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RAILROAD COMMISSION OF TEXAS 
OIL AND GAS DIVISION

PERMIT TO GEOLOGIC STORAGE AND ASSOCIATED INJECTION OF 
ANTHROPOGENIC CARBON DIOXIDE (CO2) 

Milestone Carbon Midland CCS Hub, LLC (P-5 # 101847) 
840 Gessner Road, Suite 600 
Houston, TX 77024 

Class VI Permit Number: 57099 
Project/Facility Name: South Midland Facility 
County: Upton, District 7C 

Effective Date: xxxxxxx, 2026 
Expiration Date: Life of the project, if injection begins within five (5) years from the effective date; otherwise, a renewal 

application must be filed with a fee within 21 days before xxxxxxx, 2031 

Authority is granted to inject anthropogenic CO2 into the well identified herein in accordance with pursuant to the Texas 
Water Code, Chapter 27, the Texas Natural Resources Chapter 91, and Underground Injection Control (UIC) regulations 
of the Railroad Commission of Texas, codified at Title 16, Part 1, Chapter 5 of the Texas Administrative Code (16 TAC) 
Subchapters A and B, §§5.101, 5.102, 5.201, 5.202, 5.203, 5.204, 5.205, 5.206, 5.207, and 5.208, and based on 
information contained in the final application dated 01/27/26, subject to the following terms and conditions: 

TABLE 1: GENERAL INFORMATION 

Source of CO2 Total CO2 Storage Mass 
(Million Metric Tons) 

Duration of Injection 
(Years) 

Top Confining Zone 
Formation Name Injection Zone Formation Name 

Nearby Oil and 
Gas Processing 
Sources, Direct 

Air Capture 
Facilities, Power 

Plants and/or 
Cement Plants 

11.9 12 Woodford Shale Ellenburger and Siluro-Devonian 

TABLE 2: INJECTION WELL IDENTIFICATION AND PERMIT PARAMETERS 

Well Name & 
No. 

Well Location 
Lat/Long 
(NAD 83) 

UIC No. 
Top Inj. 

Interval, TVD 
(Feet) 

Bottom Inj. 
Interval, TVD 

(Feet) 

Max. 
Injection 

Mass Rate 
(Metric 

tonnes per 
day) 

Max. 
Surface 
Injection 
Pressure 

(psi) 

Max. 
Bottom 

Hole 
Injection 
Pressure 

(psi) 

Midland CCS #2 31.615788/ 
-101.990004 TBA 12,200 13,849 3,086 4,000 7,875 

JIM WRIGHT, CHAIRMAN DANNY SORRELLS 
CHRISTI CRADDICK, COMMISSIONER ASSISTANT EXECUTIVE DIRECTOR 
WAYNE CHRISTIAN, COMMISSIONER DIRECTOR, OIL AND GAS DIVISION 

PAUL DUBOIS, P.E. 
ASSISTANT DIRECTOR, TECHNICAL PERMITTING 
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TABLE 3: MONITOR WELLS IDENTIFICATION 

Well Name & No. Latitude 
(NAD 83) 

Longitude 
(NAD 83) Purpose Total Depth, TVD 

(Feet) 
Anticipated 
Drill Date 

Midland IZM #2 31.608086 -101.983038 In-Zone Monitoring Well 13,785 2026 

Midland USDW #2 31.615586 -101.990004 USDW Monitoring Well  1,300 2026 

Midland NSSW #1 31.602452 -101.975692 Near Surface Seismicity and Water Well 300 2026 

Midland NSSW #2 31.596219 -102.005364 Near Surface Seismicity and Water Well 300 2026 

Midland NSSW #3 31.649299 -102.023221 Near Surface Seismicity and Water Well 300 2026 

Midland NSSW #4 31.655552 -101.937328 Near Surface Seismicity and Water Well 300 2026 

Midland NSSW #5 31.710443 -102.012969 Near Surface Seismicity and Water Well 300 2026 

STANDARD CONDITIONS: 

1. The operator must submit a proposed schedule at least 30 days to District Office and notify at least 48 hours prior to: 

a. beginning any well completion, workover or remedial operation 
b. conducting any required test, logging or surveys 

All information and test results must be filed with SIP unit using the email SIP@rrc.texas.gov. and a copy to the 
District Office, which shall be signed and certified. 

2. Before surface casing is installed, the operator must run appropriate logs, such as resistivity, spontaneous potential, and 
caliper logs. 

3. After each casing string is set and cemented, the operator must run logs, such as a cement bond log, variable density 
log, and a temperature log, to ensure proper cementing. 

4. Before long string casing is installed, the operator must run logs appropriate to geology, such as resistivity, spontaneous 
potential, porosity, caliper, gamma ray, and fracture finder logs, to gather data necessary to verify the characterization of 
the geology and hydrology. 

5. Injection must be through tubing set on a packer. The packer must be set no higher than 100 feet above the top of the 
permitted interval. 

6. The well must be constructed using CO2 compatible materials. 

7. The wellhead must be equipped with a pressure observation valve on the tubing and for annulus. 

8. The well must use alarms and automatic shut-off systems designed to alert and shut-in the well when operating 
parameters such as annulus pressure, injection rate or other parameters diverge from permitted ranges. 

9. The annulus between the tubing and the long string casing must be filled with a corrosion inhibiting fluid and must 
maintain on the annulus a pressure, that exceeds the operating injection pressure. 

mailto:SIP@rrc.texas.gov
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10. The total volume of CO2 injected into the storage facility must be metered through a master meter. The volume and/or 
mass of CO2 injected into each injection well must be metered through an individual well meter. If mass is determined 
using volume, the operator must provide calculations. 

11. Prior to injection, whole cores or sidewall cores of the injection and confining zones; and formation fluid samples from 
the injection zone must be taken. Thereafter, a detailed report prepared by a log analyst that includes well log analyses, 
core analyses and formation fluid sample information such as temperature, pH, conductivity must be submitted. 

12. Must provide the chemical composition and temperature of the CO2 stream. 

13. An annulus pressure test must be performed prior to injection and at least once every five years thereafter, or 
subsequently after any work over. The test pressure must equal the maximum authorized injection pressure or 500 psig, 
whichever is less, but must be at least 200 psig. The test results must be submitted in accordance with the instructions 
of Form H-5 within 30 days after the testing. 

14. Prior to injection, the operator must perform an initial pressure fall-off or other test and submit a written report of the 
results of the test, including details of the methods used to perform the test and to interpret the results, all necessary 
graphs, and the testing log, to verify permeability, injectivity, and initial pressure using water or CO2. 

15. The injection pressure, rate, temperature, volume and/or mass, and the pressure on the annulus and annulus fluid 
volume added must be monitored daily and reported semi-annually on a monthly basis on Form H-10. 

16. At least once per year until the injection well is plugged, the external mechanical integrity of the casing must be 
performed using a method approved by the director (e.g., diagnostic surveys such as oxygen-activation logging or 
temperature or noise logs). The results of the test, including details of the methods used to perform the test and to 
interpret the results, all necessary graphs, and the testing log must be submitted. 

17. Within 30 days after completion, a new Form W-2 and Log must be filed to show the current completion status of the 
well. The date of the injection well permit, and the permit number must be included on the new Form W-2. 

18. Every five years or more frequently the AoR will be reevaluated, and the resultant information must be submitted in 
an electronic format. 

19. The operator must submit an annual report detailing the re-calculated AoR unless the operator submits a 
statement signed by an appropriate company official confirming that monitoring and operational data supports the 
current delineation of the AoR on file with the Commission. 

20. Injection fee. The operator must pay the Commission an annual fee of $0.025 per metric ton of CO2 injected into 
the geologic storage facility. 

21. Post-injection care fee. The operator must pay the Commission an annual fee of $50,000 for each year that the 
operator does not inject into the geologic storage facility until the director has authorized storage facility closure. 

22. The operator may transfer the facility permit to another operator and must submit written notice of an intended permit 
transfer to the director at least 45 days prior to the date the transfer of operations is proposed to take place. 

23. The operator must identify each location in which geologic storage activities take place, including each injection 
well, with a sign that meets the requirements specified in §3.3(1), (2), and (5) of this title (relating to Identification of 
Properties, Wells, and Tanks). In addition, each sign must include a telephone number where the operator or a 
representative of the operator can be reached 24 hours a day, seven days a week in the event of an emergency. 

24. The operator of a geologic storage facility must comply with the requirements of Chapter 5, subchapter B as well as with 
all other applicable Commission rules and orders, including the requirements of Chapter 8 of this title (relating to 
Pipeline Safety Regulations) for pipelines and associated facilities. 
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25. Within 30 days of receipt of this permit, the permittee shall certify to the Director in an electronic format, that the 
operator has read and is familiar with all terms and conditions of this permit. This certification shall be signed and made 
in accordance with requirements of Title 16 TAC §5.207(c) and (d). 

26. The permittee may not commence injection until the Director has given a written authorization to commence 
injection. 

SPECIAL CONDITIONS: 

1. The well will be completed as an open-hole with following conditions: 

a. Run a radial Cement Bond Log (CBL) in the Midland CCS No. 2 injection well to demonstrate and 
document that no channeling or other cement deficiencies exist in the cement sheath surrounding the 7-
5/8-inch casing. 

b. Conduct a Formation Integrity Test (FIT) in the Midland CCS No. 2 injection well immediately below the 
casing shoe after cementing the 7-5/8-inch production casing to confirm that there is no possibility of 
fluid migration above this casing shoe (demonstrating and documenting that complete zonal isolation of 
the injection reservoirs below has been attained). 

c. Report the results of the CBL logging and FIT at the 7-5/8-inch casing shoe to the SIP unit using the 
email SIP@rrc.texas.gov. and a copy to the District Office and must obtain approval prior to drilling 
the final 6-1/8-inch hole section through the injection reservoir interval down to the final total depth (TD) 
of the well. 

d. The well must be configured such that an additional long-string casing or a liner can be set and 
cemented through the whole injection interval if future conditions indicate such control is necessary. 

2. Injection cannot begin until a surety bond in an amount of $20,957,610 has been filed. The bond must be renewed 
and continued in effect until the conditions of the bond or letter of credit have been met or its release is authorized. 
An annual update of the cost estimate to increase or decrease to account for any changes must be provided within 
60 days prior to the anniversary date of the establishment of the financial instruments used to comply. Whenever 
the current cost estimate increases or decreases, the face amount of the financial assurance instrument may be 
increased or reduced to the amount of the current cost estimate. 

Provided further that, should it be determined that such injection fluid is not confined to the approved interval, then the 
permission given herein is suspended and the injection operation must be stopped until the fluid migration from such interval 
is eliminated. Failure to comply with all the conditions of this permit may result in the operator being referred to enforcement 
to consider assessment of administrative penalties and/or the cancellation of the permit. 

APPROVED AND ISSUED ON xxxxxx, 2026 
 
 
 
 

_______________________ 
Rob Castillo, Manager 
Special Injection Permits Unit 

  

mailto:SIP@rrc.texas.gov
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PERMIT CONDITIONS 

A. EFFECT OF PERMIT 
The permittee is allowed to engage in 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) or any unauthorized 
geologic zones. The objective of this permit is to prevent the movement of fluids into or 
between USDW or into any unauthorized geologic zones consistent with the requirements of 
16 TAC §§5.203(d)(1)(C), 5.203(e)(1)(A)(i) and 5.203(j)(2)(H). Any underground injection 
activity not specifically authorized in this permit is prohibited. For purposes of enforcement, 
compliance with this permit during its term constitutes compliance with Texas Water Code, 
Chapter 27, and the Texas Natural Resources Code, Chapter 91. Issuance of this permit does 
not convey property rights of any sort or any exclusive privilege; nor does it authorize any 
injury to persons or property, any invasion of other private rights, or any infringement of State 
or local laws or regulations. Nothing in this permit shall be construed to relieve the permittee 
of any duties under applicable regulations. 

B. PERMIT ACTIONS 
1. Modification, Revocation and Reissuance, and Termination – The Director 

of the RRC Class VI UIC Program, hereinafter, the Director, may, for cause or upon 
request from any interested person, including the permittee, modify, revoke and reissue, or 
terminate this permit in accordance with 16 TAC §5.202(d)(2)(A). The filing of a request for 
a permit modification, revocation and reissuance, or termination, or notification of planned 
changes, or anticipated noncompliance on the part of the permittee does not stay the 
applicability or enforceability of any permit condition in accordance with 16 TAC 
§5.206(o)(2)(K). 

2. Minor Modifications – Upon the consent of the permittee, the Director may modify a 
permit to make the corrections or allowances for minor changes in the permitted activity as 
listed in 16 TAC §5.202(d)(2)(A)(viii). Any permit modification not processed as a minor 
modification under 16 TAC §5.202(d)(2)(A)(viii) shall be made for cause, and with a draft 
permit and public notice as required in 16 TAC §5.204. 

3. Transfer of Permit – An operator may transfer its geologic storage facility permit to 
another operator if the requirements of 16 TAC §5.202(c) are met. A new operator shall 
not assume operation of the geologic storage facility without a valid permit in accordance 
with 16 TAC §5.202(c) and Section O(6)(b) of this permit. 

C. SEVERABILITY 
The provisions of this permit are severable under 16 TAC §5.208(b), and if any provision of 
this permit or the application of any provision of this permit to any circumstance is held invalid, 
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the application of such provision to other circumstances and the remainder of this permit shall 
not be affected thereby. 

D. CONFIDENTIALITY 
In accordance with the Texas Public Information Act, Texas Government Code, Chapter 552, 
any information submitted to the RRC pursuant to this permit may be claimed as confidential 
business information by the submitter. Any such claim shall be asserted at the time of 
submission by clearly identifying each page with the words "confidential business information" 
on every page containing such information. If no claim is made at the time of submission, the 
RRC may make the information available to the public without further notice. If a claim is 
asserted, the validity of the claim will be assessed in accordance with the procedures in the 
Texas Public Information Act, Texas Government Code, Chapter 552. Claims of confidentiality 
for the following information will be denied: 

1. The name and address of the permittee; and 

2. Information which deals with the existence, absence, or level of contaminants in 
drinking water. 

E. DEFINITIONS 
All terms used in this permit shall have the meaning set forth in the Texas Water Code, 
Chapter 27, or the Texas Natural Resources Code, Chapter 91, and the RRC’s UIC 
regulations specified at 16 TAC §5.102. Unless specifically stated otherwise, all references to 
“days” in this permit should be interpreted as calendar days. 

F. DUTIES AND REQUIREMENTS 
1. Prohibition of Movement of Fluid into a USDW – The permittee shall not 

construct, operate, maintain, convert, plug, abandon, or conduct any other injection activity 
in a manner that allows the movement of a fluid containing any contaminant into USDWs. If 
any water quality monitoring of a USDW indicates the movement of any contaminant into 
the USDW, the Director may take enforcement action or prescribe such additional 
requirements for construction, corrective action (including closure of the injection well), 
operation, monitoring, or reporting as are necessary to remediate and prevent such 
movement. 

2. Duty to Comply – The permittee shall comply with all conditions of this permit. Any 
permit noncompliance constitutes a violation of 16 TAC §5.206(o)(2)(A) and is grounds for 
enforcement action, permit termination, revocation and reissuance, modification, or for 
denial of a permit renewal application. 

3. Duty to Reapply – If the permittee wishes to continue an activity regulated by this 
permit after its expiration, the permittee shall apply for and obtain a new permit. 

4. Penalties for Violations of Permit Conditions – Any person who violates a 
permit requirement is subject to civil and/or criminal penalties and other enforcement action 
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under the Texas Natural Resources Code, Title 3, Section 91.143 and Texas Water Code, 
Chapter 27. Any person who willfully violates permit conditions may be subject to criminal 
prosecution under the Texas Natural Resources Code, Title 3, Section 91.143 and Texas 
Water Code, Chapter 27. 

5. Need to Halt or Reduce Activity Not a Defense – It shall not be a defense for the 
permittee in an enforcement action to claim that it would have been necessary to halt or 
reduce the permitted activity to maintain compliance with the conditions of this permit in 
accordance with 16 TAC §5.206(o)(2)(B). 

6. Duty to Mitigate – The permittee shall take all timely and reasonable steps necessary 
to minimize or correct any adverse impact on the environment resulting from 
noncompliance with this permit in accordance with 16 TAC §5.206(o)(2)(C). 

7. 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 permittee to achieve compliance with the 
conditions of this permit. Proper operation and maintenance include, among other things, 
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 facilities or similar 
systems only when necessary to achieve compliance with the conditions of this permit by 
16 TAC §5.206(o)(2)(D). 

8. Duty to Provide Information – The permittee shall furnish to the Director in 
electronic format, within the time specified by the type of submittal or as defined by the 
Director, any information which the Director may request to determine whether cause exists 
for modifying, revoking and reissuing, or terminating this permit, or to determine compliance 
with this permit or the UIC regulations. The permittee shall also furnish to the Director, upon 
request, within a time specified, electronic copies of records required to be kept by this 
permit by 16 TAC §5.206(o)(2)(H). 

9. Inspection and Entry – The operator shall allow any member or employee of the 
Commission, on proper identification, to by 16 TAC §5.206(o)(2)(I): 

(a) Enter upon the permittee's premises where a regulated facility or activity is located 
or conducted, or where electronic or non-electronic records are kept under the 
conditions of this permit; 

(b) Have access to and copy, at reasonable times, any electronic or non-electronic 
records that are kept under the conditions of this permit; 

(c) Inspect, at reasonable times, any facilities, equipment (including monitoring and 
control equipment), practices, or operations regulated or required under this permit; 
and 
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(d) Sample or monitor, at reasonable times, for the purposes of assuring permit 
compliance or as otherwise authorized by the Texas Water Code, §27.071, or the 
Texas Natural Resources Code, §91.1012, any substances or parameters at any 
location, including facilities, equipment or operations regulated or required under 
this permit. 

10. Signatory and Certification Requirements – All reports, notifications, or any 
other information, required to be submitted by this permit or requested by the Director shall 
be signed and certified in accordance with 16 TAC §§5.206(o)(2)(L), 5.207(c) and 
5.207(d). 

G. AREA OF REVIEW AND CORRECTIVE ACTION 
1. The Area of Review (AoR) is the area surrounding the injection well where USDWs may be 

endangered by the injection activity. The area of review was delineated using 
computational modeling that accounts for the physical and chemical properties of all 
phases of the injected carbon dioxide stream and is based on available site 
characterization, monitoring, and operational data. The permittee shall maintain and comply 
with the approved AoR and Corrective Action Plan (CAP) included as Attachment A, which 
is an enforceable condition of this permit, and shall meet the requirements of 16 TAC 
§5.206(g). 

2. As documented in Attachment A, there are no wellbore penetrations within the AoR that 
require plugging because no pre-existing wellbores penetrate the injection zone or 
confining layer. 

3. Every five (5) years as specified in the AoR and CAP, or more frequently when monitoring 
and operational conditions warrant, the permittee shall reevaluate the AoR and perform 
corrective action in the manner specified in 16 TAC §5.206(g) and update the AoR and 
CAP or demonstrate to the Director that no update is needed. Reevaluation of the AoR and 
CAP shall meet the requirements of 16 TAC §5.203(d)(1)(A) - (C) and shall include a new 
survey of wells within the existing or modified AoR. 

4. Following each AoR reevaluation or a demonstration that no evaluation is needed, the 
permittee shall submit a report of the resultant information in an electronic format to the 
Director for review and approval. Once approved by the Director, the revised AoR and CAP 
will become an enforceable condition of this permit. 

H. FINANCIAL RESPONSIBILITY 
The permittee shall maintain financial responsibility and resources to meet the requirements 
of 16 TAC §5.205 for the life of this permit and through all phases of the project. The 
permittee must maintain financial responsibility until site closure is authorized by the Director 
as described in Section P of this permit. The permittee shall use financial instruments as listed 
in 16 TAC §5.205(c)(2)(D) to cover all costs associated with the requirements of this permit. 
The approved financial responsibility and estimated costs for this permit are found in 
Attachment J and in the administrative record of this permit. 
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1. Costs to be Covered – The financial instrument(s) shall be sufficient to cover the cost 
of: 

(a) Corrective action (that meets the requirements of 16 TAC §5.203(d)(2). 

(b) Injection well plugging (that meets the requirements of 16 TAC §5.203(k). 

(c) Emergency and remedial response (that meets the requirements of 16 TAC 
§5.203(l). 

(d) Post injection site care and site closure (that meets the requirements of 16 TAC 
§5.206(m). 

2. Cost Estimate Updates and Adjustments – A detailed written estimate for each 
phase is included in Attachment J of this permit. The cost estimates must be performed for 
each phase separately and must be based on the costs to the Commission of hiring a third 
party to perform the required activities. A third party is a party who is not within the 
corporate structure of the owner or operator. and the dollar amount of the financial 
assurance shall be approved by the Director in accordance with 16 TAC §5.205(c)(2)(C)(i). 

(a) A qualified professional engineer licensed by the State of Texas, as required under 
Occupations Code, Chapter 1001, relating to Texas Engineering Practice Act, must 
prepare or supervise the preparation of a written estimate of the highest likely 
amount necessary to close the geologic storage facility. The owner or operator 
must submit to the director the written estimate under seal of a qualified licensed 
professional engineer, as required under Occupations Code, Chapter 1001, relating 
to Texas Engineering Practice Act in accordance with 16 TAC §5.205(c)(2)(C)(ii). 

(b) During the life of this permit, the permittee shall adjust the cost estimate for annual 
inflation and any amendments made to the Project Plans included as Attachments 
A-J of this permit, which address costs associated with items (a) through (d) in 
Section H(1) of this permit. The permittee shall adjust cost estimates annually at 
least 60 days prior to the anniversary date of the establishment of the financial 
instrument(s) and provide this adjustment to the Director in an electronic format in 
accordance with 16 TAC §5.205(c)(2)(E). All cost and Project Plan adjustments are 
subject to the Director’s approval. 

3. Notification –  

(a) Whenever a cost estimate increases to an amount greater than the face amount of 
a controlling financial instrument, the permittee, at least 60 days after the increase, 
shall either cause the face amount to be increased to an amount at least equal to 
the current cost estimate and submit evidence of such increase to the Director, or 
obtain other financial responsibility instruments to cover the increase. Whenever a 
current cost estimate decreases to an amount less than the face amount of a 
controlling financial instrument, the face amount of the financial assurance 
instrument may be reduced to the amount of the current cost estimate only after the 
permittee has received written approval from the Director in accordance with 16 
TAC §5.205(c)(2)(G). 
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(b) The permittee shall notify the Director by certified mail and in an electronic format of 
adverse financial conditions that may affect the ability to carry out injection well 
plugging, post-injection site care and site closure, and any applicable ongoing 
actions under Corrective Action and/or Emergency and Remedial Response. The 
notice of bankruptcy shall be filed in accordance with 16 TAC §§3.1(f) (relating to 
Organization Report; Retention of Records; Notice Requirements) and 5.205(d)(1). 
Such notice shall be provided to the RRC’s Office of General Counsel and to the 
Director. 

(i) The owner or operator filing a bond must ensure that the bond provides a 
mechanism for the bond or surety company to give prompt notice to the 
Commission and the owner or operator of any action filed alleging insolvency 
or bankruptcy of the surety company or the bank or alleging any violation that 
would result in suspension or revocation of the surety or bank's charter or 
license to do business in accordance with 16 TAC §5.205(d)(2). 

(ii) Upon the incapacity of a bank or surety company by reason of bankruptcy, 
insolvency or suspension, or revocation of its charter or license, the 
Commission must deem the owner or operator to be without bond coverage in 
accordance with 16 TAC §5.205(d)(3). The Commission must issue a notice to 
any owner or operator who is without bond coverage and must specify a 
reasonable period to replace bond coverage, not to exceed 60 days. 

I. WELL CONSTRUCTION 
The design and specifications for the injection well, injection zone monitoring wells, confining 
zone monitoring wells, and the USDW monitoring wells are included in Attachment B of this 
permit. 

1. Injection Well Construction – The well shall be constructed in accordance with 
16 TAC §§3.13 and 5.203(e)(1) with an exception given by the Director to 16 TAC 
§5.203(e)(B)(v) allowing an open-hole well completion (no casing, liner, or cement) through 
the injection zone. Well construction permitted with this exception meets all federal Class VI 
UIC well construction requirements as stipulated in 40 CFR §146(b). This well construction 
exception will allow optimal connectivity with, and injectivity into, the fractured injection 
reservoir and will cause no increase in risk to USDWs. The design and construction shall 
allow continuous monitoring of the annulus between the long string casing and the injection 
tubing and accommodate testing devices and workover tools with the following conditions: 
a. Run a radial Cement Bond Log (CBL) in the Midland CCS No. 2 injection well to 

demonstrate and document that no channeling or other cement deficiencies exist in the 
cement sheath surrounding the 7-5/8-inch casing. 

b. Conduct a Formation Integrity Test (FIT) in the Midland CCS No. 2 injection well 
immediately below the casing shoe after cementing the 7-5/8-inch production casing to 
confirm that there is no possibility of fluid migration above this casing shoe 
(demonstrating and documenting that complete zonal isolation of the injection 
reservoirs below has been attained). 
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c. Report the results of the CBL logging and FIT at the 7-5/8-inch casing shoe to the SIP 
unit using the email SIP@rrc.texas.gov. and a copy to the District Office and must 
obtain approval prior to drilling the final 6-1/8-inch hole section through the injection 
reservoir interval down to the final total depth (TD) of the well. 

d. The well must be configured such that an additional long-string casing or a liner can be 
set and cemented through the whole injection interval if future conditions indicate such 
control is necessary. 

During construction, the permittee may make changes to the design of the injection well 
consistent with the conditions of this permit. If changes are made to the design of the well, 
notification shall be made to the Director, and the construction changes shall be provided 
for review and approval by the Director before installation. Once the construction of the well 
is completed, and prior to authorization to inject, the permittee shall submit the final, as-built 
construction specifications and diagrams within 30 days for review and approval by the 
Director. Any deviations from the proposed design and as-built construction of the well shall 
be noted. If the changes in well design are significant, the Director may require this permit 
to be modified. 

2. Siting – The permittee has demonstrated to the satisfaction of the Director that the well is 
in an area with suitable geology in accordance with the requirements at 16 TAC 
§5.206(b)(6). 

3. Casing and Cementing – The wells shall be cased and cemented in accordance with 
16 TAC §§3.13 and 5.203(e)(1)(B). Casing, cement, or other materials used in the 
construction of the well shall have sufficient structural strength for the life of the geologic 
sequestration project. All well materials shall be compatible with all fluids with which the 
materials may be expected to come into contact and shall meet or exceed standards 
developed for such materials by the American Petroleum Institute, ASTM International, or 
comparable standards acceptable to the Director. The casing and cementing program shall 
prevent the movement of fluids into or between USDWs for the expected life of the well. 
The casing and cement used in the construction of this well are shown in Attachment B of 
this permit and in the administrative record for this permit. Any changes shall be submitted 
in an electronic format for approval by the Director before installation. 

