferguson Resarvoirs are present o the northaast of
the INEOS facility (Drawings 5-2 and 6-3).

Appendix 8-3 1s & 100-year floodplain map that demonstrates that the INEOS facility is not iocated
in an area subjeci to flooding nazard.

Hydrocarbon sforage caverns are located adjacent io the INEOS facliity, to the southeast. None of

these is greater than 1800 feet deep, information regarding these walls is included as Appendix B-
4,

Off and Gas Resources Within the AOR

The Trenion Limesione at approximately 1250 teet is productive of oll and gas within the 10 mile
AOR (Drawing &-1). Trenion Limestone production is part of the giant Lima-indiana Trend, which
includes 80 actual individual fields, and exiends for 185 miles from Toledo, Ohic southwesiward 1o
indianapoiis, Indiana (Figure 6-12; Wickstrom, et al, 1982).

The Lima-indiana Trend was extensively drilled in the late 1800's o early 1900's with peak
production in 41805 (Figure 5-13), By 1610, the fisids were largely depleted {Wickstrom, et al,
1982).

No formations below the Trenton Limestone are productive of ot and gas within the AOR. No
commercial oll and gas production has bsen established from any sub-Knox Dolomite formations in
Ohio (Marris and Baranoski, 1996). Therefors, there has besen no commercial oil and gas
production from the confining or injection Zones.
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ATTACHMENT F

QUALITY ASSURANCE ACKNOWLEDGMENT

t hereby affirm that all chemical data submitted for injection Well Permit No. ¥

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

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

required by OAC Rule 3745-34-57. 1 also acknowledge the right of Ohio EPA to inspect
the samp!ing protocols, calibration records, analytical records or methods, and relevant
guality assurance and quality conirol information for the monitoring operations reguired

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

Date Authorized Agent Signature

*

03-02-003-PTO-]
03-02-004-PTO-i
02-02-005-PTO-!
03-02-006-PTO-I For

Name of Company



INEOS USALLC
Lima, Ohio
WDW #14

ATTACHMENT G

CERTIFICATION PURSUANT TO OAC RULE 3745-34-589 (E)



3.0 WASTESTREAM JUSTIFICATION

Section No. 59(E}
(C) The owner of operator will provide a certificafion that states:

(1) The generator of the hazardous waste has a program io reduce the volume or
quantity and toxicity of such waste fo the degree determined by the generator to be
sconomically practicable; and

(2) injection of the waste is that practicable method of disposal currently avallable to the
generator which minimizes the present and future threat fo human health and
environment.

Summary

Alternative handling and disposel options for process wastewater from the production of
acrylonitrile’ have been extensively studied by INECS. Options to reduce wasies
generated by the process (waste minimization) have been evaluaied as well as options
for elimination of deepweli disposal that rely on above ground freatment and disposal
technigues. The results of this investigation show that while alternatives to deepwell
imjaction may exist, these slternatives are less profective of human health and the
ervironment and are not readily capable of being put into practice due 10 technical
iimitations. Furthermore, waste minimization was found to be the best approach, as
currently practiced at the Lima Chemical plant, when practiced in corjunction with
despwell inmjection. Since approximately 2.5 pounds of water is generated for each
pound of acrylonitriie produced, water will always need io be disposed of from the
process even wiih efficient waste minimization.

The viable surface treaiment options for elimination of despwell injsction involve
incineration of the entire wastawater stream or incineration of polymears formed in the
production of acrylonitrile after separafion from the wastewater. in addition, all of the
treatment options considered result in significant air emissions, surface water poliution
and generation of industrial sludge which must be either landfilled or incinerated, all of
which may result in exposures to the public. in comparison, despwell injection doss not
result in these environmental negatives and exposure of poliution to the public.
Tharefore, it is concluded that despwell injection of wastewater at the Lima Chemical
plant is the practicabie method currently available which minimizes the present and
future threat to human health and the environment. '

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



Background

All of the acrylonitriie manufactured in the United States is produced using the Sohio
ammoxidation method. This involves the reaction of air, ammonia and propyiene ina
fluidized bed catalytic reactor. Wastewater s generated in the process dus to the
stoichiometry of the rsaction (approximately 2.5 pounds of water is made for each
pound of acrylonitriie) and the use of sulfuric acid in the guench step to remove exXcess
ammonia from reactor effluent gases. Currently ali producers of acrylonitrile in the U.s.
use deepwell injection for wastewater dispesal because no practicable option exists and
all of the production sites are iocated where the local geology is well suited for
underground injection.

Since the Lima site first started operation of the acrylonitriie unit thirty years ago,
aumerous alternatives for wastewater wandling and disposal have been evaluated.
Deepwelt injection was first practiced in 1968 and eliminated the environmental
emizsions associated with the vrevious operations, which was discharge of dilute
process wastewater to the Oftawa River which created water quality problems, and the
incineration of the contaminated process wastewater which resulied in rementdous NOx
and SOx emissions. Aliernatives that are technically available are ful incineration of the
wastewater and use of process modifications fo yield biotreatable water for surface
gischarge and incineration of the organic polymers. These will be dascribed in the next
section along with the other handiing and dispcsal alternatives that have been studied
over the vears and have been sound not to be technically available for implementation.