4. Tubing and Packer Specifications – The tubing and packer design shall meet the 
requirements of 16 TAC §§3.13 and 5.203(e). Tubing and packer materials used in the 
construction of the well shall be compatible with fluids with which the materials may be 
expected to come into contact and shall meet or exceed standards developed for such 
materials by the American Petroleum Institute, ASTM International, or comparable 
standards acceptable to the Director. Injection shall only take place through the tubing, with 
a packer set in the long string casing within or below the nearest cemented and 
impermeable confining system no more than 100 feet above the injection zone in 
accordance with 16 TAC §5.203(e)(1)(C)(i). The tubing and packer used in the well are 
represented in engineering drawings contained in Attachment B of this permit. Any change 
shall be submitted in an electronic format for review and approval by the Director before 
installation. 

mailto:SIP@rrc.texas.gov
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5. Sampling and Monitoring Devices – The permittee shall install and maintain in 
good condition all devices required to measure, monitor, and record the data required by 
Attachment F of this permit. The permittee shall ensure that the devices installed and 
methods used are sufficient to represent the activity being measured, monitored, or 
recorded. Calculated flow data or periodic monitoring are not acceptable for required 
continuous monitoring except as a back-up system if the primary continuous monitoring 
devices become inoperable. The Director shall be notified of such occurrences, and 
continuous monitoring devices should be repaired or replaced as soon as practicable. If this 
period of time is extensive in the opinion of the Director, injection activities shall cease until 
such time that normal monitoring is restored. The permittee shall ensure the wells’ 
construction and near-wellhead design is appropriate for the collecting of samples and 
fulfilling of all monitoring requirements of this permit. The permittee shall ensure all gauges 
used for monitoring and testing are properly calibrated. 

6. Construction of Monitoring Well – 16 TAC §§5.203(j)(2)(D)(i), 5.203(j)(2)(D)(ii), 
5.203(j)(2)(E), and 5.203(j)(2)(G) require monitoring of the carbon dioxide plume and 
pressure front of the confining and injection zones and monitoring of USDW located above 
the injection zone. These sections are incorporated by reference into this permit. USDW, 
confining zone, and injection zone monitoring wells shall be constructed in the manner 
depicted in Attachment B of this permit using materials that are compatible with the injected 
fluids. All monitoring wells shall be constructed in a manner to provide representative 
samples that can be analyzed for the monitoring parameters required by this permit. Once 
the construction of the monitoring wells has been completed, the as-built construction 
diagrams shall be included in the Pre-injection Testing Report to be submitted to the 
Director per Section J of this permit. 

J. PRE-INJECTION TESTING 
Testing is required during the construction of the well in accordance with 16 TAC §5.203(f). 
This testing is required to verify the geology of the well site to ensure compliance with the well 
construction requirements in accordance with 16 TAC §5.203(e) and to test viability of the 
wells to meet the stipulated operational requirements. The pre-injection testing plan is 
included as Attachment D of this permit. 

1. Prior to the Director authorizing injection, the permittee shall perform all pre-injection 
logging, sampling, and testing specified at 16 TAC §5.203(f). This testing shall include: 

(a) Logs, surveys and tests to determine or verify the depth, thickness, porosity, 
permeability, lithology, and formation fluid salinity in all relevant geologic 
formations. These tests shall include: 

(i) Deviation checks that meet the requirements of 16 TAC §5.203(f)(1)(A). 

(ii) Logs and tests before and upon installation of the surface casing that meet 
the requirements of 16 TAC §5.203(f)(1)(B). 

(iii) Logs and tests before and upon installation of the long-string casing that 
meet the requirements of 16 TAC §5.203(f)(1)(D). 
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(iv) Tests to demonstrate internal and external mechanical integrity that meet 
the requirements of 16 TAC §5.203(h) and 

(v) Any alternative methods (MIT), provided that the type of test has the written 
approval of the Administrator pursuant to requirements at 16 TAC 
§5.203(h)(2)(E). 

(b) Documentation of the measured fluid temperature, pH, conductivity, reservoir 
pressure, and static fluid level of the injection zone that meet the requirements of 16 
TAC §5.203(f)(3)(A). 

(c) Whole cores or sidewall cores of the injection zone and confining system and 
formation fluid samples from the injection zone that meet the requirements of 16 
TAC §5.203(f)(3)(B). 

(d) Tests to determine well-specific data regarding the injection and confining zones. 
These tests shall determine fracture pressure and the physical and chemical 
characteristics of the injection and confining zones and the formation fluids in the 
injection zone that meet the requirements of 16 TAC §§5.203(f)(2)(C) and 
5.203(f)(3)(B). 

(e) Tests to verify hydrogeologic characteristics of the injection zone that meet the 
requirements of 16 TAC §5.203(f)(2), including: 

(i) A pressure fall-off test or 

(ii) Other test and submit to the director a written report of the results of the 
test, including details of the methods used to perform the test and to 
interpret the results, all necessary graphs, and the testing log, to verify 
permeability, injectivity, and initial pressure using water or CO2. 

2. The permittee shall submit to the Director for approval in an electronic format a schedule 
for pre-operational testing activities 30 days prior to conducting the first test and submit any 
changes to the schedule 30 days prior to the next scheduled test. The permittee shall 
provide the Director with the opportunity to witness all logging, sampling, and testing 
required under this permit and submit notice at least 48 hours in advance of any actual 
activity in accordance with 16 TAC §5.206(i). 

K. INJECTION WELL OPERATING REQUIREMENTS 

1. Outermost Casing Injection Prohibition – Injection between the outermost casing 
protecting USDWs and the well bore is prohibited. 

2. Injection Fluids/Carbon Dioxide Sources – The permittee will sequester CO2 
source(s) from multiple, nearby facilities including natural gas processing plants, direct air 
capture facilities, power plants, and/or cement plants within a radius of 50 miles of the 
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injection facility. The Permittee may propose additional sources of carbon dioxide for 
injection, subject to review and approval by the Director. 

3. Injection Pressure Limitation – Except during stimulation, the permittee shall 
ensure that injection pressure does not exceed 90 percent of the fracture pressure of the 
injection zone(s) to ensure that the injection does not initiate new fractures or propagate 
existing fractures in the injection zone(s). Under no circumstance shall injection pressure 
initiate fractures or propagate existing fractures in the confining zone or cause the 
movement of injection or formation fluids into a USDW. The maximum injection pressure 
limit is listed in Attachment E of this permit. 

4. Stimulation Program – All stimulation activities shall be approved by the Director prior 
to conducting the stimulation. The permittee shall carry out the Stimulation Program in 
accordance with Attachment C of this permit. 

5. Additional Injection Limitations – No injection fluid other than that identified on 
Page 1 of this permit may be injected except fluids used for stimulation, rework, and well 
tests as approved by the Director. Injection shall occur within the injection tubing. 

6. Annulus Fluid – The permittee shall fill the annulus between the tubing and the long 
string casing with a non-corrosive fluid approved by the Director. 

7. Annulus/Tubing Pressure Differential – Except during workovers or times of 
annulus maintenance, the permittee shall maintain pressure on the annulus that exceeds 
the operating injection pressure as specified in Attachment E of this permit, unless the 
Director determines that such requirement might harm the integrity of the well or endanger 
USDW. 

8. Automatic Alarms and Automatic Shut-off System –  

(a) The permittee shall: 

i. Install, continuously operate, and maintain an automatic alarm and automatic 
shut-off system or, at the discretion of the Director, down-hole shut-off systems, 
or other mechanical devices that provide equivalent protection; and 

ii. Successfully demonstrate the functionality of the alarm system and shut-off 
system prior to the Director authorizing injection, and at a minimum of once 
every twelfth month after the last approved demonstration. 

iii. Establish well-specific thresholds for activating the shut-off system and submit 
revised Attachments E & H. 

(b) Testing under this Section shall involve subjecting the system to simulated failure 
conditions and shall be witnessed by the Director or the Director’s representative 
unless the Director authorizes an unwitnessed test in advance. The permittee shall 
provide notice in an electronic format at least 30 days prior to running the test and 
shall provide the Director or the Director’s representative with the opportunity to 
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witness the test. The test shall be documented using either a mechanical or digital 
device which records the value of the parameter of interest, or by a service 
company job record. A final report including any additional interpretation necessary 
for evaluation of the testing shall be submitted to the Director in an electronic format 
within the time period specified in Section O(4) of this permit. 

9. Precautions to Prevent Well Blowouts – Except at specific times as approved by 
the Director, the permittee shall maintain on the well a pressure which will prevent the 
return of the injection fluid to the surface. The wellbore shall be filled with a fluid of sufficient 
specific gravity during workovers to maintain a positive (downward) pressure gradient 
and/or a plug shall be installed which can resist the pressure differential. A blowout 
preventer shall be installed and kept in proper operational condition whenever the wellhead 
is removed to work on the well. The permittee shall follow procedures such as those below 
to ensure that a backflow or blowout does not occur: 

(a) Limit the temperature and/or corrosivity of the injectate; and 

(b) Develop procedures necessary to ensure that pressure imbalances do not occur. 

10. Circumstances Under Which Injection Shall Cease – Injection shall cease 
when any of the following circumstances arises: 

(a) Failure of the well to pass a mechanical integrity test; 

(b) A loss of mechanical integrity during operation; 

(c) The automatic alarm or automatic shut-off system is triggered; 

(d) A significant unexpected change in the annulus or injection pressure; 

(e) The Director determines that the well lacks mechanical integrity; 
 
(f) Movement of injection or formation fluids outside of the current, approved injection 

interval is detected; 

(g) Conditions described in Section M(C)(3), Seismic Event Response, occur; 

(h) The Director determines the site is no longer suitable for injection based on new 
information; 

(i) The Director determines that the permittee is unable to maintain compliance with 
any condition of this permit or regulatory requirement, and the Director determines 
that injection should cease. 

11. Approaches for Ceasing Injection –  

(a) In all instances where injection ceases, the permittee shall immediately 
cease injection and shut-in the well as outlined in the Emergency and 
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Remedial Response Plan (Attachment H of this permit), and the Permittee 
must get approval from the Director to resume injection. 

(b) If an automatic shutdown (i.e., down-hole or at the surface) is triggered, the 
Permittee must immediately investigate and identify the cause of the 
shutdown as expeditiously as possible. If, upon investigation, the well 
appears to lack mechanical integrity, or if the required monitoring of data 
from continuous recording devices or automatic shutoff systems indicates 
that the well may lack mechanical integrity, the Permittee must take the 
actions listed below in Section L of this Permit. 

L. MECHANICAL INTEGRITY 
The injection wells shall maintain internal (casing, tubing and packer) and external (fluid 
movement into geologic units other than the injection zone) mechanical integrity for the 
entirety of its operational life. No significant leaks in the casing, tubing, or packer can occur 
without corrective actions. The determination of whether the injection well has mechanical 
integrity is at the discretion of the Director. Mechanical integrity is determined through testing 
and test procedures approved by the Director. Approved mechanical integrity testing 
procedures are in the Testing and Monitoring Plan in Attachment F of this permit. Other tests 
and/or procedures not listed in this plan will be considered by the Director for approval. 

1. Standards – Other than during periods of well workover (repair or maintenance) 
approved by the Director in which the sealed tubing-casing annulus is disassembled for 
maintenance or corrective procedures, the injection well shall have and maintain 
mechanical integrity consistent with 16 TAC §5.203(h). To meet these requirements, 
mechanical integrity tests/demonstrations shall be witnessed by the Director or an 
authorized representative of the Director unless prior approval has been granted by the 
Director to run an un-witnessed test. In order to conduct testing without a RRC 
representative, the following procedures shall be followed: 

(a) The permittee shall submit prior notification in an electronic format at least 30 days 
prior to testing, including the information that no RRC representative is available, 
and receive permission from the Director to proceed; 

(b) The test shall be performed in accordance with the Testing and Monitoring Plan 
(Attachment F of this permit) and documented using either a mechanical or digital 
device that records the value of the parameter of interest; and 

(c) A final report including any additional interpretation necessary for evaluation of the 
testing shall be submitted in an electronic format within the time period specified in 
Section O(4) of this permit. 

2. Mechanical Integrity Testing – The permittee shall conduct a casing inspection log 
and mechanical integrity testing (MIT) as follows: 

(a) After construction, and prior to receiving authorization to inject from the Director, the 
permittee shall demonstrate internal mechanical integrity of the well. This 
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demonstration is achieved by the performance of the following testing pursuant to 
16 TAC §5.203(h)(2): 

(i) A pressure test with liquid or gas; 

(ii) A casing inspection log; or 

(iii) An alternative approved by the Director that has been approved by the 
Administrator pursuant to requirements at 16 TAC §5.203(h)(2)(E). 

(b) Prior to receiving authorization to inject, the permittee shall perform the following 
testing to demonstrate external mechanical integrity pursuant to 16 TAC 
§5.203(h)(2): 

(i) Tracer surveys such as an oxygen activation log. 

(ii) Temperature or noise logs. 

(iii) An alternative approved by the Director that has been approved by the 
Administrator pursuant to requirements at 16 TAC §5.203(h)(2)(E). 

(c) Other than during periods of well workover (repair or maintenance) approved by the 
Director, in which the sealed tubing-casing annulus is disassembled for 
maintenance or corrective procedures, the permittee shall continuously monitor 
injection pressure, injection rate, injection mass, pressure on the annulus between 
tubing and long string casing, and annulus fluid volume as specified in 16 TAC 
§§5.203(h)(1)(C) and 5.206(e)(2). 

(d) At least once per year, the permittee shall perform the testing to demonstrate 
external mechanical integrity pursuant to 16 TAC §5.203(h)(1)(D) and as listed in 
Section L(2)(b) of this permit. All test data shall be sent to SIP@rrc.texas.gov and a 
copy to District Director. 

(e) After any well repair or workover that may compromise the internal mechanical 
integrity of the well, the internal mechanical integrity of the well shall be 
demonstrated by conducting test(s) approved by the Director. In cases where a well 
has lost mechanical integrity, written approval by the Director is required before the 
injection can resume. All test data shall be sent to SIP@rrc.texas.gov and a copy to 
District Director. 

(f) Prior to plugging the well, the permittee shall demonstrate external mechanical 
integrity as described in Attachment G and it meets the requirements of 16 TAC 
§5.203(k). Written approval by the Director is required before plugging operations 
may commence. All test data shall be sent to SIP@rrc.texas.gov and a copy to 
District Director. 

(g) The Director may require the use of other tests to demonstrate mechanical integrity 
other than those listed above, provided that the type of test has the written approval 
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of the Administrator pursuant to requirements at 16 TAC §5.203(h)(2)(E). All test 
data shall be sent to SIP@rrc.texas.gov and a copy to District Director. 

3. Prior Notice, MIT Procedures and Reporting –  

(a) The permittee shall notify the Director in an electronic format of intent to 
demonstrate mechanical integrity at least 30 days prior to such a demonstration. At 
the discretion of the Director a shorter time period may be allowed. 

(b) The mechanical integrity tests and procedures are listed in Attachments D and F. 
Use of non-approved tests and procedures may result in disqualification of the 
tests. 

(c) Reports of mechanical integrity demonstrations which include logs shall include an 
interpretation of results by a knowledgeable log analyst. The permittee shall report 
in an electronic format the results of a mechanical integrity demonstration within 30 
days of the testing. 

4. Gauge and Meter Calibration – Prior to testing, the permittee shall calibrate all 
gauges and meters used in monitoring and testing required by this permit. A copy of the 
calibration certificate shall be submitted to the Director in an electronic format with the 
report of the test per 16 TAC §5.206(e)(5)(B)(i) and the operator and the director must 
apply methods and standards generally accepted in the industry in accordance with 16 
TAC §5.207(a)(1). 

5. Loss of Mechanical Integrity –  

(a) If the permittee or the Director finds that a well fails to demonstrate mechanical 
integrity during a test, or fails to maintain mechanical integrity during operation, or 
that a loss of mechanical integrity as defined by 16 TAC §5.102(36) is suspected 
during operation (such as a significant unexpected change in the annulus or 
injection pressure), the permittee shall: 

(i) Cease injection in accordance with Section K(9), and Attachments E or H of 
this permit; 

(ii) Take all steps that are reasonably necessary to determine whether there 
may have been a release of the injected carbon dioxide stream or formation 
fluids into any unauthorized zone. If there is evidence of potential USDW 
endangerment, the Emergency and Remedial Response Plan shall be 
implemented (Attachment H of this permit); 

(iii) Follow the reporting requirements as directed in Section O of this permit; 

(iv) Restore and demonstrate mechanical integrity to the satisfaction of the 
Director and receive written approval from the Director prior to resuming 
injection; and 
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(v) Notify the Director in an electronic format when injection can be expected to 
resume. 

(b) If an automatic shutdown (i.e., downhole or at the surface) is triggered, the 
permittee shall immediately investigate and identify as expeditiously as possible the 
cause of the shutdown. If, upon investigation, the well appears to be lacking 
mechanical integrity, or if the required monitoring indicates that the well may be 
lacking mechanical integrity, the permittee shall take the actions listed above in 
Section L(5)(a)(i) through (v). 

(c) If the well loses mechanical integrity prior to the next scheduled test date, then the 
well shall either be plugged or repaired and retested within 30 days of losing 
mechanical integrity. The permittee shall not resume injection until mechanical 
integrity is demonstrated and the Director gives written approval to resume injection 
in cases where the well has lost mechanical integrity. 

6. Mechanical Integrity for Monitoring Wells – All monitoring wells shall maintain 
internal and external mechanical integrity for the entirety of their operational life. No 
significant leaks in the casing can occur and require corrective actions. The determination 
of whether the monitoring well has mechanical integrity is at the discretion of the Director. 
Mechanical integrity tests and procedure for the confining zone, injection zone and USDW 
monitoring wells are outlined in Attachment F of this permit. Testing and demonstration of 
monitoring wells shall be conducted on the same schedule as the injection well. Other tests 
and/or procedures not listed in this plan will be considered by the Director for approval. 

7. Mechanical Integrity Testing on Request from Director – The permittee shall 
demonstrate mechanical integrity at any time upon written notification from the Director. 

M. SEISMIC EVENT RESPONSE 

1. Seismic Monitoring –  

(a) Prior to commencing injection, the permittee must deploy and maintain a seismic 
monitoring system (minimum of one in-ground seismic monitoring station) meeting the 
equipment specifications to become part the state (TexNet) seismic monitoring network 
to allow long-term monitoring by TexNet seismologists, and allowing them to determine 
the presence or absence, magnitude, and hypocenter location, of any induced seismic 
activity of magnitude 1.8 M or above.. 

(b) The system should be designed with a surface monitor and/or downhole monitor(s) as 
required to meet minimum magnitude of completeness (Mc) of 1.8 M or an alternative 
site-appropriate minimum magnitude approved by the Director in consultation with the 
State Seismologist, and to appropriately calibrate event magnitudes and hypo central 
locations. The system shall be calibrated with check-shots, sonic logs, or other local 
velocity information, preferably in depth. 
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(c) The permittee shall analyze seismic and other relevant data to determine whether the 
risk of triggering an earthquake of magnitude 3.5 M or greater is significantly increased 
by injection. If, after analysis of seismic and other relevant data, the permittee 
determines that there is such an increase in risk, the permittee shall notify the Director 
immediately and submit to the Director a mitigation plan for the Director’s review within 
15 days of that determination. The permittee shall implement the plan as approved by 
the Director. The appropriate response to seismic events depends on the Magnitude (M) 
of the seismic event according to the following protocol: 

2. Seismic events not recorded or M less than 2.0 – Continue normal operations. 

3. Seismic events with M equal to or greater than 2.0 but less than 3.5 – The 
permittee shall notify the Director (District Director or Technical Permitting Director) and 
State Seismologist of any such event within 24 hours, providing information on the status of 
the injection site. If the annulus pressure of the well decreases below the set alarm, 
injection operations shall cease. In that situation, within 30 days the permittee shall 
evaluate the internal mechanical integrity of the well by performing tests in accordance with 
Section L(2)(a) of this permit. If the well fails the mechanical integrity test or the permittee 
identifies any problems with the injection system that might impact a USDW, the injection 
well shall remain shut-in and the permittee shall submit a report in electronic format as 
soon as possible but no later than five (5) days from the time the permittee becomes aware 
of the circumstances. The report shall contain a description of the circumstances and if the 
situation has not been corrected, the anticipated time it is expected to continue; and steps 
taken or planned to reduce, eliminate, and prevent recurrence of the circumstances. Upon 
completion of the steps to ensure mechanical integrity and the subsequent mechanical 
integrity demonstration, the permittee shall submit the results and any other required 
documentation to the Director in an electronic format. If after the testing the well 
demonstrates mechanical integrity and issues that might impact USDWs are not identified, 
the permittee shall provide a report of those findings to the Director for review and 
approval. Injection operations cannot resume until the Director grants approval to 
recommence injection. 

4. Seismic Events with M equal to or greater than 3.5 – For seismic events equal 
to or greater than 3.5 M, injection operations shall immediately cease. The permittee shall 
notify the Director of any such event within 24 hours, providing information on the status of 
the injection well system. If the annulus pressure decreased below the well’s set alarm 
before shutting in the well, then the permittee shall evaluate the internal mechanical 
integrity of the well by performing tests in accordance with Section L(2)(a) of this permit. 
The permittee shall also perform an evaluation of the external mechanical integrity of the 
well in accordance with Section L(2)(b) of this permit. If the well fails either the internal or 
external mechanical integrity test or the permittee identifies any problems with the system 
that might impact a USDW, the injection well shall remain shut-in and the permittee shall 
submit a report in electronic format as soon as possible but no later than 30 days from the 
time the permittee becomes aware of the circumstances. The report shall contain a 
description of the failure and if the failure has not been corrected, the anticipated time it is 
expected to continue, and steps taken or planned to reduce, eliminate, and prevent 
recurrence of the failure. Upon completion of the steps to ensure mechanical integrity and 
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the subsequent mechanical integrity demonstration, the permittee shall submit the results 
and any other required documentation to the Director. Injection operations cannot resume 
until the Director grants approval to recommence injection. 

N. TESTING AND MONITORING REQUIREMENTS 

1. Testing and Monitoring Plan – The specific measurement and reporting frequencies 
are listed in Attachment F. 

(a) The permittee shall maintain and comply with the approved Testing and Monitoring Plan 
included as Attachment F of this permit and with the requirements at 16 TAC 
§§5.206(e), and 5.206(o)(2)(I), and any modifications required by the Director after the 
effective date of this permit. The Testing and Monitoring Plan is an enforceable 
condition of this permit. Samples and measurements taken for the purpose of 
monitoring shall be representative of the monitored activity. Procedures for all testing 
and monitoring under this permit shall be submitted to the Director in an electronic 
format for approval at least 30 days prior to the test if they plan to deviate from the 
procedures outlined in Attachment F of this permit. When the test report is submitted, a 
full explanation shall be provided as to why any approved procedures were not followed. 
If the approved procedures were not followed, the Director may take appropriate action, 
including but not limited to, requiring the permittee to re-run the test. 

(b) The permittee shall update the Testing and Monitoring Plan as required by 16 TAC 
§5.207(a)(2)(D) to incorporate monitoring and operational data and in response to AoR 
reevaluations required under Section G(1) of this permit or demonstrate to the Director 
that no update is needed. The amended Testing and Monitoring Plan or demonstration 
shall be submitted to the Director in an electronic format within one year of an AoR 
reevaluation; following any significant changes to the facility such as the addition of 
monitoring wells or newly permitted injection wells within the AoR; or when required by 
the Director. 

(c) Following each update of the Testing and Monitoring Plan or a demonstration that no 
update is needed, the permittee shall submit the resultant information in an electronic 
format to the Director for review and approval of the results. Once approved by the 
Director, the revised Testing and Monitoring Plan will become an enforceable condition 
of this permit. 

2. Carbon Dioxide Stream Analysis – The permittee shall analyze the carbon dioxide 
stream prior to injection and with sufficient frequency to yield data representative of its 
chemical and physical characteristics, as described in the Testing and Monitoring Plan and 
to meet the requirements of 16 TAC §5.203(j)(2)(A). 

3. Continuous Monitoring – The permittee shall install and use continuous recording 
devices to monitor the injection pressure (at surface and at injection interval), injection flow 
rate, injection mass, pressure on the annulus between the tubing and the long string of 
casing, annulus fluid level, and temperature (at surface and at injection interval). This 
monitoring shall be performed as described in the Testing and Monitoring Plan to meet the 
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requirements of 16 TAC §5.203(j)(2). The permittee shall maintain for inspection at the 
facility an appropriately scaled, continuous record of these monitoring results as well as 
original files of any digitally recorded information pertaining to these operations. 

4. Groundwater (USDW) Monitoring Above the Confining Zone – The 
permittee shall monitor groundwater (USDW) quality and geochemical changes above the 
confining zone that may be a result of carbon dioxide movement through the confining zone 
and additional identified geologic units. All monitoring conducted shall be performed for the 
parameters identified in the approved Testing and Monitoring Plan at the locations and 
depths, and at frequencies described in the Testing and Monitoring Plan to meet the 
requirements of 16 TAC §5.203(j)(2)(D). 

5. Carbon Dioxide Plume and Pressure Front Tracking – The permittee shall 
track the extent of the carbon dioxide plume and pressure front using direct and indirect 
monitoring methods as described in the approved Testing and Monitoring Plan and in 
accordance with 16 TAC §5.203(j)(2)(E). The permittee is required to conduct this 
monitoring in order to detect and locate the carbon dioxide pressure front and the dissolved 
carbon dioxide plume and use the data to calibrate the AoR model to determine whether 
modifications to the AoR is necessary. The data collected will be used to monitor the 
location of the plume and pressure front, evaluate its movement through time, and compare 
to the plume and pressure front predictions of the AoR model. Tracking the extent of the 
CO2 plume and the position of the pressure front by using indirect, geophysical techniques, 
which may include seismic, electrical, gravity, or electromagnetic surveys and/or down-hole 
CO2 detection tools. 

6. Corrosion Monitoring – The permittee shall perform corrosion monitoring of the well 
construction materials for loss of mass, thickness, cracking, pitting, and other signs of 
corrosion on a quarterly basis using the procedures described in the Testing and 
Monitoring Plan and in accordance with 16 TAC §5.203(j)(2)(C). This ensures that the well 
components meet the minimum standards for material strength and performance set forth 
in 16 TAC §5.203(e)(1)(B). 

7. External Mechanical Integrity Testing – The permittee shall demonstrate external 
mechanical integrity annually as described in the approved Testing and Monitoring Plan 
and shall comply with Section L of this permit in order to meet the requirements of 16 TAC 
§§5.203(h)(1)(D) and 5.206(e)(1). 

8. Pressure Fall-Off Test – The permittee shall conduct a pressure fall-off test at least 
once every five (5) years unless more frequent testing is required by the Director based on 
site-specific information. The test shall be performed as described in the Testing and 
Monitoring Plan to meet the requirements of 16 TAC §5.203(j)(2)(G). 

9. Additional Monitoring – If required by the Director as provided in 16 TAC 
§5.203(j)(2)(H) the permittee shall perform any additional monitoring determined to be 
necessary to support, upgrade, and improve computational modeling of the AoR 
evaluation.). An update shall be made to the Testing and Monitoring Plan, and the 
subsequent monitoring shall be performed as described in the update. 
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O. REPORTING AND RECORDKEEPING 
The permittee shall submit reports at frequencies described in the approved Testing and 
Monitoring Plan, and as required by this permit. Reports shall contain all the data and 
information required to be monitored, gathered and reported by this permit and meet the 
requirements of 16 TAC §§5.206(c), 5.206(d), 5.206(e), and 5.207. 

1. Electronic Reporting – All reports, submittals, notifications, correspondence to the 
Director, and records made and maintained by the permittee under this permit shall be in 
an electronic format. The permittee shall electronically submit all required reports to an 
address or location as determined by the Director. 

2. Semi-Annual Reports – The permittee shall submit reports on a semi-annual basis in 
accordance with 16 TAC §5.207(a)(2)(C). The reporting period for semi-annual reports will 
be from January 1 through June 30 and from July 1 through December 31. Reports shall be 
submitted within 30 days of the end of each reporting period. Semi-annual reports shall 
include all data collected on a continuous, daily, monthly, quarterly and semi-annual basis 
as described in the approved Testing and Monitoring Plan. The second semi-annual report 
for each year shall include all data collected on an annual basis as described in the 
approved Testing and Monitoring Plan. Reports shall contain the following information and 
data, as well as all other information and data collected not listed below, but as described in 
the approved Testing and Monitoring Plan: 

(a) Any changes to the physical, chemical, and other relevant characteristics of the 
carbon dioxide stream from the proposed operating data. 

(b) Monthly average, maximum, and minimum values for injection pressure, flow rate 
and daily volume, temperature, and annular pressure. 

(c) A description of any event that exceeds operating parameters for annulus pressure 
or injection pressure specified in this permit. 

(d) A description of any event which triggers the shut-off systems required in Section 
(K)(6) of this permit pursuant to 16 TAC §5.206(d)(2)(F) and the response taken. 

(e) The monthly volume and mass of the carbon dioxide stream injected over the 
reporting period and the volume and mass injected cumulatively as of the end of the 
reporting period. 

(f) Monthly annulus fluid volume added or removed; and 

(g) Results of the continuous monitoring required in Section N(3) including: 

(i) A tabulation of: (1) daily maximum injection pressure, (2) daily minimum 
annulus pressure, (3) daily minimum value of the difference between 
simultaneous measurements of annulus and injection pressure, (4) daily 
volume and mass, (5) daily maximum flow rate, and (6) average annulus tank 
fluid level; and 
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(ii) Graph(s) of the continuous monitoring as required in Section N(3) of this 
permit, or of daily average values of these parameters. The injection 
pressure, injection volume and mass and flow rate, annulus fluid level, 
annulus pressure, and temperature shall be submitted on one or more 
graphs, using contrasting symbols or colors, or in another manner approved 
by the Director. 

(h) Results of any additional monitoring identified in the Testing and Monitoring Plan 
and described in Section N of this permit. 

3. 24-Hour Reporting –  

(a) The permittee shall report to the Director any permit noncompliance which may 
endanger human health or the environment and any events that require 
implementation of actions in the Emergency and Remedial Response Plan 
(Attachment H of this permit). Any information shall be provided orally within 24 
hours from the time the permittee becomes aware of the circumstances. Such oral 
reports should include, but need not be limited to the following information: 

(i) Any evidence that the injected carbon dioxide stream or associated pressure 
front may cause endangerment to a USDW, or any monitoring or other 
information which indicates that any contaminant may cause endangerment 
to a USDW; 

(ii) Any noncompliance with a permit condition, or malfunction of the injection 
system, which may cause fluid migration into or between USDWs; 

(iii) Any triggering of the shut-off system required in Section (K)(7) of this permit 
(i.e., downhole or at the surface); 

(iv) Any failure to maintain mechanical integrity; 

(v) Pursuant to compliance with the requirement for surface air/soil gas 
monitoring or other monitoring technologies, if required by the Director in 
accordance with 16 TAC §5.203(j)(2)(H) due to any release of carbon 
dioxide to the atmosphere or biosphere; and 

(vi) Actions taken to implement appropriate protocols outlined in the Emergency 
and Remedial Response Plan (Attachment H of this permit). 

(b) A written submission shall be provided to the Director in an electronic format within 
five (5) days of the time the permittee becomes aware of the circumstances described 
in Section O(3)(a) of this permit. The submission shall contain a description of the 
noncompliance or emergency, or remedial response and its cause; the period of 
noncompliance, emergency, or remedial response, including exact dates and times, 
and, if the noncompliance has not been corrected, the anticipated time it is expected 
to continue as well as actions taken to implement appropriate protocols outlined in the 
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Emergency and Remedial Response Plan (Attachment H of this permit); and steps 
taken or planned to reduce, eliminate and prevent recurrence of the noncompliance or 
emergency or condition requiring remedial response. 

4. Reports on Well Tests and Workovers – Report within 30 days, the results of: 

(a) Periodic tests of mechanical integrity; 

(b) Any well workover, including stimulation; 

(c) Any other test of the injection well conducted by the permittee if required by the 
Director; and 

(d) Any test of any monitoring well required by this permit 

5. Advance Notice Reporting –  

(a) Well Tests – The permittee shall give at least 30 days advance written notice to the 
Director in an electronic format of any planned workover, stimulation, or other well 
test and submit notice at least 48 hours in advance of any actual activity. 

(b) Planned Changes – The permittee shall give written notice to the Director in an 
electronic format, as soon as possible, of any planned physical alterations or 
additions to the permitted facility. An analysis of any new injection fluid shall be 
submitted to the Director for review and written approval at least 30 days prior to 
injection; this approval may result in a permit modification. 

(c) Anticipated Noncompliance – The permittee shall give at least 14 days advance 
written notice to the Director in an electronic format of any planned changes in the 
permitted facility or activity which may result in noncompliance with permit 
requirements. 

6. Additional Reports –  

(a) 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 an electronic format by the permittee no 
later than 45 days following each schedule date. 

(b) Transfer of Permits – This permit is not transferable to any person except after 
notice is sent to the Director in an electronic format at least 45 days prior to transfer 
and the requirements of 16 TAC §5.202(c) have been met. Pursuant to 
requirements at 16 TAC §5.202(d)(2)(A)(v)(VIII), the Director will require 
modification or revocation and reissuance of the permit to change the name of the 
permittee and incorporate such other requirements as may be necessary under the 
SDWA. All financial responsibility cost estimates, documentation, and instruments as 
required by 16 TAC §5.203(n) and by Section H of this permit shall be updated and 
provided to the Director by any new owner or operator of the well. 
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(c) Other Noncompliance – The permittee shall report in an electronic format all other 
instances of noncompliance not otherwise reported with the next monitoring report. 
The reports shall contain the information listed in Section O(3)(a) of this permit. 

(d) 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 report to the Director, the permittee shall submit such 
facts or corrected information in an electronic format within 10 days of discovery in 
accordance with 16 TAC §5.203(p). 

7. Records and Record Retention –  

(a) The permittee shall retain records and all monitoring information, including all 
calibration and maintenance records and all original chart recordings for continuous 
monitoring instrumentation and copies of all reports required by this permit 
(including records from pre-injection, active injection, and post-injection phases) for 
a period of at least 10 years from collection. 

(b) The permittee shall maintain records of all data required to complete the permit 
application form for this permit and any supplemental information (e.g., modeling 
inputs for AoR delineations and reevaluations, plan modifications) submitted under 
16 TAC §§5.206(l), 5.206(m), and 5.207(e) until at least 10 years after site closure. 

(c) The permittee shall retain records concerning the nature and composition of all 
injected fluids until at least 10 years after site closure. 

(d) The retention periods specified in Section O(7)(a) through (c) of this permit may be 
extended by the Director at any time. The permittee shall continue to retain records 
after the retention period specified in Section O(7)(a) through (c) of this permit or 
any extension thereof expires unless the permittee delivers the records to the 
Director or obtains written approval from the Director to discard the records. 

(e) Records of monitoring information shall include: 

(i) The date, exact place, and time of sampling or measurements. 

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

(iii) A precise description of both sampling methodology and the handling of 
samples. 

(iv) The date(s) analyses were performed. 

(v) The name(s) of the individual(s) who performed the analyses. 

(vi) The analytical techniques or methods used and 

(vii) The results of such analyses. 
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P. WELL PLUGGING, POST-INJECTION SITE CARE, AND SITE 
CLOSURE 
The permittee shall maintain and comply with the approved Well Plugging Plan (Attachment 
G) and the approved Post Injection Site Care and Site Closure Plan (Attachment I) and shall 
comply with the requirements of 16 TAC §§3.14, 5.203(k), 5.205(b), 5.205(c), 5.205(d), and 
5.206(k)(6)(A). The Well Plugging Plan and the Post-Injection Site Care and Site Closure 
Plan are enforceable conditions of this permit. 

1. Well Plugging Plan Revisions – If data indicates and the permittee deems it 
necessary, or if the Director requires the approved plans in Attachments G and I of this 
permit to be modified, revised plan(s) shall be submitted in an electronic format to the 
Director for review and written approval. Any amendments to the Well Plugging Plan and/or 
the Post-Injection Site Care and Site Closure plan shall be approved by the Director and 
shall be incorporated into the permit and are subject to the permit modification 
requirements at 16 TAC §5.203(k)(3)(A). 

2. Required Activities Prior to Plugging – The permittee shall flush the wells with an 
inert buffer fluid, determine the post-injection bottomhole pressure, and perform final 
internal and external mechanical integrity tests prior to injection well plugging. The internal 
and external mechanical integrity tests shall be performed as required by Section L of this 
permit. 

3. Notice of Plugging and Abandonment – The permittee shall notify the Director in 
writing in an electronic format pursuant to 16 TAC §5.206(k)(6)(A) least 60 days before 
plugging, conversion or abandonment of the well. A shorter notice period may be allowed at 
the discretion of the Director. 

4. Plugging and Abandonment Approval and Report –  

(a) The permittee shall receive written approval from the Director before plugging the 
well and shall plug and abandon the well as required by 16 TAC §§3.14 and 
5.203(k), as described in the approved Well Plugging Plan (Attachment G of this 
permit). 

(b) Within 30 days after plugging, the permittee shall submit in an electronic format a 
plugging report to the Director. The report shall be signed and certified by the 
permittee in accordance with 16 TAC §5.203(k)(4), and by the person who 
performed the plugging operation (if other than the permittee.) The permittee shall 
retain the well plugging report in an electronic format for ten (10) years following 
site closure. The report shall include: 

(i) A statement that the well was plugged in accordance with the approved Well 
Plugging Plan (Attachment G of this permit); or 

(ii) If the actual plugging differed from the approved plan, a statement describing 
the actual plugging and an updated plan specifying the differences from the 
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plan previously submitted and explaining why the Director should approve 
such deviation. If the Director determines that a deviation from the plan 
incorporated in this permit may endanger USDWs, the permittee shall replug 
the well as required by the Director. 

5. Temporary Abandonment – If the permittee ceases injection for more than 24 
consecutive months, the well is considered to be in a temporarily abandoned status, and 
the permittee shall plug and abandon the well in accordance with the approved Well 
Plugging Plan, 16 TAC §5.203(k), or make a demonstration of non-endangerment of this 
well that is satisfactory to the Director while it is in temporary abandonment status. During 
any periods of temporary abandonment or disuse, the well shall be tested to ensure that it 
maintains mechanical integrity, in compliance with the requirements and frequency 
specified in Section L(2) of this permit. The permittee shall continue to comply with the 
conditions of this permit, including all monitoring and reporting requirements in compliance 
with all requirements of this permit and all applicable regulations. 

6. Post-Injection Site Care and Site Closure Plan – The permittee shall maintain 
and comply with the Post-Injection Site Care and Site Closure Plan in Attachment I of this 
permit and comply with the requirements of 16 TAC §§5.203(m), and 5.206(k). The Post-
Injection Site Care period is the length of time anticipated to demonstrate that the carbon 
dioxide injection poses no threat to USDWs and is an enforceable condition of this permit. 

(a) Upon cessation of injection, the permittee shall either submit in electronic format for 
the Director’s approval an amended Post-Injection Site Care and Site Closure Plan 
or demonstrate through monitoring data and modeling results that no amendment to 
the plan is needed. 

(b) At any time during the life of the project, the permittee may modify and resubmit in 
an electronic format the Post-Injection Site Care and Site Closure Plan for the 
Director’s approval in accordance with 16 TAC §5.206(k)(1)(B). The permittee may, 
as part of such modifications to the Plan, request a modification to the post-injection 
site care timeframe that includes documentation of the information at 16 TAC 
§5.203(m)(7). 

(c) The monitoring as outlined in the approved Post-Injection Site Care and Site 
Closure Plan shall define the position of the carbon dioxide plume and pressure 
front, provide a comparison of data collected to the predictions made by the AoR 
model, and demonstrate that USDWs are not being endangered in accordance with 
16 TAC §§5.206(e)(3) and 5.206(k)(3)(A). 

(d) Prior to authorization for site closure, the permittee shall submit to the Director for 
review and approval, in an electronic format, a demonstration, based on information 
collected pursuant to Section P(6)(b) of this permit, that the carbon dioxide plume 
and the associated pressure front do not pose an endangerment to USDWs and 
that no additional monitoring is needed to ensure that the project does not pose an 
endangerment to USDWs, as required in 16 TAC §5.206(k)(3). The Director 
reserves the right to amend the post-injection site monitoring requirements 



 

Class VI SIP Permit No. 57099 
Page 33 of 36 

(including an extension of the monitoring period) if there is a concern that USDWs 
are at risk of endangerment. 

(e) The permittee shall notify the Director in an electronic format at least 120 days 
before site closure. At this time, if any changes to the approved Post-Injection Site 
Care and Site Closure Plan in Attachment I of this permit are proposed, the 
permittee shall submit a revised plan. 

(f) After the Director has authorized site closure, the permittee shall plug all monitoring 
wells as specified in Attachments G and I of this permit in a manner which will not 
allow movement of injection or formation fluids that endangers a USDW. The 
permittee shall also restore the surface site to its pre-injection condition. 

(g) The permittee shall submit a site closure report in an electronic format to the 
Director within 90 days of site closure. The report shall include the information 
specified at 16 TAC §5.206(k)(6). 

(h) The permittee shall record a notation on the deed to the facility property or any 
other document that is normally examined during a title search that will in perpetuity 
provide any potential purchaser of the property the information listed at 16 TAC 
§5.206(l). 

(i) The permittee shall retain for 10 years following site closure an electronic copy of 
the site closure report, records collected during the post-injection site care period, 
and any other records required under 16 TAC §§5.203(k), 5.206(j) and 5.206(k)(6). 
The permittee shall deliver the records in an electronic format to the Director at the 
conclusion of the retention period. 

Q. EMERGENCY AND REMEDIAL RESPONSE 
The Emergency and Remedial Response Plan describes actions the permittee shall take to 
address movement of the injection or formation fluids that may cause endangerment to a 
USDW during construction, operation, and post-injection site care periods. The permittee shall 
maintain and comply with the approved Emergency and Remedial Response Plan 
(Attachment H of this permit), which is an enforceable condition of this permit, and comply 
with the requirements of 16 TAC §5.203(l). 

1. If the data collected indicates evidence that the carbon dioxide plume and or pressure front 
may cause endangerment to a USDW, the permittee shall: 

(a) Cease injection in accordance with Sections K(9) and Attachments E or H of this 
permit; 

(b) Take all reasonable steps necessary to identify and characterize any release from 
the underground injection system; 

(c) Notify the Director within 24 hours. 
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2. Annual update is required in accordance with 16 TAC §5.207(a)(2)(E). 

(i) Operators must submit an annual statement, signed by an appropriate company official, 
confirming that the operator has: 

(ii) reviewed the monitoring and operational data that are relevant to a decision on whether 
to reevaluate the AOR and the monitoring and operational data that are relevant to a 
decision on whether to update an approved plan required by §5.203 or §5.206 of this title; 

(iii) determined whether any updates were warranted by material change in the monitoring 
and operational data or in the evaluation of the monitoring and operational data by the 
operator; and 

(iv) Operators must submit either the updated plan or a summary of the modifications for 
each plan for which an update the operator determined to be warranted pursuant to 
subclause (I) of this clause. The director may require submission of copies of any updated 
plans and/or additional information regarding whether or not updates of any particular plans 
are warranted. 

At least every five years, or more frequently if the monitoring and operational data warrant, 
the permittee shall review and update the Emergency and Remedial Response Plan or 
demonstrate to the Director that no update is needed. The permittee shall also incorporate 
monitoring and operational data and in response to AoR reevaluations required under 
Section G(4) of this permit or demonstrate to the Director that no update is needed. The 
amended Emergency and Remedial Response Plan or demonstration shall be submitted to 
the Director in an electronic format within thirty (30) days of an AoR reevaluation in 
accordance with 16 TAC §5.207(a)(3), following any significant changes to the facility such 
as the addition of injection wells, or when required by the Director. If the amendments to 
the Emergency and Remedial Response Plan cause the cost estimates to change, then a 
new Financial Responsibility Demonstration shall be submitted for review and approval by 
the Director in accordance with Section H of this permit. 

3. Following each update of the Emergency and Remedial Response Plan or a demonstration 
that no update is needed, the permittee shall submit the resultant information in an 
electronic format to the Director for review and confirmation of the results. Once approved 
by the Director, the revised Emergency and Remedial Response Plan will become an 
enforceable condition of this permit. 

R. COMMENCING INJECTION 

The permittee may not commence injection until: 

1. Results of the formation testing and logging program as specified in Section J of this permit 
and in 16 TAC §5.203(f) are submitted to the Director in an electronic format and 
subsequently reviewed and approved by the Director; 
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2. Mechanical integrity of the wells has been demonstrated in accordance with 16 TAC 
§§5.102(36), 5.203(h)(1)(B) and 5.203(h)(1)(D), and in accordance with Section L(1) 
through (3) of this permit; 

3. The completion of corrective action required by the Area of Review and Corrective Action 
Plan found in Attachment A of this permit in accordance with 16 TAC §5.203(d)(1)(C); 

4. All requirements at 16 TAC §5.203 have been met, including but not limited to reviewing 
and updating of the Area of Review and Corrective Action, Testing and Monitoring, Well 
Plugging, Post-Injection Site Care and Site Closure, and Emergency and Remedial 
Response plans to incorporate final site characterization information, final delineation of the 
AoR, and the results of pre-injection testing, and information has been submitted in an 
electronic format, reviewed and approved by the Director; 

5. Construction is complete and the permittee has submitted to the Director in an electronic 
format a notice that completed construction is in compliance with 16 TAC §5.203(e)(1) and 
Section I of this permit; 

6. The Director has inspected or otherwise reviewed the injection well and all submitted 
information and finds it is in compliance with the conditions of the permit; 

7. The Director has approved demonstration of the alarm system and shut-off system under 
Section K(7) of this permit; and 

8. The Director has given written authorization to commence injection. 

S. PAYMENT OF FEES TO THE STATE OF TEXAS 
In accordance with 16 TAC §5.205, the permittee shall pay the following fees: 

1. Application Fee for Amendment – The applicant must pay to the Commission an 
application fee of $25,000 for each application to amend a permit for a geologic storage 
facility in accordance with 16 TAC §5.205(a)(1)(B). 

2. Injection Fee – The operator must pay to the Commission an annual fee of $0.025 per 
metric ton of CO2 injected into the geologic storage facility in accordance with 16 TAC 
§5.205(a)(2). 

3. Post-Injection Care Fee – The operator must pay to the Commission an annual fee of 
$50,000 each year the operator does not inject into the geologic storage facility until the 
director has authorized storage facility closure in accordance with 16 TAC §5.205(a)(3). 
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ATTACHMENTS 

These attachments include, but are not limited to, permit conditions and plans concerning operating 
procedures, monitoring and reporting, as required by 16 TAC §§5.203, 5.205, 5.206, and 5.207. The 
permittee shall comply with these conditions and adhere to these plans as they are approved by the 
Director by their incorporation into this permit. 

A. AREA OF REVIEW AND CORRECTIVE ACTION PLAN 

B. WELL CONSTRUCTION PLAN 

C. STIMULATION PLAN 

D. PRE-INJECTION/PRE-OPERATIONAL TESTING PLAN 

E. INJECTION WELL OPERATING CONDITIONS 

F. TESTING AND MONITORING PLAN 

G. WELL(S) PLUGGING PLAN 

H. EMERGENCY AND REMEDIAL RESPONSE PLAN 

I. POST-INJECTION SITE CARE AND SITE CLOSURE PLAN 

J. FINANCIAL ASSURANCE DEMONSTRATION 
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2.0 AREA OF REVIEW (AoR) AND CORRECTIVE ACTION (CA) PLANS 
[146.82(a)(13), 146.84 (b) (1)] 

2.1 AoR Plume Modeling and Delineation Introduction 
The Area of Review (AoR) for the proposed Midland CCS #2 project was delineated using a geologic 
model developed by Milestone based on publicly available data and proprietary 2D seismic. The model 
predicts CO₂ plume and pressure migration and supports compliance with Class VI regulatory 
requirements by demonstrating the presence of a suitable injection interval and confining system. 
While the model will be refined with future data from a planned stratigraphic test well and 3D seismic, 
current analysis indicates no wells within the AoR penetrate the confining layer or injection interval, 
and no corrective action is required 

2.2 Computational Modeling Approach 
Static geologic modeling and dynamic reservoir simulation were used to estimate key subsurface 
parameters associated with the injection of supercritical CO₂ into the undifferentiated Devonian 
Formation, through the base of the Silurian-aged Montoya Group and the Ordovician-aged 
Ellenburger Group—collectively referred to as the “injection units” (see Section 1.5 for additional 
stratigraphic details). Together, these units comprise the “Injection Interval.” The primary confining 
unit, the Woodford Shale, and a secondary seal, the Barnett Shale, were also incorporated into the 
model. 

Model outputs provide critical insights into the spatial extent of the injection plume, pressure 
propagation, and operational conditions. These outputs form the basis for delineating the Project’s 
Area of Review (AoR). 

To ensure modeling accuracy and computational efficiency, Milestone used industry-standard 
software, including SLB’s Petrel™ for 3D geologic modeling and Rock Flow Dynamics’ tNavigator® 
for reservoir simulation. 

SLB’s Petrel™ software is a leading platform for subsurface modeling and reservoir characterization 
in the oil and gas industry. It offers a unified environment where geoscientists and engineers can 
collaboratively build, visualize, and interpret geological and geophysical models. Petrel™ integrates 
workflows across various disciplines, such as seismic interpretation, petrophysics, and reservoir 
engineering, enabling a seamless approach to interpretation, reservoir characterization, and structural 
and petrophysical static model development. With advanced features like 3D visualization and 
automated fault modeling, Petrel provides users with powerful tools to analyze data, assess risks, and 
optimize reservoir performance. The platform’s versatility and robust data integration capabilities 
make it a valuable tool for visualizing complex reservoirs and subsurface geometries. 

Rock Flow Dynamics (RFD) developed tNavigator software, a comprehensive reservoir simulation 
platform used in the oil and gas industry. tNavigator® integrates geological modeling, reservoir 
simulation, and production optimization into a single, user-friendly platform. It allows users to build 
detailed geological models, run simulations, and predict reservoir behavior under various scenarios. 
Known for its high-performance parallel computing capabilities, tNavigator® efficiently handles 
complex models, even for large-scale reservoirs, making it a popular choice for companies that require 
accurate, fast, and reliable simulations. It supports various types of simulations, such as black oil, 
compositional, thermal, and fractured reservoirs. The platform's flexibility also extends to well 
management, surface network modeling, and production forecasting, providing a robust suite of tools 
for optimizing field development strategies. 
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2.3 Model Background 
A representation of the storage reservoir was constructed using 2D seismic interpretation, available 
well logs, and interpreted formation tops (see Section 13 – Appendix D). SLB’s Petrel™ software was 
used to build a faulted static geocellular model composed of discrete layers, extending from the top 
of the Mississippian-aged Barnett Formation and underlying Woodford Shale (upper confining interval) 
to the Precambrian basement below the Ordovician-aged Ellenburger Group (base injection unit). The 
model includes the following zones: Barnett, Woodford, Devonian, Silurian, Fusselman, Simpson, and 
Ellenburger. The model’s base is the base of the Ellenburger/top of the basement rock. The Cambrian-
aged Bliss Formation is not included in the model, as wellbore and seismic data do not confirm 
whether it is regionally present or occurs only as isolated sands.  

The regional geocellular model (“regional grid”) spans 874 square miles (approximately 28 miles [X] 
by 31 miles [Y]) across northern Upton County and southern Midland County. It consists of 
approximately 22 million hexahedral grid cells, each 500 by 500 ft in the XY direction (nI = 299, nJ = 
326). The model includes 226 layers (K), with layer thickness varying by zone and averaging 10 ft. 

A subset of this regional grid was used as input to tNavigator® (the “dynamic grid”), a compositional 
finite-difference reservoir simulator developed by Rock Flow Dynamics. tNavigator® is well-suited for 
modeling CO₂ behavior due to its equation-of-state (EOS) algorithms and high-performance 
computing capabilities. It was used to simulate subsurface behavior of supercritical CO₂, forecast 
pressure buildup, and generate outputs for evaluating the AoR boundary. 

To date, Milestone has not drilled a stratigraphic test well or conducted laboratory testing on core 
samples to directly measure relative permeability, porosity, capillary pressure, or geomechanical 
properties of the injection and confining units. Additionally, 3D seismic data have not yet been acquired 
for the Area of Review (AoR). However, both 3D seismic acquisition and stratigraphic drilling are 
planned upon reaching key commercial milestones. The current model relies on 2D seismic, existing 
well logs, and publicly available data and research related to the injection and confining zones. Two 
2D seismic lines near the AoR were interpreted to identify faults and refine the structural framework. 