Deepwell Alternatives

INEOS had a research program that has evaluated and studied aliernaiives o deepwell
injection for disposal of acrylonitrile production wastewater. information on alternatives
has been gathered over the years from a number of sources. These include contact
with other acrylonitrile producers, the National Technical information Services (NTIS) of
the U.S. Depariment of Commerce, contact with universiiies and private research
foundations, equipment vendors, and various internal searches of literature and
research databases. This has yielded a comprehensive fist of technologies that could
be applicable o freatment and disposal of acrylonirile wastewater. The technologies
identified fall into the foliowing categories:

o process changes which alier the naturs and treatability of the wastes

e+ incineration

o biological treatment methods
physical/chemical treatment methods

@



» combinatons of the above

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

and demonstrated for freating acrylonitrile production wastewater. This yvielded the
following options: ' '

o liguid incineration with tait gas gesulfurization
« process changes with surface treatment of the wastes - biological treatment

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

Al of the other technologies identified were considerad not viable for various reasons,
such as not being demonstrated on acrylonitrile production wastewaters or treatment stil
reguired deepwell injection of esidual wastewaters. A brief description of the remaining
two options which are considered tachnically viable is given below.

Incineration

Incineration is a proven technology for treating a variety of organic bearing wasies,
especially fiquid or water-based wastes that flow fresly. However, when incinerating
acrylonitrile production wastewater, the sulfate salt content (4-5% ammonium sulfate)
and high nifrogen content require desulfurization of the incinerator tail gas and use of
low-NOx technology to minimize SOx and NOx emissions.  Although this technology
appears available, there are no operating units which have demonstrated the low-S0X
and NOx technology on acrylonitrile production wastewater. Furthermore, since the
wastewater contains only 1% organics and a high sulfate level, a remendous amount of
suel wili be needed to fully combust the wastewater and the desulfurization step will
generate iremendous guantilies of sludge (solid waste}, not o méni';on the sizable
increase in iotal NOx emissions that would be generated.

The permitting of an incineration option has been reviewed and it is anticipated that
obtaining & hazardous waste incineration parmit witl take more than seven ysars and
thousands of man-hours of fime, Clearly, the availabiiity of this aliernative to deepwell

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

Basad on the above discussion, it is concluded that incineration or any alternative that
relies on incineration as a component of that alternative is not a viable or practicable
meathod available o sliminate deepwell injection.



Process Changes With Surface Treatment of Wastes

INEOS has identified process changes that could be made to the acrylonitrile process
that would minimize and zlter the wasie streams that are generated. These process
changes would accomplish three things - (1) concentration of the organic polymers in
one stream for incineration; {2) conceniraiion of the ammenium sulfate salt in ancther
stream which could then be crystallized; and, (3} production of 2 wastewater stream with
fimited organic concentration which could be biologically treated 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 feasible and could be

practiced simultaneously for efimination of underground injection of acrylonitrile
wasiewalier.

The implementation of these process changes as an alternative to deepwell injection is
not considered a2 practicable option at this time for three reasons. First, as discussed in
the last section, addition of new incineration capacity is required for this option and is
not @ practicable method currenfly available. Second, the ammonium sulfate salt from
the process changes would have o be landfilied as hazardous waste since the salt is
derived from a hazardous wastewater. This approach would be a cross media transfer
sinca it merely replaces underground injection of these salts with landiilling which is not
considered as environmeantally protective. Lasily, the "clean” wastewatier that would be
biologically freated would have io be discharged to the Ottawa River which is a water
quality fimited stream. Introduction of a new discharge would be critically reviewed and
the effluent from treatment would have to meetl water quality standards. Treatment of

this waier fo waier quality standard is not proven technology and is not a demonstrated
alternative,

in conclusion, the process changes that could be implemented to eliminate underground

injection of acrylonitrile production wastewaier are not considered available praciicabie
approaches.

Fort Amanda Specialties Deepwell Alfernatives

The Fort Amanda Specialties waste streams are very similar to the acrylonitrile process
wastewater, i.e., they contain ammponia, sulisie, cyanide and nitriles, Due to their
similarity, the same alternatives for waste handling and disposal apply, as well as
fimitations to iImplementation.



Conclusion

Based on the discussion above, no practicable methods were identified that are
available to sliminate underground injection of acrylonitrile production wastewater from
the Lima Chemical plant. INEOS hereby certifies, as required by Ohio Administrative
Code (OAC) 3745-34-59(F), that no practicable alternatives to deepwell disposal exist

for the Lima Chemical plant. INEOS is commitied, however, 1o continue investigating

options to deepwell injection and options that minimize the wastes generated from the
acryionitrile process.

Waste Minimization Ceriification

In accordance with reguirement Part 11(H) of the above-referenced permits to operate
and Ohio Revised Code Section 6111.045, INEOS has prepared and forwarded to the
Ohio EPA the latest revision and update of the facility waste minimization plan in 2008.