Petrophysical log analysis and offset water samples were used to determine formation depth and 
salinity for key Mississippian through Ordovician units. These logs also informed evaluations of 
porosity, permeability (see Table 2-1), lithology/facies, reservoir quality, and estimated 
geomechanical properties. Wells with appropriate data were used as control points in the model to 
distribute these key parameters. The distribution of rock and petrophysical properties (e.g., facies, 
porosity, and permeability) was modeled using geostatistical estimation from upscaled logs, guided 
by variograms for each modeled zone.  
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Figure 2-1: Static and Dynamic Model Basemap 
Basemap of the regional static model (the regional grid) and the sector used for dynamic simulation (the dynamic grid). The AoR, the planned Midland CCS #2 Well, and wells and 2D seismic lines used to construct the static model are shown. All 
wells shown have well tops used to construct the structural framework model. Wells at red squares have petrophysical data (porosity and permeability) within the Injection Intervals and were used in distributing these properties. The solid red line 
indicates the AoR; the solid orange line indicates the regional grid boundary; the dashed red line indicates the dynamic grid boundary. Saltwater disposal wells used for history matching (dark blue) and/or with future injection volumes into the Injection 
Intervals (light blue) included in the dynamic model are also shown.
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Figure 2-2: Top of Devonian Structure Map 
Structure map from the static model on the top of the Devonian Formation (top storage zone). Well symbols are 
shown with subsea depths indicating control points used to generate the horizon. 
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As significantly more well penetrations exist in the Model area for the shallower horizons, the top of 
the Woodford, Devonian, and Fusselman formations were used as reference horizons. All other 
horizons were generated using conformal gridding and isochore maps (Figure 2-3).  

The static model includes eight (8) structural horizons and seven (7) units (Figure 2-3): 

1. Barnett 
2. Woodford 
3. Devonian 
4. Silurian (Wristen Group) 
5. Fusselman 
6. Simpson 
7. Ellenburger 

 

 
Figure 2-3: West-to-East Cross Section Through the Static Model 
West-to-east cross section at the location of the Midland CCS #2 Well through the structural framework mode 
showing the seven units (zones) included.  
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Figure 2-4: Type Well Log Model Area 
Composite type well log for the Model area using wells Rosenbaum 1 (42-461-32329) and Davidson Unit 1 0106BH (42-461-40567). Key 
stratigraphic markers and units from above the upper confining zone to the base of the Injection Interval are shown. Track 1, on the far left, 
shows the stratigraphic zones. Track 2 contains the SP (Spontaneous Potential) and GR (Gamma Ray) curves. Track 3 shows the RESS 
(Shallow Resistivity) and RESD (Deep Resistivity) curves. Track 4 displays the NPHI (Neutron Porosity) and RHOB (Bulk Density) logs. 
Track 5 presents the PEF (Photoelectric Factor) curve. Track 6 shows the facies log (LS = Limestone, DS = Dolostone). Track 7 contains 
the XPHIT (Total Porosity) log, which was used to distribute porosity in the static model, and Track 8 shows XKA (Permeability).  
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Facies modeling was conducted using the following methodology based on the facies logs: 

1. Well logs were upscaled into the Model by randomly selecting facies log values within each 
cell intersected by wells containing a facies log. 

2. A vertical proportion curve (VPC) was estimated to represent the vertical distribution of the 
four facies within each model layer. 

3. Facies were distributed throughout each Model zone using the Sequential Indicator Simulation 
(SIS) algorithm3, with identical isotropic spherical variograms applied (55,000 ft horizontal and 
20 ft vertical) for each facies and zone. 

The resulting facies distribution for each zone within the AoR is shown in Figure 2-5, with east-west 
and north-south cross sections through the Model at the proposed Midland CCS #2 Well location 
provided in Figure 2-6. It is anticipated that once core data is acquired, relationships between facies 
and other properties, such as fracturing, may be identified. Therefore, Milestone incorporated facies 
into the Model in advance, expecting to refine its use in future updates. 

 

 
Figure 2-5: Zone Facies in AoR 
Histograms show the relative proportion of each facies in each zone within the AoR. The bottom right histogram 
shows the relative proportion of each facies within the entire injection interval. 

 
3 Sequential Indicator Simulation is a variogram-based geostatistical technique developed by Alabert (1987) that 
stochastically populates each zone based on the input data distribution while also honoring the well data with 
the degree of continuity away from data controlled by the variogram via simple kriging. 



 
 

UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC 

South Midland Facility | Upton County, Texas 
 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

Section 2: Area of Review (AoR) and Corrective Action (CA) Plans | page 16 of  85 

 
Figure 2-6: Facies Cross Sections A-A' and B-B' 
South-to-north (A-A’) and west-to-east (B-B’) cross sections through the static geologic model showing the 
distribution of facies within the upper confining and injection units (12x vertical exaggeration). 
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Figure 2-7 provides a histogram of the input well log data, upscaled cells, and the property model for 
the injection unit formations. Figure 2-8 shows the distributions by zone. Figure 2-9 illustrates average 
porosity maps by zone, and  Figure 2-10 .presents two cross sections through the injection AoR 
displaying the porosity model.  

 

 
Figure 2-7: Histogram showing PHIT distribution from log data, upscaled cells, and the property model. 
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Figure 2-8: Porosity Histograms by Zone 
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Figure 2-9: Static Model Average Total Porosity by Zone Maps 
Average total porosity maps for the static model for the primary injection formations (Devonian, Fusselman, and Ellenburger). 
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Figure 2-10: Dynamic Model Total Porosity Cross-Section Through AoR 
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Figure 2-11: Histogram of Permeability Comparing Well Logs, Upscaled and Dynamic Model Data 
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Figure 2-12: Modeled Porosity and Permeability Values at the Midland CCS #2 Well 
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2.4.5.3 Intrinsic and Effective Permeability 

The representative ranges of values for matrix permeability and fracture permeability were sourced 
from the available literature (see Section 1.9.3). Matrix permeability quantifies fluid flow through the 
rock’s pore spaces in response to pressure changes, while fracture permeability refers to flow through 
open fractures. In the static model, these two components were combined into a single property 
representing total intrinsic permeability. 

Intrinsic permeability is a fundamental rock property that reflects its ability to transmit fluids through 
its pore network and fractures. It depends on pore size, pore structure, and the presence of fractures 
but is independent of the type of fluid flowing through the rock. In this model, intrinsic permeability 
captures the combined flow capacity of both matrix and fractures, without distinguishing their individual 
contributions. 

Effective permeability, by contrast, is relevant within the dynamic model and represents the rock’s 
ability to transmit a specific fluid in the presence of others—accounting for multi-phase flow conditions 
(e.g., oil, water, CO₂). During dynamic model calibration (history matching), effective permeability is 
adjusted based on observed rates and pressures. This approach enables a dual-porosity, dual-
permeability system to be represented by a single permeability and porosity model. Calibration bounds 
effective permeability within a range of measured values, improving the accuracy of fluid flow 
simulation within the reservoir. 

To account for vertical heterogeneity in the Model, a kv/kh ratio of 0.2 was applied to properly scale 
vertical permeability relative to horizontal permeability. 

Average permeability maps for the Devonian, Ellenburger, and Fusselman formations are shown inn 
Figure 2-14. The Ellenburger exhibits higher intrinsic permeability compared to the overlying 
Devonian and Fusselman formations. No abrupt permeability changes are observed within the 
dynamic model or AoR. 

Figure 2-15 shows north–south and east–west cross sections of intrinsic permeability through the 
static model (dynamic grid). Most of the higher permeability is concentrated within the lower Devonian 
and upper Ellenburger formations.. 

 
Figure 2-13: Intrinsic Permeability Histograms (IJ direction) for Each Injection and Confining Unit 
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Figure 2-14: Average Intrinsic Permeability Maps for the Devonian, Fusselman, and Ellenburger Zones 
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Figure 2-15: Cross Sections of Intrinsic Permeability Property (PERMX) in Static Model Across the 
Dynamic Grid 
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2.4.9.2 Brine Properties 

The salinity of brine is 152,704 mg/L, based on extensive offset water samples (Figure 2-18). This 
corresponds to a measured brine density of 65.69 lb/ft³ at the conditions of temperatures and 
pressures at the top of the reservoir at the injection well. Average values throughout the reservoir 
have a slightly higher value of 67.4 lb/ft3 in the Model domain. The density of the aqueous phase in 
the model was calculated as a function of composition using the Rowe–Chou method (Rowe and 
Chou, 1970). See Section 1.9.4 for additional details on water salinity. Preliminary values used in this 
application will be updated as future laboratory measurements become available. 

 

 
Figure 2-18: Offset Well Penetrations TDS Data 

2.4.10 Injection Rate 

The CO₂ injection rate was incorporated into the dynamic model as a fixed value constrained by the 
maximum injection pressure. The rate was programmed to decrease if pressure approached 90% of 
the minimum horizontal stress (SHmin). 

In addition to this pressure constraint, the injection rate was modeled in two phases: a commissioning 
period and a full injection period. The commissioning period lasted 56 days, beginning with an initial 
rate of 17,530,651.46 scf/day. The rate was increased to 45,579,693.79 scf/day on Day 28 (model 
time: 1/29/2026) and again to the full injection rate of 54,516,444.93 scf/day on Day 56 (model time: 
2/26/2026). This full rate was sustained for the remaining 11 years and 309 days of injection well 
operation. 

2.4.11 Injection Period 

The injection period is 12 years from the commencement of injection. There is a 56-day commissioning 
period and an 11-year, 309-day full injection period. 

2.4.12 Rock Compressibility 

Rock grains in the reservoir are subject to external stress from overburden accumulation and internal 
pressure from fluids stored in the pore space. Rock compressibility quantifies the change in rock 
volume in response to these forces. A value of 3.33E-06 1/psi was used for the isothermal rock 
compressibility of generic dolomite throughout the Model domain. This value was estimated from Xu 
et al. (2020) and will be confirmed through laboratory measurements obtained from the planned 
stratigraphic test well. 
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2.4.13 Boundary Conditions 

The initial conditions for the dynamic model assumed a pseudo-infinite acting reservoir fully saturated 
with brine. To simulate this boundary condition, the grid blocks at the edge of the Model were assigned 
a volume multiplier of 1,000, making them 1,000 times larger than the interior grid blocks (Figure 2-
19). 

 
Figure 2-19: Pore Volume Modifier 
Red cells represent cells with a volume multiplier of 1,000 times the volume of the grid block in the interior of 
the Model represented in blue. 
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Figure 2-20: Midland CCS #2 Well 3D Dynamic Model Grid 
3D view of dynamic model grid and placement of the Midland CCS #2 Well. The Midland CCS #2 Well is 
positioned at the center of the cutaway. Color fill is the porosity of the reservoir. 

2.6 Computational Modeling Results 

2.6.1 Predictions of System Behavior 

Milestone generated a dynamic reservoir model to delineate the CO₂ plume and characterize the 
extent and geometry of the Area of Review (AoR). The model also identified the extent of the pressure 
disturbance and the point at which pressure changes and diffusion become negligible. In addition to 
calculating the plume extent and AoR (Table 2-14), the simulation demonstrates the optimized storage 
capacity of the reservoir. The cumulative volume of CO₂ injected during the simulation was 223.1 Bcf, 
or 11.8 million tonnes, at standard conditions (60°F and 1 atm).  

The extent of the plume at the end of the injection period (modeled year 2039, after 12 years of 
injection) is shown in Figure 2-21. After injection ceases, the plume continues to expand gradually in 
all directions, though post-injection growth is limited (Table 2-14). A drop in bottomhole pressure is 
observed at the end of injection, as CO₂ begins to diffuse into the surrounding pore space. 

The temporal progression of the CO₂ plume is shown in map view in Figure 2-21. By model year 2089 
(50 years post-injection), the plume reaches a horizontal radius of approximately 11,823 ft. At this 
time, the gas saturation at the outer edge of the plume is approximately 2.0%. 
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After injection ceases in model year 2039, the Model continues to simulate plume expansion, as 
shown in Figure 2-23 and Figure 2-24. Post-injection plume growth is minimal—less than 1% change 
per year and less than 830 ft of total expansion between 2039 and 2089 (Figure 2-22 and Table 2-
14). The Ellenburger Formation, due to its higher permeability, receives a larger proportion of the 
injected supercritical CO₂ Figure 2-23. Most post-injection migration occurs in the vertical direction, 
with CO₂ occupying additional pore space in the Devonian. No injectate is observed to migrate through 
the overlying Woodford Shale or Barnett Shale. 

After model year 2065, the incremental change in plume area remains below 1% per year (Table 2-
14), corresponding to an average lateral expansion of approximately 105 ft per year. This limited 
movement indicates the plume has reached a quasi-stable state, significantly reducing the risk of 
upward migration to the surface or into underground sources of drinking water. 

 

 
Figure 2-22: Annual Percent Change in Plume Area Through the End of PISC 
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Figure 2-23: Modeled sc-CO2 Saturation in Model Year 2089 
Modeled sc-CO2 saturation in year 2089 or 50-years post-injection. Top: aerial view; Bottom: cross-sectional view. sc-CO2 saturation shown in the 
aerial view is the vertical average saturation for the entire system. Red outline encompasses any sc-CO2 saturation in any cell greater than 2%. 
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Figure 2-24: CO2 Saturation Cross Section 
Cross-section view of sc-CO2 saturation from west to east showing the migration of CO2 over time post-injection. Red is the furthest extent of the CO2 
plume at the Model year 2089 (50 years post-injection), and blue is the position at model year 12, at the end of injection.  
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2.7 Change in Bottomhole Pressure 
As shown in Figure 2-25, the bottomhole injection pressure at the Midland CCS #2 well rises gradually 
during injection as CO₂ diffuses through the system. The pressure reaches a maximum of 7,499 psi 
just before the end of injection in modeled year 2039. 

Reference depths corresponding to the bottomhole pressure values in Figure 2-25 are provided in 
Table 2-15. The maximum change in modeled bottomhole pressure (ΔBHP) at the end of injection 
(model year 12) is 1,598 psi at Midland CCS #2. This peak pressure occurs at the well and decreases 
exponentially with distance from the wellbore (Table 2-16). 

The bottomhole pressure shown in Figure 2-25 differs from grid block pressure, which represents the 
average pressure within the reservoir cell. These pressures are linked by the well index, a simulator-
internal calculation that represents the ratio of well flow rate to the pressure difference between the 
reservoir block and the wellbore. A comparison of grid block and wellbore pressures at the top of the 
Devonian Injection Interval is also shown in Figure 2-25, where the observed difference is attributed 
to the well index. 

Figure 2-25: Well Bottomhole vs. Block Pressure Comparison 
Values shown are from the Midland CCS #2 at the top of the Devonian interval. 
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Figure 2-26: Midland CCS #2 Modeled Well Injection Pressures 

Figure 2-27: Midland CCS #2 Forecasted Injection Mass Rate and Cumulative Injection Mass 
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Figure 2-29: Location of Offset Injection Wells, Structure Map Top (TVDSS) of Devonian 

 

The primary objective of history-matching the offset injection wells was to calibrate the static model’s 
intrinsic permeability and fault transmissibility. Historical injection volumes and completion details from 
the RRC were loaded into the dynamic simulation model. Various combinations of permeability and 
fault transmissibility were iterated to achieve the best fit with the reported tubing head pressures. The 
calibrated model’s resulting tubing head pressures are shown in Figure 2-30. 



 
 

UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC 

South Midland Facility | Upton County, Texas 
 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

Section 2: Area of Review (AoR) and Corrective Action (CA) Plans | page 50 of  85 

 

 
Figure 2-30: Tubing Head Pressures  
Historical tubing head pressures (orange dots) compared to simulated tubing head pressures (blue lines). 

The Model domain was subdivided into four regions as shown in Figure 2-31. The aerial segmentation 
honors the geobodies described by Holtz and Kerans (1992) and Sanchez et al. (2019). The geobody 
located in the eastern half of the dynamic simulation model domain (Regions 3 and 4) represents 
areas with increased fracturing or karsting. Vertically, strata above the Ellenburger Group were 
assigned to Regions 1 and 4, while the Ellenburger itself was assigned to Regions 2 and 3.  

 

 
Figure 2-31: Model Regions Used in History Matching 

 

Utilizing the historical injection volumes from the Midkiff SWD 1 well (API: 42-329-42597), an initial 
effort was made to calibrate the permeability of the interval above the Ellenburger independently from 
the Ellenburger itself. Midkiff SWD 1 is the only known historical dual-zone completion—including both 
the Devonian–Silurian and Ellenburger formations—within the Model domain. However, it was 
ultimately determined that insufficient data are available from Midkiff SWD 1 to support this additional 
segmentation. A summary of the resulting permeability multipliers used in the Model is provided in 
Table 2-21. 
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2.9 Critical Pressure Calculations 
The critical pressure threshold defines the minimum increase in pressure within the injection interval 
that would be sufficient to drive formation fluids through a hypothetical conduit into the lowermost 
USDW. This concept is central to EPA's Class VI Area of Review (AoR) delineation methodology, as 
described in the UIC Program Class VI Well Area of Review Evaluation and Corrective Action 
Guidance (USEPA, 2013). For this project, the threshold was calculated using a modified version of 
the Thornhill et al. (1982) approach (Equation 9), which estimates the pressure required to equalize 
hydraulic head between two stratigraphic intervals, updated here with site-specific pressure gradients. 
The critical pressure at the interface between the injection interval and a hypothetical conduit to the 
USDW is calculated as: 

Equation 9: Thornhill 1982 Pressure 
∆𝑃𝑃𝑐𝑐 = 𝑃𝑃𝑢𝑢 + 𝜌𝜌𝑖𝑖𝑔𝑔 ∗ (𝑧𝑧𝑢𝑢 − 𝑧𝑧𝑖𝑖) 

Where:   
𝑃𝑃𝑐𝑐 = 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑇𝑇ℎ𝑟𝑟𝑟𝑟𝑟𝑟ℎ𝑜𝑜𝑜𝑜𝑜𝑜 (𝑃𝑃𝑃𝑃) 
𝑃𝑃𝑢𝑢 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝑃𝑃𝑃𝑃) 
𝜌𝜌𝑖𝑖 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 (𝑘𝑘𝑘𝑘/𝑚𝑚3) 
𝑔𝑔 = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐷𝐷𝐷𝐷𝐷𝐷 𝑡𝑡𝑡𝑡 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 (9.81 𝑚𝑚 𝑠𝑠2⁄ ) 
𝑧𝑧𝑢𝑢 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 (𝑚𝑚) 
𝑧𝑧𝑖𝑖 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 (𝑚𝑚) 

The pressure increase that the injection interval can accommodate before exceeding the critical 
threshold is: 

Equation 10: Critical Pressure  

∆𝑃𝑃𝑐𝑐 = 𝑃𝑃𝑢𝑢 + 𝜌𝜌𝑖𝑖𝑔𝑔 ∗ (𝑧𝑧𝑢𝑢 − 𝑧𝑧𝑖𝑖) − 𝑃𝑃𝑖𝑖 
Where: 

𝑷𝑷𝒊𝒊 = 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 (𝑷𝑷𝑷𝑷) 

In the Midland CCS #2 well, the base of the USDW is expected to occur at 1,250 ft TVD, based on a 
Groundwater Advisory Unit (GAU) determination (Section 1.4). The critical pressure calculation was 
performed for the top of the Devonian injection interval, located at 12,200 ft TVD. The fluid in the 
injection interval is assumed to be formation brine with a salinity of 152,704 mg/L, corresponding to a 
fluid density of 1,052 kg/m³ (as shown in Table 2-22). This value is derived using 207 water samples 
from nearby Devonian and Ellenburger wells and using McCain’s temperature correction to correct 
the density to reservoir conditions. (McCain, 1999) 

The initial reservoir pressure, immediately prior to the start of injection, was calculated using a 
pressure gradient of 0.45699 psi/ft, resulting in an expected pressure of approximately 5,575 psia. As 
shown below, the initial pressure gradient used in the simulation is 0.45 psi/ft (initialized in 2018); 
however, this gradient has been increased by offset SWD activity prior to the commencement of CO₂ 
injection and is not consistent with the fluid density of the injection interval. Therefore, a more precise 
value of 0.45699 psi/ft is utilized to calculate the critical pressure. 

In contrast, the fluid within the lowermost USDW is assumed to have a pressure gradient of 0.4370 
psi/ft and a salinity of 11,030 mg/L, consistent with Dockum Group brines (see Section 1.4.2 for 
salinity assumptions). A summary of the inputs used in the critical pressure threshold calculation is 
provided in Table 2-22. 

Far-offset Class II SWD injection wells appear to have increased the pore pressure gradient prior to 
any injection activities associated with this Class VI permit. SWD wells included in the numerical model 
have increased the pressure gradient. Milestone used the value of the reservoir pressure consistent 
with the density, immediately prior to the start of injection are used to calculate the critical pressure. 
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Figure 2-33: Numerical grid used in the Devonian borehole model (distances in meters) 

Model outputs were used to evaluate potential fluid migration and changes in water quality in the 
overlying USDWs. Results from both baseline and elevated pressure simulations demonstrated no 
net increase in TDS above 1 mg/L in either the Trinity or Dockum USDWs after 70 years of injection 
in deeper intervals. Dissipation zones effectively attenuated both pressure and solute transport, and 
all observed TDS changes remained confined to subsurface intervals below the USDWs. (Table 2-
24).  

Model results also indicate that, under the worst-case scenario involving an abandoned borehole 
located within close proximity to the injection well and assuming no intervening dissipation zones, the 
maximum total dissolved solids (TDS) increase within the USDW is less than 24 mg/L. This impact is 
highly localized, confined to an area within approximately 100 meters of the well pad. Beyond this 
immediate vicinity, changes in TDS within the aquifer are negligible, remaining below 1 mg/L (Figure 
2-34).

Figure 2-34: SEAWAT Results for Dockum, No Dissipation Zones, Worst Case Scenario, Highest ΔP 
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Accordingly, delineation of the AoR was based not solely on the analytical critical pressure threshold 
but rather on modeled pressure front extents and plume behavior. This dual-criteria approach provides 
a more technically robust and protective delineation strategy. Specifically, the AoR is defined by: 

1. The modeled extent of the supercritical CO₂ plume, where saturation exceeds 2% at 50 years 
post-injection; and 

2. The lateral extent of modeled pressure increase associated with the onset of potential leakage 
through a hypothetical high-permeability borehole(s). 

a) Since the lateral extent of the potential leakage is <100 M from the injection well, and 
<1M at locations along the edge of the CO2 plume, the AoR is less than or equal to #1.  

Figure 2-35 presents the modeled incremental pressure increase shown in equivalent mud weight 
between 2027 and end of 2039 at the top of the injection interval. Figure 2-36 presents the modeled 
incremental pressure increase shown in equivalent mud weight between 2027 and 2039 at the top of 
the Ellenburger Injection Unit. Figure 2-37 shows the pressure at the top of the Injection unit in PSI 
with the Class VI AOR only. These figures demonstrates that pressure changes remain laterally 
constrained and rapidly attenuate away from the injection point due to the site’s low-permeability 
injection reservoir. Note that 0.45699 psi/ft, the regional pore pressure gradient (Figure 2-17), is 
equivalent to 8.78 ppg mud weight. Additional maps of pressure are included in the Modflow Appendix. 

The results also indicate that pressure encroachment from nearby Class II Saltwater Disposal (SWD) 
and Acid Gas Injection (AGI) wells varies across different K-layers, complicating the delineation of a 
distinct pressure boundary associated with the Class VI injection well. Due to the lack of a clearly 
defined pressure boundary—attributable to cumulative effects from surrounding Class II injection 
activity—advanced leakage modeling was undertaken to better assess potential impacts. Additionally, 
the figures illustrate that future SWD wells, even those located at considerable distances from the 
Class VI well, could influence regional pressure conditions. As a result, reliance on Method 1 is not 
appropriate for this site. Milestone cannot ensure that the Texas Railroad Commission (TRRC) will 
restrict future deep injection activities outside the current CO₂ plume footprint. 

This pressure front approach is consistent with methods used in previously approved Class VI permits, 
where the AoR was delineated using modeled sensitivity to pressure-induced leakage under 
conservative assumptions. In the Midland CCS case, four boreholes, including the injection well and 
three strategically placed hypotheticals, were simulated under bounding-case conditions using 
SEAWAT. Even with assumed borehole permeabilities exceeding those associated with high-risk 
legacy wells, no net increase in TDS was observed in either the Trinity or Dockum USDWs over the 
70-year simulation period.  

These findings confirm that the modeled CO2 plume and associated pressure front provides a 
protective and site-specific basis for identifying at-risk artificial penetrations and informing corrective 
action planning. 

Furthermore, the MODFLOW-SEAWAT model defines the zone of elevated pressure associated with 
CO₂ injection—representing the area of potential risk to USDWs—as being less than or equal to the 
spatial extent of the CO₂ plume, as delineated by a 2% saturation threshold. This outcome reflects 
the negligible leakage rates predicted for a hypothetical wellbore under conservatively modeled 
pressure conditions, which are insufficient to produce detectable impacts within the USDW. 

This AoR delineation method provides a conservative, transparent, and technically defensible 
framework consistent with EPA Class VI expectations. Additional MODFLOW-SEAWATT model 
inputs, sensitivity cases, and configuration details are provided in Appendix L. 
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Figure 2-35: Maximum change in reservoir pressure at Top of Devonian formation 
Maximum change in reservoir pressure across in 1st K-layer in the Injection Interval from model years 2027 (start of injection) 
to 2039 (end of injection). Contours shown in equivalent Mud Weight PPG. Not all wells perforated in Devonian. No faults 
shown because faults do not intersect top K-layer of Devonian. 
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Figure 2-36: Maximum change in reservoir pressure at Top of Ellenburger Group 
Maximum change in reservoir pressure across in 1st K-layer in the Injection Interval from model years 2027 (start of injection) 
to 2039 (end of injection). Contours shown in equivalent Mud Weight PPG. All wells perforated in Ellenburger. Faults baffle 
but do not completely seal off pressure changes. 
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Figure 2-37: Maximum Pressure in PSI (2039) with Maximum CO2 Plume (2089) 
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2.11 AoR Corrective Action Plans 

2.11.1 Tabulation of Wells Within the AoR [40 CFR 146.82(a)(4); 40 CFR 146.84(c)(2)] 

Milestone evaluated all oil and gas wells, water disposal wells, stratigraphic boreholes, dry holes, and 
plugged and abandoned wells within the AoR using data from proprietary and commercially operated 
databases. Well locations and associated attributes were sourced primarily from the Enverus 
DrillingInfo™ (DI) well database (Sections 1.3 and 1.14). The tables and maps reflect well data 
current as of October 2, 2024. Full maps of all features are provided in Section 1.3. Based on this 
review, zero (0) wells were found to penetrate the top seal or injection interval within the AoR. 

For all identified wells, available records from the Railroad Commission of Texas (RRC) were 
downloaded and reviewed to confirm total depth and penetrated zones. Milestone also submitted a 
request to the RRC for non-digitized records and reviewed microfilm/microfiche files to confirm that 
no additional artificial penetrations exist within the AoR. Based on this review, 71 wells or potential 
wells were identified, though not all had complete records available. 

Of these, 59 are existing oil and gas wells within the AoR (Figure 2-38): 

• 26 Active, (including 3 shallow disposal wells)
• 12 Inactive,
• 13 Plugged and Abandoned,
• 1 Shut-in,
• 7 Unknown.

In addition, 12 wells were identified at various stages of development or permitting: 

• 11 Expired permits,
• 1 Cancelled.

A comprehensive list of all wells within the AoR, including total depths and the deepest formation 
penetrated, is provided at the end of Permit Section 1, in Appendix E, and in the file uploaded to 
GSDT titled:  

O&G Wells Summary Files (includes spreadsheet and shapefile) 

All publicly available well files from the RRC for wells within the AoR and beyond, each of which 
Milestone reviewed to determine whether corrective action is necessary, are provided in the following 
file uploaded to the GSDT:  

Well Files: O&G Individual Well Files 

Wireline Logs: O&G Raster Logs 

In addition, there are 87 water wells located within the AoR, a total of 155 water wells within 1 mile of 
the AoR. These water wells generally have depths of less than 300 feet. A list of the water wells within 
the AoR and within 1 mile outside the AoR can be found in the following file uploaded to the GSDT: 

TWDB Water Well Summary Data 

Individual well files from the Texas Water Development Board (TWDB) have been uploaded as well, 
in a file titled:   

TWDB Individual Water Well Files 
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Figure 2-38: All Oil and Gas Wells Map of the AoR 
See Section 1.14 for the index table. 

2.11.2 Corrective Action Schedule [146.82 (a)(4)] 

Wells that do not penetrate either the confining or injection unit pose negligible risk to underground 
sources of drinking water (USDWs) and therefore do not require corrective action. Based on available 
RRC records, zero (0) wells known to Milestone require corrective action. Milestone specifically 
positioned the Midland CCS #2 AoR to avoid any wells that penetrate the Top Seal or Injection Interval. 

Out of an abundance of caution, Milestone identified all wells that penetrate the top seal or injection 
interval within 1 mile beyond the AoR boundary. (Figure 2-39, Table 2-25). 

• Two (2) wells—Dusek 5 and Dusek 4—penetrate within 100 ft of the Devonian and are
believed to penetrate the Barnett and possibly the upper portion of the Woodford.

• Two (2) additional wells—Windham R and JRS Farms 22—penetrate the Woodford Shale
(primary top seal) and may approach within 50 ft of the top of the Siluro-Devonian injection
unit. These wells were originally drilled to deeper intervals, likely as stratigraphic tests, but
were later plugged back to produce from shallower Pennsylvanian and Permian zones.

None of these four wells fall within the AoR of the injection well, and none produce from deep 
Paleozoic intervals such as the Ellenburger or Devonian. Notably, Milestone positioned the Midland 
IZM #1 in the direction of JRS Farms 22 to assist with monitoring, as the plume is expected to migrate 
updip to the southeast. 
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Figure 2-39: Wells Near the AoR that Potentially Penetrate Woodford (Green) or Devonian (Red) 

A cross-section of the wireline logs of the four wells is shown in Figure 2-40. Note the lack of Devonian 
tops on the cross section, because the wireline logs do not observe the contact.  

  
Figure 2-40: Cross Section of Wells Near the AoR that Potentially Penetrate Woodford 
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Wellbore diagrams for the JRS Farms 22 and Windham R wells are provided in Figure 2-41 and 
Figure 2-42, respectively. Note the Plugged Back Total Depth (PBTD) at the bottom of each well. 
Even if these wells hypothetically penetrated the Devonian, both were plugged back into the Woodford 
or higher formations and are unlikely to come into contact with injected CO₂, as they are located 
outside the AoR. 
 
Although these wells fall outside the AoR, Milestone is including the wellbore diagrams for EPA review 
to demonstrate that these wells have been evaluated and that appropriate remedial actions will be 
taken if the plume unexpectedly migrates toward them. The plume and pressure monitoring plan is 
provided in Section 6 of the permit application, which includes additional details on monitoring 
strategies and frequency. 
 

 
Figure 2-41: JRS Farms 22 Wellbore Schematic (Not to Scale) 
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Figure 2-42: Windham R #3 Wellbore Schematic (Not to Scale) 
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2.11.3 Re-Evaluation Schedule and Criteria 

Milestone will reevaluate the Area of Review (AoR) at least once every five (5) years during both the 
injection and post-injection phases. 

The reevaluation procedure will be based on data collected between reevaluations and the well 
conditions at the time of review. Measured data will include injection rates, pressures, and other 
relevant operating conditions from the Midland CCS #2 Well, which will be used to inform and update 
the dynamic model. 

History matching will be conducted by inputting recorded injection data into the dynamic model and 
adjusting model parameters to align with observed pressures. This process calibrates and validates 
the model to actual site conditions. In addition to history matching the Midland CCS #2 Well, 
performance data from offset saltwater disposal (SWD) wells, including the Davidson Unit #1, will 
continue to inform model refinements. 

Sensitivity analysis will be performed to identify the parameters that most significantly influence plume 
behavior and AoR extent. Input parameters will be modified incrementally to assess their impact on 
predicted plume size and AoR boundaries. 

Each AoR reevaluation will include discussion of the following: 

• Changes in monitoring or operational data since the previous evaluation. 
• How updated monitoring and operational data (e.g., injection rate, pressure) were used to 

revise the geologic model and computational simulations. 
• Any triggers that warranted an unscheduled AoR reevaluation. 

If any observations or measurements are determined to materially affect plume size or AoR extent, 
Milestone will update the Model and perform a reevaluation. Any newly identified wells within the 
updated AoR will be assessed for corrective action requirements. If needed, corrective action will be 
undertaken in accordance with applicable federal, state, and local regulations. 

Milestone will submit either an amended AoR and Corrective Action Plan or documentation supporting 
that no changes are required, based on modeling results and monitoring data. Any such events will 
be discussed with the UIC Program Director to determine whether a formal AoR reevaluation is 
necessary. 

• If an unscheduled reevaluation is triggered, Milestone will take the following steps: 
• Evaluate the static model assumptions in light of new data or measurements. 
• Run the updated static model and compare outputs to prior predictions. 
• Evaluate the dynamic model assumptions using the new data. 
• Run the updated dynamic model and compare results to previous simulations. 

See Section 6 for more information on the testing and monitoring program, and Section 10 for details 
on emergency criteria and response. 
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Consistent with the EPA Class CI Testing and Monitoring Guidance, Milestone evaluates the following 
trends that may indicate potential fluid leakage.  If two or more of these trends (relative to baseline 
data) are noted over a period of three or more sampling events, Milestone will initiate further 
coordination with EPA or TRRC to assess the potential for fluid leakage above the confining zone and 
if an AoR re-evaluation is necessary.  Indicators of potential fluid leakage include: 

• Increasing TDS: An increasing TDS trend may indicate that native brines have migrated from
the injection zone, or an intervening zone, into the monitored zone.  A change in the overall
TDS trend may indicate fluid exchange between adjacent formations.

• Increasing CO2 concentration: An increase in the concentration of dissolved CO2 may indicate
leakage of the dissolved-phase plume into the monitoring zone.  Increasing CO2
concentrations may also be observed due to other factors, including increasing groundwater
recharge.  These other factors may be evaluated to ascertain if the observed increasing CO2
concentrations are due to migration from the injection zone.

• Decreasing pH: A decreasing pH trend may indicate migration of carbonic acid and other fluids
into the monitoring zone.  Similar to increasing CO2 concentrations, other factors may be
evaluated that would cause an observed decrease in pH.

• Increasing concentration of injectate impurities: An increase in the concentration of any
impurities in the injectate may be indicative of injectate migration into the monitoring zone.

• Increasing concentration of leached constituents: The presence of CO2 may leach certain
inorganics from the formation matrix due to lowered pH. Increasing trends may be indicative
of fluid migration.

• Increased reservoir pressure and/or static water levels.

Trends will be evaluated using the Mann-Kendall statistical test, following standard methods described 
in EPA (2009).  A trend will be considered significant if it meets the following criteria: 

• For increasing trends: The Mann-Kendall test indicated an upward trend at the 95% confidence
level and the most recent value is at least 25% higher than baseline.

• For decreasing trends (i.e., pH): The test indicated a downward trend at the 95% confidence
level and the most recent value is at least 25% lower than baseline.

• In addition, a change in the signature of dissolved groundwater constituents in the monitored
zone as compared to that of the injection zone or confining zone may indicate leakage.  The
anion/cation signature may be evaluated through the construction and use of ion diagrams,
including piper and stiff diagrams.
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2.12 Additional Pressure Maps 
To aid in the review of the dynamic model, Milestone has included the following maps from Figure 
2-43 to Figure 2-54 showing pressure at various time steps and various k-layers.

 
Figure 2-43: Pressure in psi at initial conditions, Top of Devonian, in 2018 prior to any injection, SWD or 
CO2 
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Figure 2-44: Pressure in psi, Top of Devonian, in 2027, just prior to CO2 injection commencing 
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Figure 2-45: Pressure in psi, Top of Devonian, in 2039 when injection terminates 
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Figure 2-46: Pressure in psi, Top of Devonian, in 2089 at the end of the PISC period 
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Figure 2-47: Pressure differential in psi, Top of Devonian, from start of simulation in 2018 to start of CO2 
injection in 2027 
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Figure 2-48: Pressure differential in psi, Top of Devonian, from start of simulation in 2018 to termination 
of injection of CO2 in 2039 
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Figure 2-49: Pressure in psi, Top of Ellenburger, at the start of simulation in 2018, prior to any injection, 
SWD or CO2 
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Figure 2-50: Pressure in psi, Top of Ellenburger, just prior to of CO2 injection commencing in 2027 
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Figure 2-51: Pressure in psi, Top of Ellenburger, at the termination of CO2 injection in 2039 
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Figure 2-52: Pressure in psi, Top of Ellenburger, end of PISC period in 2089 
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Figure 2-53: Pressure differential in psi, Top of Ellenburger, from start of simulation in 2018 to the start 
of CO2 injection in 2027 
 
 
 
 



UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC 

South Midland Facility | Upton County, Texas 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

Section 2: Area of Review (AoR) and Corrective Action (CA) Plans | page 81 of  85 

Figure 2-54: Pressure differential in psi, Top of Ellenburger, from start of simulation in 2018 to the end 
of CO2 injection in 2039 
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The following figures from Figure 2-56 to 2-58 show the pressure at the top of the injection interval 
(top of Devonian) at the time steps for 5 years after injection, end of injection and end of PISC period. 

Figure 2-56: Pressure at the Top of Devonian, in PSI, Year 2032, 5 years after Injection Commences 
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Figure 2-57: Pressure at the Top of Devonian, in PSI, Year 2039, End of Injection Period 
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Figure 2-58: Pressure at the Top of Devonian, in PSI, Year 2089, End of PISC Period 
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3.0 CONSTRUCTION DETAILS / ENGINEERING DESIGN [40 CFR 
146.82(a)(7), (a)(8), (10), (11), (12) 146.86, 146.87] 

Milestone’s permit Section 3 describes the engineering design details, and permit Section 4 includes 
operational strategies employed during the planning of the proposed Midland CCS #2 Injection Well 
which will be completed at a total depth (TD) of ~13,849 ft TVD. This section also features the design 
and construction of the planned monitoring wells that will be drilled to support injection into the 
proposed injection wells. Milestone plans to drill one in-zone monitor well, the Midland IZM #2, and 
one USDW monitoring well, the Midland USDW #1. The Midland IZM #2 will be completed at ~13,785 
ft TD TVD in the Devonian and Ellenburger formations. The USDW monitoring well will be completed 
at ~1,300 ft in the base of the USDW and/or the first permeable zone above 1,250 ft. Additionally, 
Milestone plans to drill five (5) near surface seismic monitoring and water wells (NSSW), Midland 
NSSW #1-5. These wells will be completed at ~300 ft each in the Edwards-Trinity (Plateau) aquifer. 
 
3.1 Engineering Design [40 CFR 146.82(a)(11), (12), 146.86] 
The design of the injection wells is optimized to permanently sequester CO2, prevent the movement 
of CO2 and subsurface fluids into USDWs, and account for various operational factors, such as 
injection volume, rate, chemical composition, metallurgical evaluations, physical properties of the 
injectate fluid, and the corrosive nature of the injectate fluid and its impact on wellbore components. 
The operation of the wells will be managed to ensure efficient use of pore space in the reservoir and 
to contain the CO2 within the authorized injection unit both during and post-injection. 
 
The Midland CCS #2 well and Midland IZM #2 are designed to withstand the corrosiveness of the 
injectate. Special metallurgies, such as 22CR/25CR, and coatings will be used for the casing, tubing, 
wellhead equipment, and downhole tools. Additionally, the wellbore cement design and products used 
to cement the well are designed to create good, reliable bonding between the casing and formations 
while withstanding the corrosive nature of the injectate. The casings are designed with a sufficient 
cement sheath to protect the wellbore from developing any channeling out of the injection interval and 
to maintain the CO2 below the Top Seal (Woodford Shale).   
 
The wellbore will be designed with production casing including the following tubulars: 7-5/8-in P-110 
casing with premium connections from surface to ~500 ft above the Top Seal, the Woodford, a 
galvanic 7-5/8-in P-110 x 7-5/8-in 22CR/25CR crossover, 7-5/8-in 22CR/25CR casing with premium 
connections from the crossover to ~60 ft into the top of the injection interval, the Devonian, and finally 
openhole to TD, ~100 ft above basement (see permit Section 1 for stratigraphic column). Figure 3-1 
illustrates the proposed injection wellbore schematic.  
 
The production tubing will be 4-½-in P-110 with premium connections installed from surface to 162 ft 
above the production casing shoe set into an upper sealbore assembly just above a 4-½-in x 7-5/8-in 
fixed permanent production packer. The upper sealbore will allow the 4-½” tubing to be retrieved 
without pulling the packer. The packer should be located approximately +/-150 ft above the production 
casing shoe provided there is at least 60% good cement bonding across the isolating shale directly 
above the top of the injection interval. The production packer will be made of 22CR/25CR or equivalent 
material. Included below the packer assembly will be a 4-½-in safety valve, 4-½-in blast joint, and a 
wireline re-entry guide all made of 22CR/25CR or equivalent material extending beyond the production 
casing shoe.  The 4-½-in safety valve made of 22CR/25CR, or equivalent material. 
 
The tubing and casing annulus pressures will be continuously monitored to ensure that well integrity 
is maintained. The SCADA system will measure and record downhole temperatures and pressures in 
the injection interval and assist in monitoring the CO2 plume’s size. The monitoring system includes 
running a fiber optic cable (red line on Figure 3-1) and tubing encapsulated conductor (pressure 
gauge / yellow line on Figure 3-1) with downhole pressure gauges as the production casing is run in 
the hole. The cable and sensors will then be cemented into place. See permit Section 6 for additional 
information regarding monitoring plan. 
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Figure 3-1: Proposed Midland CCS#2 Wellbore Schematic 
The proposed wellbore schematic illustrates geologic formation tops, including the upper confining zone (Top Seal) and 
injection intervals and units, well construction elements to best suit the storage of CO2, such as CRA materials, and proposed 
monitoring equipment. 
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Figure 3-2: Well Location Plat CCS#2 
The surveyed well location plat shows the proposed Midland CCS #2 Well location in Section 9, Block 39, Township 5 South, 
Abstract No. 427, T&P RR Co. Survey, Upton County, Texas. 
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3.2 General Outline of Injection Well Design and Completion Schematic 
The Midland CCS #2 Well is designed with the following specifications: 

1. Conductor Pipe 
a. Size: 20 inches (in) 
b. Depth: 120 ft (ft) 

2. Surface Casing 
a. To be set below the lowermost Underground Source of Drinking Water (USDW) 

i. Currently estimated: 1,250 ft 
1. Based on offset GAU Determination letters (Appendix I) issued by the RRC. 

ii. USDW depth and location will be further confirmed via openhole logging during drilling of the well  
b. 13-3/8-in casing set at ~1,300 ft 
c. J-55 grade tubulars 
d. 17-½-in hole size 
e. Cement to surface 

3. Intermediate Casing 
a. 10-3/4-in casing set into top of Dean @ ~9,000 ft 
b. P110HC grade tubulars 
c. 12-¼-in hole size 
d. Cement to surface 

i. DV Tool set at ~4,100 ft 
4. Production Casing 

a. 7-5/8-in casing set into top of Devonian @ ~12,260 ft 
i. P-110EC grade tubulars from surface to 11,600 ft 
ii. Galvanic crossover (X-O) between P-110EC & 22CR/25CR 
iii. 22CR/25CR, 110 ksi grade tubulars from 11,600 ft to 12,260 ft 
iv. 9-½-in hole size 

b. Cement to surface 
i. Cement to be comprised of the following make-up: 

1. From surface to ~500 ft above the top seal – (light weight acid resistant cement)  
2. From ~500 ft above the top seal, throughout the injection interval, to shoe – (acid resistant 

cement) 
5. Injection Tubing 

a. 4-½-in tubing set on packer at 12,270 ft 
i. Tubing P-110 grade 
ii. Packer 22CR/25CR or equivalent 
iii. Coated with H2S and CO2 resistant coating 

b. Subsurface Tejas InjectGARD Variable Orifice Safety Valve at ~12,262 ft 
i. 22CR/25CR or equivalent 
ii. API-14A, V3 rated 
iii. Wireline retrievable 

c. 4-½-in blast joint and re-entry guide to 12,270 ft 
d. Annular fluid to consist of corrosion inhibited fluid 

6. Packer Configuration 
a. 4-½-in x 7-5/8-in permanent packer set at 12,098 ft 

i. 22CR/25CR or equivalent, Inconel-lined (flow-wetted) anchor, mandrel, and cylinder for corrosion 
resistance 

1. Minimum ID: 3.875-in 
2. Elastomer options – Nitrile, HNBR, Aflas (CO2 resistant) 

7. Wellhead 
a. 13-3/8-in SOW x 13-5/8-in 5M – conventional casing head 
b. 13-5/8-in 10-3/4-in – casing hanger 
c. 13-5/8-in 5M x 13-5/8-in 10M – casing spool 
d. 13-5/8-in 7-5/8-in – casing hanger 
e. 13-5/8-in 10M x 13-5/8-in 10M DSA for Fiber Optic Line Exit 
f. 13-5/8-in 10M x 11-in 10M – tubing spool 
g. 11-in 10M x 2-9/16-in 10M Temporary Abandonment Cap + Valve with 11-in isolation busing assembly for 

vertical dual barrier isolation 
8. Completion Injection Tree  

a. 11-in x 4-½-in – tubing hanger (FF1.5 trim, 410 Stainless Steel) 
9. Production Tree 

a. 11-in x 4-1/16-in 10M – adapter spool (EE trim, Xylan Coated Internally) 
b. 4-1/16-in 10M, gate valve, manual (FF trim)  
c. 4-1/16-in 10M, gate valve, manual (EE trim, Xylan Coated Internally)  
d. 4-1/16-in X 5-1/8-in 10M flow cross with 4-1/16-in 10M pneumatic wing valve (EE trim, Xylan Coated Internally)  
e. 4-1/16-in 10M, gate valve, manual for crown with cap (EE trim, Xylan Coated Internally)  
f. See schematic for details (Figure 3-7) 

A complete drilling and completion prognosis has been included in Section 13 Appendix B. 
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3.3.6 Centralizers 
Centralizer selection and installation for the referenced well will have two (2) separate functions. The 
bow-spring centralizer design for the 13-3/8-in surface casing will be planned to protect any shallow 
aquifer zones per state regulations. The specific placement is also to ensure a continuous, uniform, 
column of cement is present throughout the 1,300 ft of 13-3/8-in x 17-½-in annular space.  The 
recommended locations are: 
 

(1) – Above Shoe Joint 
(1) – Above Float Collar 
(1) – Subsequent (5) joints of casing 
(1) – Every 4th joint (160 ft) to surface 
Total Centralizers – 13 

 
The bow spring centralizer design for the 10-¾-in intermediate casing will be planned to ensure a 
continuous, uniform, column of cement is present throughout the 9,000 ft of 10-¾-in x 12- ¼-in annular 
space. The recommended locations are: 
 

(1) – Above Shoe Joint 
(1) – Above Float Collar 
(1) – Subsequent (5) joints of casing 
(1) – Every 4th joint (160 ft) to surface 
Total Centralizers – 61 

 
The selection and installation of centralizers for the 7-5/8-in production casing will consider the 
installation of the FOC. Both clamp centralizers and eccentric centralizers, made from the same 
material as the production casing, will be used to ensure the FOC are not damaged during the 
installation process. 
 

1. Utilize two (2) eccentric centralizers (slide on) across a two (2) joint shoe track. Install cable 
clamp above top eccentric centralizer for cable security. 

2. Install clamp centralizers every 160 ft or four (4) joints to surface, cable detection clamps every 
three (3) to four (4) joints. 

3. Fiber module protectors every five (5) to six (6) joints. 
 

3.3.7 Injection Tubing 
As previously stated, the size of the injection tubing was chosen based on the injection volume, rate, 
and injectate composition. It is important to consider the injectate and the potential for a corrosive 
environment when selecting the material of the tubing, similar to the casing string. The injectate stream 
is expected to be dry and non-corrosive, but the design allows for the possibility of the invasion of 
connate water from the reservoir. A comprehensive summary of the metallurgical analysis is included 
in Section 13 Appendix A of this application. Considering the potential for the presence of carbonic 
acid in a mixture of water and CO2, tubing made of 22CR/25CR material or equivalent is recommended 
below the safety valve. Since the safety valve will be closed any time injection is stopped, there will 
be no connate water from the reservoir above the safety valve and P-110 tubulars will be utilized 
above. Injection tubing specifications are presented in Table 3-12. Coatings also discussed below. 
 
The tubing and production casing annulus will be filled with a corrosion inhibited fluid as approved by 
UIC Program Director, prior to setting the packer. The annular fluid will contain brine made up with 
CaCl, an oxygen scavenger, a corrosion inhibitor, and a biocide. Milestone may add additional 
chemicals to the annular fluid based on recommendations of vendors. The technology in this area is 
evolving rapidly and Milestone intends to use best in class annular fluids tailored to our injection wells.  
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Figure 3-5: Triaxial Load Plot, Axial Load vs Effective Differential Pressure for 4.5” Tubing 

3.3.7.1 Tubular Coatings 
Due to the possible presence of low concentrations of H2S (<200 ppm) and also to mitigate 
corrosion from any potential CO2 interactions, Milestone will coat the inside of the P-110 4.5” 
injection tubing with a H2S and CO2 resistant coating. Even though it is unlikely water will be able to 
migrate above the safety valve, this will form a secondary or backup method of mitigation for 
corrosion and also protect the tubulars from the low concentrations of H2S. Milestone will apply a 
coating that has been proven effective through testing under conditions containing CO₂ and H₂S, 
consistent with the gas specifications outlined in Table 3-2. Milestone is currently evaluating NOV 
Tuboscope coatings such as TK7, TK15-XT and TK805. Milestone will apprise the UIC director of 
the final coating selection. 

3.3.8 Safety Valve 
A safety valve (Figure 3-6) will be installed in the 4-½-in tubing near the packer (Figure 3-1). This 
valve will automatically close when injection is stopped and will aid in the running of logging and 
recompletion tools when necessary. If logging or recompletion tools need to be run below the valve, 
the valve can be removed via wireline. The valve is a variable orifice design controlled by flow 
rate and only opens when there is a positive injection flow rate and a differential pressure above the 
valve. The valve is validated to API-14L and consists of CRA materials.  It has a 10,000-psi pressure 
rating.  Additional engineering drawings and details are included as a supplemental attachment. 
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Figure 3-6: Safety Valve 
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3.3.9 Wellhead Discussion 
The wellhead proposal should be designed to combat working pressures (Figure 3-7). The wellhead 
equipment will be manufactured with a combination of alloy steel internally Xylan coated, stainless-
steel and Inconel components across the hanger, casing spool, trims, stems, gates, valves, etc. The 
wellhead is designed with a 10,000-psi working pressure rating, FF1.5 trim tubing hanger and FF trim 
lower master valve, and EE trim production tree with internal Xylan coating. The wellhead equipment 
will contain wing valves that can be automatically controlled to shut the well in when a tubing leak is 
detected. Additionally, the production tree and master valve are sized to provide unrestricted access 
to the 4-½-in completion. Additional engineering drawings are included as a supplemental attachment. 
 

 
Figure 3-7: Midland CCS #2 Well Preliminary Wellhead Design 
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3.3.10 Packer Discussion 
The production tubing will be run into the well with a 4-½-in x 7-5/8-in 22CR/25CR or equivalent 
permanent packer with premium connections (Figure 3-8).  A more detailed schematic of the 
completion including the packer and safety valve can be seen in Figure 3-9. 

 

 
Figure 3-8: Seal Assembly, 4-½-in x 7-5/8-in Permanent Packer 
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Figure 3-9: Injection Well Completion Schematic 
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3.3.11 Cement Discussion 
Milestone will use corrosion resistant cement over any intervals that might contact injectate and 
formation brine in the Midland CCS #2 and Midland IZM #2. These include the Top Seal and the 
Injection Interval. Formations above the top-seal will use Portland cement as they are unlikely to 
contact corrosive fluids. No corrosive resistant cement will be utilized in wells that only penetrate the 
local aquifers I.E. the USDW or NSSW wells (Figures 3-1 and 3-11). 
 
Milestone is currently evaluating CO2 resistant cement from the industry’s leading suppliers, 
Halliburton and SLB.  ThermaLock is an option from Halliburton. EverCrete and Ecoshield are two (2) 
options from SLB. All the cement solutions have been thoroughly tested and are designed to maintain 
reliable corrosion resistant properties throughout the life of an injection or monitoring well exposed to 
CO2. The products listed above are all rated for the temperature and pressure ranges of the injection 
and monitoring wells. They will provide long lasting zonal isolation. 
 
ThermaLock is a non-Portland based cement that is a specially formulated calcium aluminate 
phosphate system which gives it resistant properties to CO2 corrosion.  
 
Evercrete has long been the reliable workhorse for CO2 injection wells. Its low permeability allows it 
to withstand corrosive effects of supercritical CO2 and has self-healing properties if a fracture is 
formed. Figure 3-10 illustrates the compressive strength of Evercrete compared to Portland Cement 
when exposed to CO2 and brine or carbonic acid over time. Ecoshield is a geopolymer cement free 
system that provides an alternative to Portland cement while delivering comparable performance. 
EcoShield system matches the rheology, thickening time, and compressive strength properties of 
Portland cement-based systems. The technology fits within standard oilfield cementing workflows 
without major changes to the design process, onsite execution, or post-job evaluation. 
 
This is an evolving science, and Milestone will continue evaluating the most suitable corrosion 
resistant cement product for the proposed well construction. Cement and cement additives will be 
compatible with the injectate stream and formation fluids and of sufficient quality and quantity to 
maintain integrity over the design life of the geologic sequestration project. The integrity and location 
of the cement shall be verified using technology capable of evaluating cement quality radially and 
identifying the location of channels to ensure that USDWs are not endangered. 

 
Figure 3-10: Comparison of Evercrete Compressive Strength 
Evercrete(Blue) vs Portland Cement (Grey) over time when exposed to Supercritical CO2 and Brine or Carbonic Acid 
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3.4 In-Zone Monitoring Well 
Milestone intends to drill and complete an in-zone monitoring well, Midland IZM #2, to monitor the 
injection zone in the Devonian and Ellenburger Formations and monitor above the Top Seal in the 
Pennsylvanian section. The well will utilize three (3) U-tube fluid sampling systems. One (1) in the first 
permeable zone above the Top Seal, likely the Strawn, one (1) in the Devonian, and one (1) in the 
Ellenburger group and completed with fiber optic cables. The Midland IZM #2 will be positioned 
approximately 3,500 feet southeast of the Injection Well. Location information can be found in Section 
1. This well will be drilled into the injection interval; therefore, it will require corrosion-resistant 
materials for construction. The proposed design for Midland IZM #2 is depicted in Figure 3-11. See 
permit Section 6 for additional information on Fiber Optic Cables. The Midland IZM #2 is currently not 
planned to be perforated as all testing will be performed via u-tubes or indirect methods through 
casing. 
 
3.4.1 General Outline of In-Zone Well Design and Completion Schematic 
Midland IZM #2 was designed with the following specifications: 

1. Conductor Pipe 
a. Size: 20-in 
b. Depth: 120 ft 

2. Surface Casing 
a. To be set below the lowermost USDW 

i. Currently estimated setting depth: 1,300 ft 
1. Based on offset GAU Determination letters (Section 13, Appendix I) issued by the 

RRC. 
2. Base of USDW located at 1,250 ft 

b. 13-3/8-in casing set at 1,300 ft 
c. J-55 grade tubulars 
d. 17-½-in hole size 
e. Cement to surface 

3. Intermediate Casing 
a. 9-5/8-in casing set at 9,000 ft 
b. L80 grade tubulars 
c. 12-¼-in hole size 
d. Cement to surface 

i. DV Tool set at ~4,100 ft 
4. Production Casing 

a. 4-½-in casing set at 13,785 ft 
b. L80 grade tubulars to 11,600 ft 
c. 25CRW or equivalent to 13,785 ft 
d. 7-7/8-in hole size 
e. Cement to surface 

i. Cement to be comprised of the following make-up: 
1. From surface to ~500 ft above the top seal – (light weight acid resistant cement)  
2. From ~500 ft above the top seal, throughout the injection interval, to shoe – (acid 

resistant cement) 
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Figure 3-11: Midland IZM #2 Wellbore Schematic 
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3.5 USDW Monitor Well Design 
Milestone intends to drill and complete one (1) USDW monitoring well, Midland USDW #2, to monitor 
the lowermost USDW intervals, the base of the Dockum aquifer. The Midland USDW #2 well will be 
positioned within 1,000 ft laterally of the Midland CCS #2 injection well and will monitor for signs of 
CO2 escaping from the confinement zone and traveling up into the USDW. This well will not be drilled 
into the Top Seal; therefore, it will not require acid-resistant materials for construction. The well 
location may change pending results of hydrogeologic testing. Milestone intends to drill it updip of the 
injection well in the most likely path of a potential leak. The proposed design for Midland USDW #1 is 
depicted in Figure 3-12. The updip direction based on literature and testing is southwest from the 
proposed Midland CCS #2 injection well. This will be confirmed after drilling the NSSW wells. The 
proposed location of Midland USDW #1 is found in Section 1. 

 
Figure 3-12: Midland USDW #2 Wellbore Schematic 
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3.6 Near Surface Seismometer (NSSW) Monitor Wells 
Milestone intends to drill, and complete, five (5) shallow water monitoring wells with Near Surface 
Seismometer wells (NSSW), described further in permit Section 6.5.2 and illustrated in Figure 3-13. 
The total depth (TD) of each well is expected to be approximately 300 feet, determined by the base 
of the Edwards-Trinity (Plateau) aquifer. The hole size of each NSSW will be 6-in and will contain two 
(2) 1.4-in PVC cementation pipes, one (1) 0.6-in seismic sensor line, one (1) 1.85-in water probe 
sensor, and one (1) 2-in PVC casing.  The water quality probe will be set at a depth determined by 
logs in a slotted screen, illustrated in Figure 3-13. The seismometer will be cemented in place at the 
bottom of the well to enhance coupling with the bedrock. Baker Hughes, or equivalent, service provider 
will be utilized. 

 
Figure 3-13: Midland NSSW Water Monitoring Wells 
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7.0  STIMULATION PROGRAM [40 CFR 146.82(a)(9)] 
Stimulation to enhance the injectivity potential of the injection zone may be necessary. Stimulation 
may involve, but is not limited to, flowing fluids, including acid, into or out of the well, increasing or 
connecting pore spaces in the injection formation, or other activities that are intended to allow the 
injectate to move more readily into the injection formation. Advance notice of all proposed stimulation 
activities must be provided to the Director, as detailed herein, prior to conducting the stimulation. 
Milestone (the permittee) will describe any fluids to be utilized for stimulation activities and will 
demonstrate that the stimulation will not interfere with containment. Milestone will submit proposed 
procedures for all stimulation activities to the Director in writing at least 30 days in advance, per 
40 CFR 146.91(d)(2). It is understood that within the 30-day notice period, TRRC may:  

1. Deny the stimulation
2. Approve the stimulation as proposed
3. Approve the stimulation with conditions

Milestone will carry out the stimulation procedures, including any conditions, as approved or set forth 
by TRRC.  

Notice and the opportunity to witness the stimulation activities will be provided to TRRC at least 
48 hours in advance. 

Historically, operators have stimulated the Siluro-Devonian and Ellenburger with 15% hydrochloric 
acid. For example, the nearest saltwater disposal (SWD) well that penetrates the Ellenburger, the 
Davidson Unit 1 #0106BH (API#:42-461-40597), was stimulated using 1,500 gallons of 15% NEFE 
HCl acid when it was completed on 12/23/2017. (Figure 7-1)  
Once core samples are acquired, Milestone will work with best-in-class service companies to 
determine an appropriate stimulation program, should one become necessary.  

Figure 7-1: Excerpt from Davidson Unit 1 #0106BH W-2 Completion form 
Submitted to Railroad Commission of Texas; It is likely that Milestone will have to use a similar acid completion 
of the Injection Well. Source: Enverus / Railroad Commission of Texas Records 
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5.3.2 Wireline Logging Program 
Per 40 CFR 146.87(a)(2)(i) and 40 CFR 146.87(a)(3)(i), before casing is installed, openhole log data 
will be acquired reflecting in-situ, structural, stratigraphic, physical, chemical, 
and geomechanical information for 1) the Woodford shale top-seal, 2) the Siluro-Devonian and 
Ellenburger injection units and, 3) other zones of interest above or within the injection and confining 
units/intervals.  
 
Wireline conveyed openhole logs will be acquired at the surface casing point, intermediate casing 
points, and production casing point. Openhole logs will not be acquired in the conductor casing hole.  
 
Milestone will log the Midland CCS #2 and Midland IZM #2 wells. There are several logging 
requirements necessary to meet EPA standards and responsible operation which include standard 
logs (Triple Combo) advanced logs and mechanical integrity logs (MIT) (Figure 5-1). 
 
The logging program consists of four separate logging jobs: one for surface hole, two for first and 
second intermediate holes and one for production hole (Figure 5-1).  
 

• STANDARD LOGS include the gamma ray or spectral gamma ray, resistivity, neutron, density, 
caliper, and spontaneous potential. These data are used for primary reservoir and fluid 
characterization including lithology, porosity, salinity, fracture identification, indications of 
permeability, and fluid saturations. Standard logs can answer most of the primary reservoir 
questions related to storage volume. 

 

• ADVANCED LOGS include monopole and dipole sonic tools, resistivity imaging, nuclear 
magnetic resonance (NMR), neutron spectroscopy, formation pressure testing and fluid 
sampling. These are used to complement the standard logs and give additional formation 
information such as pore body sizes, detailed chemical and elemental information, and finally 
geomechanical information. These advanced tools are necessary to meet the requirements of 
documents 40 CFR 146.87 and 40 CFR 146.86.  
 

The sonic tool is a secondary porosity tool, but is also key in understanding geomechanics, stress 
direction, and existence of fractures in the reservoir and confining layers. The sonic tool will be used 
to acquire a 3-D shear survey for approximately 50 ft around the wellbore. 
 
The geomechanical interpretation is bolstered by the image logs which can be interpreted for fracture 
identification, stratigraphy, stress direction, and dip. The image log can also be used to calculate 
maximum principal stress magnitude in conjunction with sonic data. The image log will be critical to 
identify fracture frequency and fracture aperture and evolve the reservoir model accordingly. 
 
The NMR tool can be used to approximate pore body geometry in conjunction with MICP or Brunauer-
Emmett-Teller (BET) data. It is very useful for estimating permeability as well since it measures 
hydrogen precession and pore relaxation effects. 
 
The neutron spectroscopy tool gives detailed highly accurate measurements of several elements such 
as Si, Ca, Mg, Al etc. and can be used with a mixing model and in conjunction with XRD and XRF 
data to create a detailed vertically continuous mineral model.  
 
The dielectric log will be run to measure bulk volume water and give an additional continuous measure 
of salinity that can be used in conjunction with other measurements to calculate water resistivity (Rw), 
the cementation/porosity exponent (m) and the saturation exponent (n).  
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5.4.2 Special Note on Lower Confining Layer 
Since the lower confining layer of the Ellenburger formation is the Cambrian-aged Bliss sandstone or 
granitic or rhyolite basement, the core analysis and drilling program plan is to stop drilling 100 ft above 
basement rock. This stoppage is intended to reduce seismicity risk. In this plan, we will not have core 
or log analyses over the granitic basement, but the borehole will also not interact with basement rock 
unless CO2 saturated water moves against buoyancy and travels downward due to gravity through 
fractures. While this downward migration is possible, the 100 ft. buffer zone is intended to mitigate this 
potential risk. Therefore, Milestone will not core or log the lower confining layer, which is granitic 
basement, in an effort to reduce seismicity risk.  
 
This project is not applying for a depth waiver under [40 CFR 146.95] and [40 CFR 146.95a]. 
Therefore, the requirements under [40 CFR 146.95 and 146.95a] do not apply. The injection interval 
is 10,950 ft below the base of USDW. See permit Section 1.4 for additional information on the base 
of USDW in the region. 
 

5.4.3 Core Analysis Program 
As part of the appraisal well program within the South Midland Facility, core and reservoir fluid analysis 
programs are planned. The core and fluid analysis programs are meant to help minimize the risk and 
reduce the uncertainties within the subsurface data and provide a complete dataset for the second 
generation static and dynamic models. The current subsurface model lacks data density in nearby 
area. The nearest core data is from older 1950s cores that were extracted from the Midland Basin and 
are presently housed at BEG.  
 
The objective of the core and fluid analysis program is to close data gaps that impact the three principal 
drivers (i.e., capacity, injectivity and containment) for confirming the Siluro-Devonian and Ellenburger 
as a safe and secure CO2 sequestration complex within the area. Based on log analysis results this 
campaign may be amended to include additional tests. The data gathering campaign is designed to:  
 

a) Better define formation-specific permeability and porosity as well as the degree of 
connectivity between the Siluro-Devonian and Ellenburger units (capacity and injectivity)  

b) Determine the extent to which the Woodford Shale will act as a seal to the upward migration 
of CO2 (containment)  

c) Provide data to calibrate well logs  
d) Confirm reasonable similarity with the 1st generation static and dynamic models 
e) Provide rock mechanical information 
f) Provide information about threshold entry pressures and other SCAL properties 
g) Provide geochemical information and fluid reactivity information 
h) Further constrain mineralogy and fracturing 

 
The analytical program will consist of two major phases as follows:  
 

1. Phase I: Core analysis, fluid characterization, core description and petrography 
2. Phase II: Special core analysis 
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5.4.4 Phase I: Core Analysis, Fluid Characterization, Core Description and Petrography 
The main objective of this phase is to evaluate the integrity of the core and characterize both the seal 
and the main injection Interval along with reservoir fluids. This should yield a breakdown of the different 
facies that supports sample selection for special core analysis tests. The steps related to this phase 
are as follows and illustrated in Figure 5-2.  
 

a) Core gamma measurements and CT scans are conducted on the entire core upon arrival 
in the lab, to review core condition and for plug selection.  

b) Plug CT scan and micro-CT for shale plugs prior to SCAL 
c) Plug Cleaning using Soxhlet extraction.  
d) Basic rock properties for reservoir section are measured via conventional core analysis at 

ambient and stress conditions.  
e) Klinkenberg and brine permeability, grain density, porosity. Establish Kv/Kh relation.  
f) Unconventional Reservoir Workflow for shale sections- Plug Sample Includes micro-CT 

image AR gas saturations and total porosity by NMR. Steady State permeability and dry 
bulk density, porosity, and grain density by Boyle's Law.  

g) Basic petrography work on selected sand and shale samples to support operational and 
well evaluation key needs (SEM, Thin Sections) 

h) Upon plug selection and core slabbing, a core geological description should be carried out 
that includes fracture identification and count.  

i) MICP for both reservoir sections and shale.  
j) Geochemical characteristics via XRD, XRF and FTIR 
k) Brine Chemistry and Salinity.  

 
Conventional Core frequency of sampling will be at one sample 3-ft for reservoir and seal section 
subject to review and adjustment once the core is retrieved. 
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Figure 5-2: Phase I Core Analysis Program Flow Diagram* 
* May be amended in consultation with an experienced commercial core laboratory 
 

5.4.5 Phase II: Special Core Analysis 
This is the most comprehensive analytical effort, consisting of special core analysis measurements 
for static and dynamic data of sand facies and seals. Workflow diagramed in Figure 5-3.  See Section 
13 Midland Appendices, “Glossary of Acronyms, Abbreviations and Terms.”  
 
Reservoir Carbonates:  

• Additional petrography work (TS, SEMs, XRDs) on trims from SCAL samples  
• Flow through cleaning  
• Brine preparation and properties (Resistivity, PH, density, viscosity and IFT)  
• Sample saturation  
• Electrical properties (FRF, RI, CoCw, m, n)  
• Air-Brine Pc by centrifuge and measure Kair@Swi  
• CO2 flooding and Kg@Swi  
• Brine-oil centrifuge  
• CO2 immersion XRD test to assess CO2 effect on minerals  
• Threshold entry pressure to CO2  
• CO2 flood to assess halite precipitation (post SEM is required)  
• USS Kr supercritical CO2/brine and Brine/CO2 end point relative permeability (followed by Dean & Stark 

for mass balance)  
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• SS Kr supercritical CO2/brine with ISSM full relative permeability curve on few samples. Collect effluent 
samples for IC and ICP  

• SS Kr Brine/supercritical CO2 with ISSM full relative permeability curve on few samples. Karl Fisher is 
performed after the test for mass balance.  

• Rock Mechanics: Triaxial, TWC, UCS, Ductility and Tensile Strength  
• Rock Physics: Pore Volume Compressibility, Compressional & Shear Velocity 

 
Seal Characterization:  

• Additional shale petrography work: TS, SEMs, XRDs, XRF  
• CO2 immersion XRD test to assess CO2 effect on minerals.  
• Rock Mechanics: Triaxial, UCS, Ductility and Tensile Strength 
• Rock Physics: Compressional & Shear Velocity  
• Brunner Emmet Teller (BET): the specific surface area and porosity distribution 

 
Dozens of selected samples will be acquired for SCAL testing from the reservoir section and seal 
section. The sampling strategy will be guided by geological rock types. Whole core sections should 
be preserved for geomechanics sampling. SCAL should always be prioritized over conventional core 
analysis, and it is recommended that samples be acquired before slabbing. 
 

 
Figure 5-3: Special Core Analysis (SCAL) Flow Diagram* 
* May be Amended in Consultation with an Experienced Commercial Core Testing Laboratory 
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5.5 Initial Seismicity Monitoring 
Before injection well drilling operations commence, five (5) near surface seismicity and water sampling 
stations will be installed. These wells will record seismicity continuously for at least (6) months before 
drilling the injection wells. Locations of the NSSW wells are noted in permit Section 1. 
 
In addition to Milestone-owned stations, existing TexNet seismicity stations will also be utilized to 
locate any seismic events within 10km of the AoR.  If a seismic event over magnitude 4.0 is recorded 
within 10km of the AoR and within the six-month period preceding drilling, the EPA UIC Director will 
be notified within 72 hours. See permit Section 6 for more information on seismicity monitoring and 
magnitude of completeness modeling in the area. 
 
5.6 Artificial Penetration Search 
Milestone will conduct ground-based and aerial reconnaissance to attempt to locate additional artificial 
penetrations. Drone-based magnetometer surveys will be used to locate undocumented wells and 
personal gas detection equipment will be used to identify leaking historical wells. Milestone has 
completed a survey of structures, visible wells in the area, and a paper records review. 
 
Within the AoR, Milestone has already located 71 oil and gas wells and 87 water wells. Milestone will 
attempt to locate any additional wells that are not recorded.  
 
See permit Section 1 for additional information on the locations of these wells. None of the currently 
known wells penetrate the Top Seal or injection interval. 
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6.0 TESTING AND MONITORING PLAN [146.82(a)(15), 40 CFR 146.90] 
This Testing and Monitoring Plan describes how Milestone will monitor the Injection Well (Well), 
pursuant to [40 CFR § 146.90]. In addition to demonstrating that the Injection Well is operating as 
planned, the carbon dioxide plume and pressure front are moving as predicted, and that there is no 
endangerment to USDWs, the monitoring data will be used to validate and adjust the geological 
models used to predict the distribution of the CO2 within the injection unit to support AoR re-
evaluations and a non-endangerment demonstration. Additional applicable testing methods may be 
added to reconcile observed and actual results. 
 
Results of the testing and monitoring activities described herein may trigger action according to the 
AoR Re-Evaluation Criteria (Section 2) and or the Emergency and Remedial Response Plan (Section 
10). 
 
6.1 Overall Strategy and Approach for Testing and Monitoring 
The operating plans for the proposed Well will include a robust testing and monitoring program. 
Milestone will report the results of all testing and monitoring activities to EPA in compliance with the 
requirements under 40 CFR § 146.91. This section discusses the key details of this program. 
 
Milestone will access the site via a lease road. The injection well facility is adjacent to an existing 
Milestone class II injection facility that handles oilfield liquid waste. Milestone does not anticipate any 
barriers to, or issues with, accessing the site to conduct monitoring activities. 

 
6.1.1 Quality Assurance Procedures [146.93] 
Section 13, Appendix C reflects Milestone’s QASP for testing and monitoring activities pursuant to 
the requirements in 40 CFR 146.90(k). This performance-based plan sets forth the procedures and 
guidelines the EPA will use in evaluating the technical performance of Milestone. Procedures for 
measurement of various sections of this document are found in Section 13 Appendix C – QASP. 
 
6.1.2 Reporting Requirement [146.91] 
Per the requirement of 40 CFR 146.91, Milestone will provide semi-annual reports to the UIC Director 
containing the following: 

1. Any changes to the physical, chemical and other relevant characteristics of the CO2 stream 
from what has been described in the proposed operating data (CO2 Specs - Section 3). 

2. Monthly average, maximum and minimum values of injection pressure, flow rate and volume, 
and annular pressure. 

3. Description of any event that exceeds operating parameters for annulus pressure or injection 
pressure as specified in the permit. 

4. Description of any event which triggers a shut-off device and the response taken plus any 
effect it had on the volume or mass of CO2 injected. 

5. Monthly volume and/or mass of the CO2 stream injected over the reporting period and the 
volume injected cumulatively over the life of the project and reporting period. 

6. Monthly annulus fluid volume added. 
7. Results of any monitoring as described in this section or under 40 CFR 146.90. 

 
In addition, reports will be submitted within thirty (30) days after the following events: 

1. Periodic tests of mechanical integrity. 
2. Any well workover. 
3. Any other test of the injection well conducted if required by the Director. 
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Reports will be submitted to the Director, within 24 hours of the following: 
1. Any evidence that the injected CO2 stream or associated pressure front may cause an 

endangerment to a USDW. 
2. Any noncompliance with a permit condition, or malfunction of the injection system, which may 

cause fluid migration into or between USDWs. 
3. Any triggering of a shut-off system, either downhole or at the surface. 
4. Any failure to maintain mechanical integrity. 
5. Any anomalous release of carbon dioxide to the atmosphere outside of normal engineering 

tolerances for operations. 
 
Notification will be made to the UIC Program Director, in writing, 30 days in advance of: 

1. Any planned workover. 
2. Any planned stimulation activities as defined in Section 7. 
3. Any other planned non-routine test of the injection well. 

 
All reports, submittals and notifications will be submitted to EPA UIC Program Director and or relevant 
state agencies in compliance with all applicable regulations. All records will be retained by Milestone 
throughout the life of the project and for ten (10) years following site closure. Data on the nature and 
composition of all injected fluids collected will be retained as well for ten (10) years after site closure. 
The records will be delivered to the Director after the retention period if required by the Director. 
Monitoring data as described in this Section will be retained for ten (10) years after it is collected. Well 
plugging reports, post-injection site care data and the site closure report itself will be retained for ten 
(10) years following site closure. Any records that the EPA UIC Program Director requires will be 
retained longer than 10 years after site closure. 
 
6.1.3 Testing Plan Review and Updates [146.90 (j) (1) (2) (3)] 
This testing and monitoring plan will be reviewed and updated to incorporate monitoring data collected 
as described at least once every five (5) years. An amended testing and monitoring plan will also be 
submitted within one year of an area of review re-evaluation, following any significant changes to the 
facility such as the addition of monitoring wells or newly permitted injection wells within the area of 
review; or as required by the Director (re-evaluation criteria found in Section 2). 

 
6.2 Continuous Recording of Operational Parameters [40 CFR 146.88(e)(1), 

146.89(b),146.90(b)] 
6.2.1 Continuous Monitoring of Injection Wells 
Milestone will install and use continuous measurement devices to monitor injection pressure, rate, 
and volume, the pressure on the annulus between the tubing and the long string casing, the annulus 
fluid volume added, and the temperature of the CO2 stream, as required under 40 CFR 146.88(e)(1), 
146.89(b), and 146.90(b) (Table 6-1) within the Injection Wells. 
 
Data interfaces will be created for equipment that is not linked directly to the SCADA system, to be 
integrated into a unique surveillance platform. In the monitoring program, the sensors, transducers 
and controllers will be connected in a central platform to monitor the operating conditions, set alarms 
for malfunction, and establish safety protocols in case of abnormal conditions. Alarms will additionally 
be set for pressures outside described tolerances which is generally 90% of fracture gradient, 
maximum permitted wellhead pressures, and changes in annular pressure and fluid volumes. The 
operating parameters, monitoring values, laboratory results, reports, and surveillance documents for 
the project will be stored in a central database to provide support for AoR reviews, QA programs, and 
reporting. 
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6.2.1.3 Injection Pressure  
Injection pressure will be monitored using wellhead and downhole pressure gauges. The injection well 
will be equipped with permanent downhole gauges above the packer (illustrated in Section 3) that will 
continuously monitor the injection pressure and annular pressure at that depth and transmit the data 
via a tubing encapsulated conductor (TEC) cable. The pressure gauges will continually monitor the 
injection pressure to ensure that it does not exceed 90% of the fracture gradient as required by 40 
CFR 146.88(a). Additionally, the Well will be equipped with a wellhead surface pressure logger to 
ensure the surface pressure remains below allowable wellhead pressures.  

6.2.1.4 Annular Pressure and Volume 
The annular pressure between the tubing and the injection casing strings and the annular fluid 
volumes also will be monitored on a continuous basis at gauges located in the wellhead and above 
the packer. The pressure gauge on the annulus will be tied into the SCADA system and set to alarm 
if pressure or volumes move outside set tolerances. 

6.2.1.5  Positive Annular Pressure 
Per 40 CFR 146.88(c), Milestone will maintain pressure in the annulus of at least 100 psi greater than 
the injection pressure. Milestone will fill the annulus with a non-corrosive fluid approved by the UIC 
Program Director. A system will be set up to maintain pressure in the Annulus using compressed non-
corrosive fluid or gas and it will be tied into the SCADA alarms if pressure drops below tolerances. 

6.2.1.6 Gas Composition 
Gas stream composition will be measured continuously upstream of the wellhead but after the last 
stage of compression in the pipeline. Milestone will employ a continuous gas analyzer device that 
meets the temperature, pressure and rate requirements of the project. This is discussed further in 
permit Section 6.12. 
 
6.3 Testing and Monitoring Techniques QA/QC [40 CFR 146.90(k)] 
6.3.1 Casing and Tubing Inspection Tools  
For mechanical integrity evaluation, Milestone will use Ultrasonic Casing Inspection Tool (USIT), 
Electromagnetic Pipe Examiner (EM Flux tool), Cement Bond Logs (CBL) and a MultiFinger caliper 
that evaluates the conditions of the tubulars and casing in the well and provides information about 
thickness, ovality, ruptures, potential corrosion, etc. Inner diameter restrictions of tubing will be 
considered when selecting logging tools. More information about these casing inspection tools may 
be located in Section 13 – Appendix C, the QASP. 
 
6.3.2 Pulsed-Neutron Logging 
Pulsed-neutron logging is considered a proven technique to detect gas saturation in reservoirs. 
Advances in technology have improved the accuracy of the tool to track the movement of the CO2 
plumes in the reservoir and evaluate flow conformance. Figure 6-1 illustrates time-lapse PNX log 
response in an example injection well after CO2 injection.  
 
The red area indicates CO2 replacing formation brine in the near wellbore region. It can be observed 
on the apparent neutron porosity (TNPH), the Sigma (SIGM) and especially on the fast neutron cross 
section (FNXS) log. Since the neutron log primarily responds to hydrogen, found in water, the gas 
displacing the water alters all these logs. 
 
In formations with CO2, or any gas, there is a reduction in the neutron capture rate because gas has 
a lower neutron absorption cross-section than water or oil. This results in fewer interactions with 
neutrons, and due to a change in spectrum the tool can detect the lower neutron capture response 
associated with gas as represented by the FNXS and Sigma log. (Figure 6-1) 
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Figure 6-1: Time lapse PNX log response (Laronga et al., 2023
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6.4 Corrosion Monitoring [40 CFR 146.90 (c)] 

To meet the requirements of [40 CFR 146.90(c)], Milestone will monitor the tubing and casing 
materials during the operation period for loss of mass, thickness, cracking, pitting, and other signs of 
corrosion to ensure that the well components meet the minimum standards for material strength and 
performance. Data will be reported semi-annually as part of the report described in Section 6.1.2 
 
6.4.1 Monitoring Location and Frequency 
Milestone will monitor corrosion using a corrosion coupon method and collect samples according to 
the description below. Milestone will examine the coupons quarterly. 
 
Milestone will measure temperature and strain on the fiber continuously using the DAS and DTS data 
acquired through the fiber installed in the cemented annulus behind the long string casing of the 
injection well. 40 CFR 146.89(c) requires that at least once per year the operator will run a 
temperature, noise or an oxygen activation log. The results of the DAS and DTS data will be 
interpreted, collated, and submitted to the EPA UIC Director at least twice per year (Semi-annually as 
part of the report in Section 6.1.2) in lieu of running one of the aforementioned wireline logs.  
 
Milestone will perform mechanical integrity logs (i.e., USIT, EM, CBL, Multifinger Caliper) every five 
(5) years. Inner diameter restrictions of tubing will be considered when selecting logging tools. If 
continuous well measurements indicate well integrity has been compromised, and the continuously 
recorded data cannot be used to determine the cause, Milestone will run wireline logs to further 
evaluate the cause of the mechanical integrity event in consultation with the EPA UIC Director. 
 
6.4.2 Coupon Sampling Methods 
Corrosion coupons, made of the same material as the production casing, wellhead and the injection 
tubing will be placed in the CO2 injection pipeline in a flow through pipe arrangement or testing loop 
downstream of all compression, dehydration, and pumping equipment to ensure the coupons are 
exposed to representative downhole conditions. The coupons will be removed quarterly and assessed 
for corrosion using American Society for Testing and Materials (ASTM) and Association for Materials 
Protection and Performance (AMPP) standards for evaluating corrosion tests. When the coupons are 
removed, they will be inspected visually for any signs of corrosion, including pitting. The weight and 
size of the coupons will be measured each time they are removed. The rate of corrosion will be 
calculated using a weight loss method where the rate equals the weight loss during the exposure 
period divided by the duration of the period. Data will be reported semi-annually. 
 
Coupon initial baseline and periodic measurements will follow the recommendations of AMPP NACE 
SP0775-2023 (included in Section 14 References and Section 13 Appendix C - QASP). A brief 
summary of those requirements is presented here.  
 
Coupons will be prepared from the material used to construct the injection well. A method of coupon 
preparation will be chosen that does not alter the properties of the metal. Grinding operations will be 
controlled to avoid high surface tensions/temperatures that could change the microstructure of the 
coupon. Coupons will be prepared by smooth grinding with 120 grit paper, by tumbling with loose grit, 
or blasting with abrasive blasting material. A consistent finish will be obtained by blasting with glass 
beads. All abrasives will be free of metallic particles. A permanent serial number will be etched or 
stamped on each coupon. Milestone will machine or polish the edges of the coupon to remove cold-
worked metal if the cold-worked edges adversely affect the data. Milestone will dry, measure length, 
measure width, measure thickness, and weigh the coupons to within ± 0.5 mg., record the mass, serial 
number, and exposed dimensions, calculate the surface area (including the edges) and record. The 
areas covered by the coupon holder and shielded areas of flush-mounted coupons will be excluded. 
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6.5 Above Confining Zone Water Monitoring [40 CFR 146.90 (d); 40 CFR 
146.82(a)(6)] 

Milestone will monitor groundwater quality and geochemical changes above the confining zone during 
the operation period to meet the requirements of [40 CFR 146.90(d)]. The purpose of the groundwater 
monitoring is to detect potential changes that may result from fluid leakage out of the injection unit. 
 
6.5.1 Location of In-zone Monitoring Wells 
Milestone will construct one (1) In-zone monitoring well near the edge of the projected AoR and oil 
and gas wells of interest such as JRS Farms 22. Details on these active oil and gas wells may be 
located within permit Section 1 and Section 2. Out of an abundance of caution, this will allow 
Milestone to monitor plume and pressure changes in proximity to active oil and gas wells even though 
the oil and gas wells are not within the AoR. Monitoring well locations are illustrated in Figure 6-2. 
 
6.5.2 Location of USDW Monitoring Wells 
Milestone will construct five (5) water wells that are co-located with near surface seismometers. The 
water-seismometer wells will be drilled in a grid pattern around the AoR with four (4) on the edges and 
one (1) in the approximate center.  
 
Since there is a substantial depth difference between the top of the aquifer and the USDW depth, 
Milestone will also construct one (1) USDW monitoring well, Wellbore Diagram is found in Section 3. 
In order to maximize detection, the Midland NSSW #5 will be located in the updip direction for the 
Edwards-Trinity (Plateau) aquifer (NW). Meanwhile, the Midland USDW #2 will be located in the updip 
direction of the Dockum aquifer (SW). More about aquifer structure is described in Section 1.4. 
 
Monitoring well locations are illustrated in Figure 6-2. 

  
Figure 6-2: Map of Monitoring wells in relation to Injection Wells 
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6.5.7 Laboratory Chain of Custody Procedures 
Water samples will be sent to a third-party commercial water testing laboratory. Standard chain-of-
custody procedures will be followed, and records will be maintained to allow a full reconstruction of 
how the samples were collected, stored and transported, including any problems encountered. 
 
6.5.8 Quality Assurance and Surveillance Measures [40 CFR 146.90(k)] 
Water samples will be sent to a third-party commercial water testing laboratory. Standard chain-of-
custody procedures will be followed, and records maintained to allow a full reconstruction of how the 
samples were collected, stored and transported, including any problems encountered. 

 
6.6 External Mechanical Integrity Testing [40 CFR 146.89, 40 CFR 146.90(e)] 

Continuous DAS and fiber strain data will be utilized to verify external mechanical integrity. Results of 
DAS and strain data will be interpreted, collated and submitted to the director at least once per year. 
DAS/strain data will be submitted in lieu of wireline logging. Wireline noise and temperature logging 
or oxygen activation logs will not be conducted unless a probable mechanical integrity leak is detected. 
The results of DAS/strain will demonstrate the absence of significant fluid movement into the USDW, 
and no significant leak in casing, tubing or packer as required by 40 CFR 146.89(a)(c) and 40 CFR 
146.90(e).  
 
Additionally, Milestone will utilize USIT, CIT, CBL and EM tools (casing inspection tools) at least once 
every five (5) years during the injection phase to verify mechanical integrity pursuant to 40 CFR 
146.89(d). Milestone will conduct casing inspection logging on both Injection Wells and In-Zone 
Monitoring Wells but not USDW or NSSW monitoring wells. 
 
Additionally Internal mechanical integrity of the injection wells will be demonstrated via a tubing-casing 
annulus pressure test prior to injection and at least once every five (5) years. Continuous annular 
pressure monitoring to satisfy 40 CFR 146.89(b) is described in Section 6.2. 
 
In conducting and evaluating the tests enumerated in this section or others to be allowed by the 
Director, Milestone will apply methods and standards generally accepted in the industry. When 
Milestone reports the results of mechanical integrity tests to the Director, it will include a description 
of the test(s) and the method(s) used when making evaluations per 40 CFR 146.89(f).  
 
6.7 Pressure Falloff Testing [40 CFR 146.90 (f)] 

Milestone will perform pressure falloff tests during the injection phase as described below to meet the 
requirements of [40 CFR 146.90(f)]. A pressure falloff test will be performed in the injection well prior 
to initiation of CO2 injection activities and at least once every five (5) years thereafter to demonstrate 
storage reservoir injectivity. The results of these tests will be reported to the UIC Division on Form 
UIC-5 within 30 days of the test. These tests will be used to measure formation properties near the 
injection well and to monitor for any changes in the near-well bore environment that may impact 
injectivity and increase pressures. 
 
6.7.1 Testing Method 
Prior to beginning the pressure falloff test, injection rate and pressure will be maintained as constant 
as possible, while continuously recorded. Upon shutting in the well, pressure measurements will be 
taken continuously through the use of at least two bottomhole pressure gauges, with one serving as 
a backup and for verification in cases of questionable data quality (see Section 3 for location of 
bottomhole permanent pressure gauges). The falloff period will continue until radial flow conditions 
are observed, as indicated by a straight line of pressure decay on a semi-log plot. 
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6.7.2 Analytical Methods 
Standard diagnostic log-log and semi-log plots will be generated with observed pressure changes 
and/or pressure derivative plots. The purpose of these tests is to determine specific near-wellbore 
conditions, such as well skin, the prevailing flow-regimes and hydraulic property and boundary 
conditions. Comparison of pressure falloff tests prior to beginning injection operations with those 
performed subsequently can indicate whether significant changes in the well or reservoir conditions 
have occurred. Analysis will consider the effects of two-phase flow effects, and parameters 
determined from the falloff test will be compared to those used in the site computational modeling and 
AoR determination. Any significant changes in reservoir properties may result in a reevaluation of the 
AoR (see Section 2-AoR Re-Evaluation Criteria). Results of the pressure fall of test will be reported 
to the UIC Division within 30 days of the test. 
 
6.7.3 Quality Assurance/Control  
All field equipment will be inspected and tested prior to use. Pressure gauges used in the falloff test 
will be calibrated in accordance with manufacturers’ recommendations and calibration certificates will 
be provided with the test results. The use of the second bottom-hole pressure gauge will further 
provide validation of the test results.  
 
6.8 Carbon Dioxide Plume and Pressure Front Tracking [40 CFR 146.90 (g)] 

Milestone will employ direct and indirect methods to track the extent of the carbon dioxide plume and 
the presence or absence of elevated pressure during the operation period to meet the requirements 
of [40 CFR 146.90(g)]. A summary of direct and indirect methods is found in Table 6-4. 
 
6.8.1 Direct Monitoring Methods  
To directly monitor and track the extent of the CO2 plume within the storage reservoir, the Injection 
Well and the In-zone Monitoring (IZM) well will be equipped with fiber optic cable cemented behind 
the annulus of the casing, (Section 3 - Well Schematics). The In-zone monitoring well will additionally 
be equipped with U-tube sampling systems.  Monitoring of the overlying interval can provide an early 
warning of out-of-zone migration of fluids, which provides sufficient time for the development and 
implementation of mitigation strategies to ensure these migrating fluids do not impact a USDW or 
reach the surface. 
 
The fiber optic sensing system installed within the Injection Wells will be used to acquire continuous 
high-resolution temperature (DTS) and acoustic data (DAS). The fiber optic sensing system in the 
Injection well will not cover the injection zone, only the Top Seal. Having the fiber along the Top Seal 
allows monitoring the integrity of the seal and CO2 leak behind the casing. 
 
The fiber optic system in the IZM wells will be used to acquire DTS and DAS data prior to injection as 
a baseline survey and yearly once (1) for the first two (2) years and every six (6) months from 3rd year 
onwards. DTS and DAS data from the IZM wells will be used to track CO2 plume and pressure front 
when it migrates to the IZM wells. This data provides both horizontal extent and vertical extent of the 
plume at the fiber well (see Section 6.9 Fiber Optic Monitoring Section for more information). 
 
Pulse Neutron Log (PNLs) of the injection and monitoring wells will also be performed at least once 
every five (5) years to demonstrate that fluids are not moving beyond the sealing formations. Pre-
operational baseline PNL data will be collected in the Injection and In-zone Monitoring wells. These 
time-lapse saturation data will be used to monitor for potential CO2 in the formation directly above the 
storage reservoir, utilizing data from both the Injection wells and In-Zone Monitoring wells as an 
assurance-monitoring technique.  
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6.8.2 Indirect Monitoring Methods 
Indirect monitoring methods will track the extent of the CO2 plume front and pressure front within the 
storage reservoir. The fractured nature of the injection interval renders traditional 4D seismic and 
Vertical Seismic Profiles (VSP) methods ineffective. Therefore, Milestone will forgo more traditional 
4D seismic methods in lieu of methods more suitable for fractured carbonates. Microseismic 
monitoring surveys and Electromagnetic surveys will be utilized to determine pressure and plume front 
respectively.  
 
At the conclusion of the injection phase of the project, the monitoring program will permit an 
assessment of the long-term containment and stability of the injected CO2 within the storage complex. 
This assessment is required to secure a certificate of project completion from EPA. To this end, 
monitoring of the storage complex will continue following the cessation of CO2 injection until it can be 
established that the injected CO2 plume is stable. 

6.8.2.1 Microseismic Surveys 
Milestone will conduct a microseismic survey at the start of injection for a maximum duration of three 
(3) months and then subsequently once every five (5) years for a maximum duration of one (1) month. 
Milestone will utilize existing near-surface seismometers and cemented DAS during the surveys. 
Milestone may also utilize additional temporary surface stations, and a temporary lowered vertical 
geophone array in one or both of the monitoring wells at the time of the survey if existing permanent 
equipment is not sufficient to detect and locate events. Milestone does not expect to see microseismic 
events induced from the injection wells at the start of injection. However, Milestone does expect to 
see events from offset oil and gas operations such as hydraulic fracturing of the overlying Wolfcamp 
and Spraberry formations (data supporting this is found Section 6.10.3). See Section 6.9 and 6.10 
for additional information on fiber optic monitoring and passive seismicity respectively. 

6.8.2.2 Controlled Source Electromagnetic Surveys 
Controlled-source electromagnetic (CSEM) method is a proven geophysical technique for exploration, 
production and monitoring of oil and gas resources and natural mineral deposits. In this remotely 
sensing method, usually a grounded electric bipole (via two electrodes) energizes the subsurface with 
an alternative current containing a variety of spectrum of frequency to produce time-varying electric 
and magnetic fields that can be measured on the earth’s surface. The measured electromagnetic (EM) 
data can be processed and interpreted to infer the information about the electric conductivity or its 
reciprocal resistivity of the subsurface (Figure 6-3). 
According to Archie’s law (G. Archie, 1942), the electrical resistivity of formation rocks is highly 
sensitive to changes in water/brine saturation (Sw). Consequently, this high sensitivity to Sw in a 
reservoir can be exploited by EM techniques.  Since electric resistivity is primarily a function of pore 
fluid rather than rock matrix, EM methods may have higher sensitivity in some cases than other 
geophysical methods, for example, the seismic method. EM methods have been shown to be effective 
in fractured reservoirs as they are often employed to track hydraulic fracturing of low porosity, low 
permeability formations. 
When CO2 is injected to the reservoir formation, assuming no hydrocarbons are present, the water 
saturation SW is directly related to the injected CO2 saturation by SW = 1 – SCO2. In terms of its EM 
effects, as illustrated in Figure 6-3, there are two consequences: increase the volume of the CO2 
plume and change the CO2 resistivity.  For example, if the CO2 saturation is 0.05 (or 5%), it will result 
in 10.8% change in CO2 resistivity, compared with the virgin formation resistivity  𝜌𝜌𝑓𝑓 . For a CO2 
saturation of 0.2 (or 20%), the resistivity will be changed by 56.3%. Indeed, EM response shows higher 
sensitivity to CO2 saturation. 
 



 
 

UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC 

South Midland Facility | Upton County, Texas 
 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

 Section 6: Testing & Monitoring Plan | page 17 of  28 

 
Figure 6-3: Schematic Example of EM survey 
CSEM survey of a horizontal hydraulically fractured well showing the detectors, transmitters and electric field 
produced during a CSEM survey 

 
Two orthogonal transmitter electrodes connected by a cable, are deployed on the surface, providing 
up to 200 kW power to energize the subsurface. To effectively suppress the noise and increase signal-
to-noise ratio, a unique pseudorandom current waveform is injected into the ground. A set of sensitive 
receivers are distributed on the survey area (the yellow dots) on a regular grid and can register the 
two orthogonal components of the electric field in both time and frequency domains (Figure 6-3). The 
scattered electric fields, which are the difference between the post-injection and pre-injection 
measurements, are sensitive to the conductivity or resistivity change in the injection zone. Therefore, 
by continuously measuring these field changes with time, the injected fluid or CO2 movement could 
be monitored through 3D EM forward modeling and inversion. 
 
Tx-Rx layout is displayed in Figure 6-4, where about 300 receivers are deployed in a circle of radius 
of 2,000 ft around the injection well.  Two orthogonal electric components will be picked up by these 
sensors, and the Rx spacing is about 300 ft. One of the transmitter electrodes is positioned close to 
the cased injection well, hoping enough EM energy will reach out to the injection zone of interest at 
depth of 12-14,000 ft.  The other transmitter electrode will be put 3,600 ft away from the injection well. 
We expect that using this Tx-Rx layout will cover the injection scenarios within 10 years of operation. 
Receiver density and spacing will be adjusted as the plume model and front evolves over time. 
 
Milestone will conduct a CSEM survey once before injection, then once at year one (1) after injection 
begins and finally subsequently once every five (5) years from the start of injection, until injection 
terminates. Each survey will utilize static and variable injection rates. Milestone will ramp up injection 
rates over a period of 12 hours while measuring the CSEM survey then measure for 12 hours of 
sustained constant rate. Measurements will be compared to petrel simulations of CO2 plumes. 
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Figure 6-4: Schematic Example of CSEM Survey Transmitter and Receiver spacing  

6.8.2.3 Ineffectiveness of Active Seismic Methods 
Milestone undertook forward modeling to test the negative hypothesis: CO2 injection would not alter 
the 3D seismic response.  Using Hampson Russel® Software, Milestone conducted fluid substitution 
using the Pegasus Field Unit #20-12 log (API#: 42-461-32586). Milestone simulated 1) initial 
conditions, where the injection interval is filled with reservoir brine; and, 2) fully saturated with injectate 
(60% CO2 saturation) and displayed them side-by-side to compare the endmembers (Figure 6-6). 
 
The fluid substitution forward model was generated using a wavelet that was extracted from the 2D 
seismic data.  It has a frequency content of 13 Hz to 37 Hz (Figure 6-5) in the deep stratigraphic 
section of Fusselman and Ellenburger.  Note that the maximum amplitude in the power spectrum 
occurs at 20 Hz, and that the amplitudes diminish from there to 37 Hz.  It was important to use this 
wavelet, as it represents the actual frequency distribution of the recorded seismic data in the area, 
rather than a hypothetical frequency distribution. The results were compared against a theoretical 
wavelet with 5-50 Hz and uniform frequency content as a baseline, but the result was the same. 
   

  
Figure 6-5: Wavelet and Power Spectrum Extracted from Seismic Dataset 
(Left) is the actual seismic data from the 2D lines in the area. (Right) is the theoretical wavelet with 5-50hz 
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6.9 Fiber Optic Monitoring 
Milestone will deploy a downhole fiber optic cable behind the casing in the Injection Well and the In-
Zone monitoring well. Each well will be equipped with a single cable containing five (5) fiber strings in 
three (3) tubes. There are three tubes inside the cable, each tube containing fibers for specific sensing 
technologies.   Among these, there will be (1) dedicated buffered single mode DSS fiber, two (2) will 
be single-mode (SM) fibers, while the remaining two (2) will be multi-mode (MM) fibers. One SM fiber 
will serve for both Distributed Acoustic Sensing (DAS), while one MM fiber will be designated for 
Distributed Temperature Sensing (DTS). The other two fibers will act as backups in the event of 
damage. In the event the dedicated DSS SM fiber is damaged, the SM fiber(s) will serve as backup. 
 
In the realm of distributed sensing technologies such as DAS, DSS and DTS, fiber optic serves as the 
fundamental medium for data collection and analysis. These systems employ fiber optic cables as 
distributed sensors, enabling the continuous monitoring of physical parameters such as acoustic 
signals, strain distribution, and temperature variations along the length of the fiber. In DAS, the fiber 
acts as a sensitive microphone, detecting acoustic disturbances through changes in backscattered 
light. DSS utilizes the fiber's intrinsic capability to measure strain by monitoring changes in its optical 
properties caused by mechanical deformation. Similarly, DTS relies on the fiber's sensitivity to 
temperature-induced changes in light signal transmission, allowing for precise temperature 
measurements along the entire length of the fiber. 
 
6.9.1 Distributed Acoustic Sensing (DAS) 
DAS data can be utilized for two applications. One is to monitor the microseismicity using the higher 
frequencies (> 10 Hz), called DAS Microseismic data and lower frequencies (< 0.1 Hz), also called 
low-frequency DAS (LF-DAS) data for strain monitoring.  

6.9.1.1 DAS Microseismic 
DAS microseismic data is very similar to geophone microseismic data with a difference being the 
number of components and number of sensors (array aperture). Downhole geophones have three 
components (perpendicular to each other) that are used to constrain the azimuth of the microseismic 
events, whereas fiber is equivalent to a single component (along the fiber cable) geophone. Because 
of its single component nature, there is an uncertainty in the azimuth of the events recorded by a 
single fiber cable. However, the uncertainty in the azimuth can be resolved in two scenarios. 

• Having DAS data acquired from multiple fiber wells: Milestone will have DAS data 
continuously acquired in two injection wells and periodically acquired in two monitoring wells. 

• Combine DAS data with downhole and/or surface geophones/seismometers: Milestone will 
have continuous fiber data from both injection wells and near surface 
seismometers/geophones. 

Combining the microseismic data from fiber(s) with near surface seismometers and/or downhole 
geophones will increase both precision and accuracy of microseismic event locations. 

6.9.1.2 DAS Strain (LF-DAS) 
DAS strain data serves various applications contingent upon the fiber's installation location, be it within 
an injection or offset monitoring well. It entails a near-field direct assessment of stress alterations in 
the rock encircling the fiber. Strain data acquired within the injection well is termed In-well Strain (IWS), 
while that obtained in the offset well is denoted as Cross-well Strain (CWS). 
 
CWS data serves to monitor the CO2 pressure front, plume, and any strain proximal to the fiber 
stemming from fracture dilation, pore pressure changes, or fracture openings and closures. Moreover, 
the monitoring well fiber can detect any CO2 leakage through its casing. Pre-injection CWS data 
establishes a baseline for strain and noise in the vicinity of the fiber. Deviations from this baseline 
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signal treated as an anomaly in the data, prompting a thorough analysis to ascertain the underlying 
causes. This analysis will include integration with other datasets to corroborate whether these 
anomalies indicate the migration of the CO2 pressure front or plume to the offset well, or if there is a 
CO2 leak through the casing, or any other potential causes. 
 
In the monitoring wells, baseline CWS data will be acquired for seven (7) days prior to the injection. 
Based on the CO2 dynamic reservoir simulation models, it will take approximately three (3) years for 
CO2 pressure front and seven (7) years for plume to migrate from CCS #2 to IZM #2 well. Post-
injection, CWS data will be acquired yearly once (1) for the first two years and every six (6) months 
from third year onward as it takes about 3 years for the CO2 pressure front to travel to the monitoring 
well from the injection well (Section 2). 
 
IWS data will be continuously acquired in the injection wells, commencing with pre-injection baseline 
measurements. Unlike CWS data, IWS strain will exhibit abnormal signals whenever injection starts 
and stops due to pressure and temperature fluctuations in the wellbore. If abnormal strain signals 
originate from the top and propagate downward over time, it suggests that the signal's source is at the 
wellhead, likely caused by CO2 entering the wellbore. Conversely, if the abnormal signal initiates from 
the bottom of the fiber and progresses upward with time, it indicates that the signal's source is at the 
bottom of the wellbore. This signal will undergo careful analysis by qualified experts to detect any 
potential CO2 leaks through the casing or tubing. 
 
In addition to direct DAS strain data, we will derive additional attributes, including Frequency Band 
Extracted (FBE) data across various frequency bands (1-10, 10-50, 50-200 Hz, etc.) and cumulative 
strain to aid in monitoring potential casing leaks, and a deeper comprehension of stress changes in 
proximity to the fiber. 
 
6.9.2 Distributed Strain Sensing (DSS) 
Distributed Strain Sensing (DSS) is another fiber technology that requires a special interrogator other 
than DAS interrogator. Both DAS and DSS measures strain on the fiber but using different scattering 
mechanisms. DAS works based on Rayleigh back scattering while DSS works on Brillouin back 
scattering. DSS measures absolute strain with high spatial resolution whereas DAS measures relative 
strain. DSS provides continuous measurements over long periods (timelapse measurements), making 
it suitable for static strain monitoring. DAS relies on the interaction between laser light and acoustic 
disturbances along the fiber. As a result, it is particularly effective in capturing dynamic strain events, 
such as microseismic events. 
  
Another distinction between DAS strain and DSS lies in the fiber requirement. DSS necessitates a 
tight-buffered single mode (SM) fiber cable to accurately detect mechanical strain changes. Milestone 
will deploy a dedicated DSS fiber cable within a separate tube. If the DSS cable is damaged, the SM 
DAS cable can serve as a backup, but the data quality may be poorer. The DSS cable does not have 
a backup line due to the buffering. 

6.9.3 Distributed Temperature Sensing (DTS) 
Distributed Temperature Sensing (DTS) technology offers precise measurements of absolute 
temperatures within and around the wellbore, employing a high spatial resolution of 1 meter and a 
temperature resolution of 0.01-degC. DTS utilizes a multi-mode (MM) fiber, distinguishing it from DAS 
and DSS, which utilize single-mode (SM) fiber. In injection wells, the fiber spans from the well's top to 
the bottom of the seal, and throughout the entire wellbore in monitoring wells, providing a 
comprehensive temperature profile over time, and used to monitor CO2 leaks and casing integrity. 
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Prior to commencing DTS recording, calibration occurs using known temperature measurements 
obtained either from the surface fiber or downhole temperature logs planned to run before injection 
commencement.  
 
For monitoring CO2 injection effects, pre-injection measurements establish the geothermal gradient 
within the wellbore, serving as baseline temperature. Any deviations from this baseline are deemed 
abnormal, potentially attributed to external factors such as CO2 ingress from the wellhead or leakage 
along the casing from the reservoir. 
 
Interpreting DTS data is straightforward. Temperature changes starting from the top of the fiber 
(typically the wellhead) and descending with time indicate CO2 movement from wellhead. Conversely, 
changes originating from the fiber's bottom suggest CO2 movement upwards, potentially through 
annuli or casing leaks. Abnormal temperature observations are cross-referenced with DAS strain and 
pressure gauge data installed in the annulus between casing and tubing. 
 
LF-DAS Strain data from DAS or DSS are influenced by both temperature and rock stress changes 
surrounding the fiber. To accurately identify stress changes, temperature effects are removed from 
the strain data. Establishing a temperature-strain relationship facilitates this removal, given the direct 
proportionality between temperature and strain. 

 
DTS data acquisition occurs at 5-minute intervals due to potential temperature stability over short 
durations. In injection wells, continuous DTS acquisition begins from the pre-injection baseline. In In-
zone monitoring wells, data is acquired pre-injection and annually for the initial two (2) years, 
transitioning to biannual acquisitions thereafter. 
 
6.9.4 Fiber Optic Data Retention 
Fiber optic data recording frequency, recording interval, storage and deletion schedule of raw and 
processed data is presented in Table 6-5. It should be noted that raw fiber data will be kept for only 
one year due to the massive amount of data that is expected to be generated. Processed data will be 
retained for 10 years.  
 
Data will be overwritten on a rolling basis. This retention strategy of raw and processed data is 
designed to align with the reporting schedule in Section 6.1 to give the EPA UIC director and 
Milestone both time to respond to any anomalous fiber optic readings. It is expected that results from 
the processed data will answer nearly any historical questions. 
 
It is expected that with the sampling frequency in Table 6-5, the interrogators will generate over 80 
terabytes (TB) of raw data in the one-year retention timeframe. 
 
Fiber optic cables generate significant data volumes due to their ability to perform high-resolution, 
continuous, and distributed sensing over long distances. They collect data at high frequencies and 
with fine spatial resolution, sometimes down to one meter (3.28 feet) or less. This results in numerous 
data points, as each segment of the cable acts as an individual sensor across potentially miles of 
infrastructure. Additionally, fiber optic systems can measure various parameters—such as 
temperature, strain, and pressure—simultaneously, contributing to the overall data load. When 
monitored continuously over extended periods, often years, the data generated becomes immense, 
requiring advanced storage, processing, and analysis to provide insights into subsurface conditions, 
optimize production, and maintain operational safety. Once the data is processed, any insights are 
likely to come from the processed data. It would take an extraordinary event or error in processing 
workflow to have to go back to the raw data and reprocess it. Milestone will keep the raw data for 1 
year to account for the chance such an error or event occurs. 
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Figure 6-7: Forward Modeled Magnitude of Completeness 
(Left) Map View of average magnitude of completeness at all depths, (Right) Cross Section views from N-S 
and E-W showing magnitude of completeness at depth, NS Wells = NSSW wells. Midland CCS2 in center 

 
Figure 6-8: Forward Modeled Vertical and Horizontal Uncertainty for Earthquake Hypocenter 
(Left) Vertical Uncertainty of Earthquake Hypocenters, (Right) Horizontal Uncertainty of Earthquake 
Hypocenters, NS Wells = NSSW wells. Midland CCS2 in center 
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Figure 6-9: Map of Existing Texnet Detectors at time of application and Earthquakes Since 1/1/2017 

6.10.2 Downhole Fiber (DAS Microseismic) 
Fiber installed in the injection wells will continuously gather Distributed Acoustic Sensing (DAS) data 
to monitor induced seismicity. However, due to sensitivity limitations, the fiber can only detect events 
with a moment magnitude of +0.5 or higher. Any event detected by both the fiber and surface and 
near surface stations above magnitude 2.5 will undergo co-location to enhance depth accuracy. 
Conversely, if an event is detected solely by one of the downhole fibers, it will carry a 360-degree 
uncertainty in location azimuth, attributable to the single-component nature of the fiber. This azimuth 
uncertainty can be reduced if the event is recorded by multiple fiber wells. 
6.10.3 Downhole Geophones (Microseismic) 
Both near-surface seismometers and downhole fiber have limitations on detecting small magnitude 
events. Based on the previous experiences at Carbon Capture and Storage (CCS) sites, such as Shell 
Quest facility in Canada, it typically takes several years for induced seismicity, if any, to occur, usually 
within the basement (Briam et al., 2023). As depicted in Figure 6-10, seismicity distribution at the 
Shell Quest CCS facility indicates that most of the seismic events occurred after 2 years of injection 
initiation. Continuous monitoring of seismic activity using fiber optics and surface stations allows us to 
discern seismicity trends. In the event of heightened seismic activity, Milestone will deploy a 
retrievable geophone array in one or both monitoring wells. The depth of the geophone array will be 
determined based on observed seismicity from the fiber optics and surface stations. This measure 
aids in detecting any small-magnitude events (Mw ≥ -0.8) induced by injection and monitors the 
integrity of the Top Seal. 



 
 

UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC 

South Midland Facility | Upton County, Texas 
 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

 Section 6: Testing & Monitoring Plan | page 26 of  28 

 
Figure 6-10: Seismicity distribution over time from Shell Quest facility (modified after Braim et al., 2023) 
 

6.11 Soil Gas Monitoring / Other Testing and Monitoring [40 CFR 146.90 (h)] 
Surface and near-surface environments will be monitored within the delineated AoR via groundwater 
wells (see Section 6.5) and vadose zone soil gas-sampling prior to CO2 injection and during the 
injection phase of the project.  
 
Milestone will test the soil for changes in CO2 concentration. Six (6) soil gas profile stations will be 
installed: One at each of the Midland NSSW Wells (#1-#5) and one at the Midland IZM #1. The Midland 
NSSW #5 is within 100 ft laterally of the Injection Well. Baseline soil gas analyses will be provided to 
EPA prior to CO2 injection operations.  Once injection commences, soil gas will be measured at least 
once annually. 
 
Milestone will amend the monitoring frequency and spatial distribution of surface air monitoring and/or 
soil gas monitoring using baseline data, and the amended monitoring plan will describe how the 
proposed monitoring will yield useful information on the area of review delineation and/or compliance 
with standards under 40 CFR 144.12. An amended soil gas monitoring or surface air monitoring plan 
will be submitted to the EPA UIC Director within 90 days of receipt of baseline samples. 
 
6.12 Carbon Dioxide Stream Analysis [40 CFR 146.90(a)]  
Milestone will analyze the CO2 stream during the operation period to yield data representative of its 
chemical and physical characteristics and to meet the requirements of 40 CFR 146.90(a).  
 
Milestone will analyze the CO2 stream continuously using a continuous gas analysis device after the 
last stage of compression but before the wellhead. Milestone will employ a device that meets the 
temperature, pressure and rate requirements of the project. This could include any of the following but 
is not limited to the following: photometry-based methods, laser-based methods, gas chromatography, 
mass spectrometry or other suitable devices selected by the surface engineering team. The 
continuous gas analysis device will record data at least once every five (5) seconds and store data at 
least once every five (5) minutes. 
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6.13 Data Validation of All Processes [16 Texas Statewide Rule §5.203 (a)(4)] 
In accordance with Statewide Rule §5.203(a)(4), Milestone affirms that all descriptive reports included 
in this application have been prepared by qualified and knowledgeable professionals with relevant 
expertise in subsurface characterization and engineering standards. All future reports to be submitted 
to the director, as described in Section 6.1.2, will similarly be prepared by qualified and 
knowledgeable professionals with relevant expertise.  
 
6.13.1 Professional Seals and Qualified Experts 
Where appropriate and required, the reports have been signed and sealed by either a professional 
geologist (P.G) or professional engineer (P.E.). It is Milestone’s understanding that in the state of 
Texas, there is unfortunately no legal definition of a professional log analyst. Therefore, where 
documents are required to be prepared by a professional log analyst, a professional geologist (P.G.) 
instead has prepared the documents and reports. It should be noted that the P.G. who supervised the 
work contained in this permit is a longstanding member of the Society of Petrophysicists and Well Log 
Analysts (SPWLA) and has previously served on the board of directors of the aforementioned society. 
 
This work has been conducted as required under Occupations Code, Chapter 1001, relating to Texas 
Engineering Practice Act, or Chapter 1002, relating to Texas Geoscientists Practice Act, respectively, 
a licensed professional engineer or geoscientist has conducted the geologic and hydrologic 
evaluations required in this permit and has affixed the appropriate seal on the resulting reports of such 
evaluations. 
 
6.13.2 QASP Additional description 
As required, a comprehensive Quality Assurance and Surveillance Plan (QASP) has been included in 
Section 13- Appendix C, outlining procedures for validating analytical laboratory data and calibrating 
field instruments. The QASP also provides a detailed explanation of the sampling methodologies and 
data acquisition techniques employed to ensure accuracy, reliability, and consistency throughout the 
project. Documentation of data validation and verification protocols is enclosed to demonstrate the 
integrity and rigor of the testing and monitoring program. 
 
6.13.3 Data Validation and Verification 
To the extent this information is not provided elsewhere in the application, it is hereby submitted in 
response to the requirements of Statewide Rule §5.203(a)(4). Milestone has established procedures 
for laboratory data validation and verification, including the use of standard reference materials, 
duplicate sample analysis, and method blanks to ensure accuracy and precision. Field instruments 
such as pressure gauges, flow meters, and multi-parameter water quality sondes are subject to routine 
calibration against NIST-traceable standards. Sampling and data acquisition protocols follow EPA 
SW-846 and ASTM guidelines, with chain-of-custody documentation maintained throughout all 
sample handling. All logging tools will be calibrated at the base and in the field prior to measurement. 
Logs will have a repeat pass to ensure data verification. Fiber-optic cables will be regularly tested for 
changes in signal to noise ratios, return loss and attenuation as well as drift over time.  
 
These measures collectively ensure the reliability, traceability, and scientific defensibility of all 
collected data, consistent with the requirements of Rule §5.203(a)(4). 
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8.3 Plugging Procedures 
Notification, regulatory and plugging procedures will include:  
 
8.3.1 Pre-Plugging Activities 

1) In compliance with 40 CFR 146.92(c) and 16 TAC §5.203(k), notify the regulatory agency at 
least 60 days before plugging the well and provide updated plugging plan, if applicable. 

2) Bottomhole reservoir pressure will be measured using downhole pressure gauges 
permanently installed behind the production casing.  

3) External mechanical integrity will be demonstrated with temperature, noise or oxygen 
activation logging.  

4) Mechanical Integrity of the tubing-casing annulus will be demonstrated by pressure testing, as 
described in Section 6.  

5) The wellbore will be flushed with a kill weight buffer fluid, 9 ppg minimum, prior to pulling the 
tubing and packer. Minimum of three (3) tubing volumes.  

6) The tubing and packer will be removed. A packer milling and retrieval bottomhole assembly 
will be run to mill the packer slips and pull the packer assembly. 

7) Casing inspection and cement bond logs will be performed prior to plugging. Log evaluation 
will determine if revision to the plugging procedure is necessary. 

8) In compliance with 16 TAC §5.203(k), file a notice of intention to plug and abandon (Form W-
3A) a well with the RRC at least five (5) days prior to the beginning of plugging operations. 

  
8.3.2 Plugging Activities 

1) Run and position workstring at 12,200 feet and pump a 1,649-foot balanced corrosion resistant 
cement plug from TD to the Devonian top from 13,849 feet to 12,200 feet. 

2) Wait on cement, tag and pressure test the corrosion resistant cement plug. 
a. If the cement plug is tagged deeper than planned, an additional corrosion resistant 

cement plug will be set up to 12,200 feet. 
3) Pull out of hole and make up a corrosion resistant bridge plug. 
4) Run CRA bridge plug and set with workstring in the Woodford shale at 12,160 feet. 

a. Tag and pressure test bridge plug. 
5) Position workstring to bridge plug at 12,160 feet and pump a 300-foot corrosion resistant 

cement plug across the Woodford from 12,160 feet to 11,860 feet. 
6) Wait on cement, tag and pressure test the corrosion resistant cement plug.  

a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 
will be set up to 11,860 feet. 

7) Position workstring at 11,603 feet and pump a 200-foot balanced corrosion resistant cement 
plug across the Atoka top from 11,603 feet to 11,403 feet. 

8) Wait on cement, tag and pressure test the cement plug.  
a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 

will be set up to 11,403 feet. 
9) Position workstring at 10,945 feet and pump a 200-foot balanced cement plug across the 

Strawn top from 10,945 feet to 10,745 feet. 
10) Wait on cement, tag and pressure test the cement plug.  

a. If the plug is tagged deeper than planned, an additional cement plug will be set up to 
10,745 feet. 

11) Position workstring at 9,224’ and pump a 324-foot balanced corrosion resistant cement plug 
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across the Wolfcamp top and across the intermediate casing shoe from 9,224 feet to 8,900 
feet. 

12) Wait on cement, tag and pressure test the cement plug.  
a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 

will be set up to 8,900 feet. 
13) Position workstring at 7,671 feet and pump a 200-foot corrosion resistant cement plug across 

the Sprayberry from 7,671 feet to 7,471 feet. 
14) Wait on cement, tag and pressure test the cement plug.  

a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 
will be set up to 7,471 feet. 

15) Position workstring at 4,220 feet and pump a 200-foot balanced corrosion resistant cement 
plug across the San Andres top from 4,220 feet to 4,020 feet. 

16) Wait on cement, tag and pressure test the cement plug.  
a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 

will be set up to 4,020 feet. 
17) Pull out of hole and make up a cast iron bridge plug. 
18) Run cast iron bridge plug and set with workstring at 1,350 feet. 

a. Tag and pressure test bridge plug. 
19) Pump a 50-foot corrosion resistant cement plug across the surface casing shoe and USDW 

from 1,300 feet to 1,250 feet. 
20) Wait on cement, tag and pressure test the cement plug. 

a. If the cement plug is tagged deeper than planned, an additional corrosion resistant 
cement plug will be set up to 1,250 feet. 

21) Position workstring at 400 feet and pump a 100-foot cement plug 400 feet to 300 feet. 
22) Wait on cement, tag and pressure test the cement plug.  

a. If the plug is tagged deeper than planned, an additional cement plug will be set up to 
300 feet. 

23) Pump a 100-foot balanced corrosion resistant cement plug from 100 feet to surface. 
24) Cut and cap casing 3 feet to 4 feet below ground level. 

 
A certified plugging report will be submitted to the UIC Program Director within 60 days after plugging 
pursuant to 40 CFR §146.91(e). The plugging report will be retained for 10 years following site closure.   
 
8.4 Plug Information 
The CRA bridge plug, 22CR/25CR or equivalent, and all corrosion resistant cement will be compatible 
with the injection stream and downhole conditions. The corrosion resistant cement blend, and required 
certification documents, will be submitted with the final plugging procedure. The operator will report 
cement densities and retain samples of the cement used for each plug. For all cement plugs, 0% 
excess will be used to ensure isolation is achieved. All cement plugs, except the top plug, shall have 
sufficient slurry volume to fill 100 feet of hole, plus 10% for each 1k feet of depth from the ground 
surface to the bottom of the plug. Milestone is currently evaluating CO2 resistant cement from the 
industry’s leading suppliers, Halliburton and SLB.  ThermaLock is an option from Halliburton. 
EverCrete and Ecoshield are two (2) options from SLB. All the cement solutions have been thoroughly 
tested and are designed to maintain reliable corrosion resistant properties throughout the life of an 
injection or monitoring well exposed to CO2. The products listed above are all rated for the temperature 
and pressure ranges of the injection and monitoring wells. They will provide long lasting zonal 
isolation. 
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ThermaLock is a non-Portland based cement that is a specially formulated calcium aluminate 
phosphate system which gives it resistant properties to CO2 corrosion.  
 
Evercrete has long been the reliable workhorse for CO2 injection wells. Its low permeability allows it 
to withstand corrosive effects of supercritical CO2 and has self-healing properties if a fracture is 
formed. Ecoshield is a geopolymer cement free system that provides an alternative to Portland cement 
while delivering comparable performance. EcoShield system matches the rheology, thickening time, 
and compressive strength properties of Portland cement-based systems. The technology fits within 
standard oilfield cementing workflows without major changes to the design process, onsite execution, 
or post-job evaluation. 
 
This is an evolving science, and Milestone will continue evaluating the most suitable corrosion 
resistant cement product for the proposed well plugging. Cement and cement additives will be 
compatible with the injectate stream and formation fluids and of sufficient quality and quantity to 
maintain integrity over the design life of the geologic sequestration project. 
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Figure 8-1: Midland CCS #2 Well Plugging Schematic 
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10.0 EMERGENCY AND REMEDIAL RESPONSE PLAN (ERRP) [40 CFR 
146.82(a)(19), 146.94(a)] 

This Emergency and Remedial Response Plan (ERRP) for the Well is provided to meet the 
requirements of 40 CFR 146.94(a). The comprehensive plan describes potential adverse events that 
could occur in the development, operation and post-closure phases of the project and the actions to 
be taken in the unlikely event of such an emergency at the South Midland Facility or within the 
identified AoR. The ERRP describes the potential affected resources, lists entities and individuals to 
be notified, and provides actions to be taken expeditiously to mitigate any emergency and protect 
human health and safety of the environment, including USDWs.  
 
This plan describes actions that Milestone will take in the event of an emergency that could endanger 
any USDW within the AoR during construction, operation, or post-injection site care. Such events may 
include unplanned CO2 release or detection of unexpected subsurface movement of CO2 or fluids in 
or from the injection zone.  
 
If Milestone obtains evidence that the injected CO2 stream and/or associated pressure front may 
cause an endangerment to a USDW, Milestone will perform the following actions: 
 

1) Initiate shutdown plan for the injection well. 
2) Take all steps reasonably necessary to identify and characterize any release. 
3) Notify the permitting agency (UIC Program Director) of the emergency event within 24 hours. 
4) Implement applicable portions of the approved ERRP. 

 
Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 

Milestone will immediately cease injection. However, given the high injection pressures, 
supercritical fluid within the wellbore, and high injection rates, Milestone will, in consultation 
with the UIC Program Director, determine appropriate pre-planned shut-down procedures that 
allow for safe shutdown of the well and associated mid-stream infrastructure that does not 
endanger human health, equipment, or the environment. 

 
10.1 Local Resources and Infrastructure in AoR  
10.1.1 Description of Project Area 
The Facility is located in the near the city of Midkiff, which is an unincorporated desert village in 
northeastern Upton County, Texas, United States. It lies along Farm-to-Market (FM) 2401 and FM 
3095 north of the city of Rankin, the county seat of Upton County, and is primarily an agricultural and 
petroleum-related community with a total population of 780 and 21 businesses.  
 
The closest highly populated area is Midland, Texas which is about 45 miles northwest of the Facility 
(Figure 10-1). However, there are a large number of oilfield related structures in the vicinity. 
 
There are over 53 identified structures within the AOR. These buildings are utilized for either 
residential, oil and gas, industrial, or agricultural use. There are four (4) inhabited commercial 
structures, two (2) temporary oil and gas office buildings, the Burritos Rey Restaurant and the 
Milestone Energy Waste Facility. There are two (2) residential houses within the AoR. One (1) is a 
temporary trailer house on the southern end of the AoR and one (1) is a permanent structure on the 
northeast side of the AoR. The permanent house north of the Milestone Midland Facility has 
associated barns and storage buildings. There are one-hundred-sixty-eight (168) total structures 
within a 2-mi radius of the injection well. (Figure 10-2) 
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Figure 10-3: “Did you Feel It” Internet-based Macroseismic Intensity Map for Upton County 
Data is Cumulative from the year 2001 to present. DYFI polygon at the well location has a max decimal intensity of 3.1 

10.2.6.1 Did you Feel It Analysis 
The “Did You Feel It” (DYFI) internet-based macroseismic intensity map in Figure 10-3 shows the 
proposed injection well location has a value of M3.1. This supports Milestone’s proposed seismicity 
operational states alert status of M2.5-3.0 (orange) and higher response categories of M3.0+ 
(magenta) and M3.5+ (red). Given that there have been events in the M2.0-M2.5 (Yellow) range 
historically, this will permit the Milestone site to continue to operate if baseline seismicity occurs, but 
not if elevated levels of seismicity begin to happen. Milestone selected these ranges based on the 
observed DYFI reports in the area for the last twenty-four (24) years in addition to other historical 
seismicity data. Please review historical seismicity sections of permit Section 1 and Section 6 for 
additional information. 
 
10.3 Response Personnel and Equipment 
Equipment needed in the event of an emergency and remedial response will vary, depending on the 
triggering emergency event. Response actions (e.g., cessation of injection, well shut-in, etc.) will 
generally not require specialized equipment to implement. Where specialized equipment (such as a 
drilling rig or logging equipment) is required, Milestone will be responsible for its procurement. 
 
Milestone health and safety professionals will make appropriate emergency response equipment 
available for probable events, this may include the following: SCBA breathing equipment, electric 
vehicles, personal CO2 monitors and other personal protective equipment. 
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10.4 Emergency Communication Plan 
As appropriate, if related to health and safety, Milestone’s director of health 
and safety, , or if environmentally related, Milestone’s Vice 
President of Sustainability and Communications,  will 
communicate with the public and first responders regarding events that require 
an emergency response, including the impact of the event on drinking water, 
potential atmospheric releases or the severity of the event, actions taken or 
planned, etc. Milestone’s manager of Regulatory and Environmental 
Compliance, , will communicate with EPA Region 6, 
TCEQ and RRC officials regarding regulatory matters. 
 
Milestone will also communicate with other entities who may need to be informed about or take action 
in response to the event, including local water systems, CO2 source(s) and pipeline operators, 
landowners, Oil and Gas Operators and Regional Response Teams (as part of the National Response 
Team).  
 
Additionally, prior to the commencement of CO2 injection operations, Milestone, via Milestone’s Sr. 
Land Manager,  will communicate in writing with landowners residing/living 
adjacent to the storage site to provide a summary of the information contained within this ERRP, 
including but not limited to information about the nature of the operations, size of the AoR, hazards 
and characteristics of injectate, operator contact list, potential risks, and possible response 
approaches. 
 
An emergency contact list (Table 10-9) will be maintained during the life of the project and posted at 
all Milestone Carbon facilities. In the unlikely occurrence of an emergency event, the director of 
operations or a field superintendent will immediately start the contact list and ensure that responsible, 
essential Milestone and local emergency personnel are contacted. The operator’s designated 
personnel will handle all event communications with the public. A list of contractors (Table 10-10) will 
be maintained during the life of the project. 
 
The appropriate amount of information, timing, and communications method(s) will be based upon the 
circumstances and severity of the event, which may include, but are not limited to: 

1) Event description and location. 
2) Event investigation process and response status (e.g., actions taken). 
3) Whether there is any known impact to the drinking water, surface atmospheric release of CO2 

or other environmental impacts 
4) Any known injury to person or property or probable risk to person or property. 

 
For protracted responses (e.g., passive monitoring or ongoing cleanups), the project will provide 
periodic updates on the progress of the response action(s). Site personnel, project personnel, and 
local authorities will be relied upon to implement this ERRP. Site personnel to be notified (not listed in 
order of notification):  
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10.5 Plan Review [40 CFR 146.94(d)] 
This ERRP will be reviewed and updated at least once every five (5) years. Any amendments to the 
plan will be approved by the UIC Program Director and will be incorporated into the permit. This plan 
will also be reviewed and re-submitted to the UIC Program Director given the following: 

• Within one (1) year of an AoR re-evaluation 
• Following any significant changes to the facility, such as addition of injection or monitoring 

wells, on a schedule determined by UIC Program Director 
• Change in key personnel 
• Or when required by the UIC Program Director. 

If the review indicates that no amendments to the ERRP are necessary, Milestone will provide the UIC 
Program Director with the documentation supporting the “no amendment necessary” determination. If 
the review indicates that amendments to the ERRP are necessary, amendments shall be made and 
submitted to the UIC Program Director within sixty (60) days following an event that initiates the ERRP 
review procedure. 

10.6 Staff Training and Exercise Procedures 
Personnel responsible for implementing this ERRP will be trained in their duties and responsibilities 
during annual onsite and/or table-top training exercises. All Milestone personnel, visitors, and 
contractors must attend an overview orientation before obtaining permission to enter any of the 
facilities. A refresher course on this training will be required annually.  
 
Before starting CO2 injection operations, Milestone will provide a copy of the ERRP to local first 
responders and discuss potential response scenarios. Milestone will proactively work with local first 
responders to determine appropriate procedures in the event of an emergency event including 
removing the public from the affected area or controlling access to the site. These procedures will 
include the use of specialty equipment. The Milestone incident commander will work with first 
responders on the scene to direct what responses are required on location, e.g. fire suppression, 
evacuation of injured personnel, access to the location. 

10.7 Site Security and Access Control 
Milestone will control access to the well facilities and any associated surface infrastructure such as 
SCADA control panels or surface pumps. A fence will be built around the site with locked gates. All 
panels that do not contain emergency stops will be locked. 
 
Security cameras and motion detectors will be installed at the facility to alert Milestone personnel of 
any unauthorized activity. These will be monitored 24/7 by a commercial alarm company that operates 
in the area. There will be Milestone staff on site 24/7 at the Milestone Environmental services office. 

10.8 Resume Operations [40 CFR 146.94(c)] 
If the injection wells are shut-in or suspended for an emergency event, after all events have been 
declared resolved, Milestone will restart injection operations after demonstrating the injection 
operations will not endanger the underground sources of drinking water (USDW).  
 
If remediation is required Milestone will submit a remediation plan within (30) thirty days of such notice 
from the UIC Director. This plan will include follow-up monitoring and testing regarding the emergency 
event.  
 
Milestone will submit a notice of intent to resume injection to the Director at least five (5) business 
days before injection is to resume if there are no remaining events and no endangerment of USDW. 
Injection operations will only resume upon receipt of written authorization of the UIC Program Director. 
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9.0 POST-INJECTION SITE CARE & SITE CLOSURE PLAN [40 CFR 
146.82(a)(17), 146.93(a)] 

This Post-Injection Site Care and Site Closure (PISC) plan describes the activities that Milestone, the 
operator of South Midland Facility, will perform to meet the requirements of 40 CFR 146.93. Milestone 
will monitor groundwater quality and track the position of the CO2 plume and pressure front for 50 
years. Furthermore, Milestone may not cease post-injection monitoring until a demonstration of non-
endangerment of USDWs has been approved by the UIC Program Director pursuant to 40 CFR 
146.93(b) (3). Following approval for site closure, Milestone will plug all monitoring wells and submit 
a Site Closure Report and associated documentation. 
 
Please note - Milestone is not applying for an Alternative Post Site Injection Care Timeline. 
 
9.1 Pre- and Post-Injection Pressure Differential [40 CFR 146.93(a)(2)(i)] 
The formation pressure at the Injection Well is predicted to decline rapidly within the first four (4) years 
following cessation of injection. Based on the modeling of the pressure front as part of the AoR 
delineation, pressure is expected to decrease to less than 135 psi above pre-injection levels by the 
end of the PISC (50-year) timeframe.  
The maximum predicted injection pressure differential in the wellbore over the life of the project is 
1,812 psi over pre-injection levels. The maximum predicted injection pressure differential in the 
reservoir is 1,594 psi over pre-injection levels. Both pressures occur within one (1) year after the start 
of injection, likely due to relative permeability effects. Additional information on the projected post-
injection pressure declines and differentials is presented in the plume modeling and the Area of 
Review and Corrective Action Plan, Sections 2. 
 

9.2 CO2 Plume and Associated Pressure Front at Site Closure [40 CFR 
146.93(a)(2)(ii)] 

Figure 9-1 shows the predicted extent of the plume and pressure front at the end of the 50-year PISC 
timeframe (model year-2089), representing the maximum extent of the plume and pressure front. This 
map is based on the final AoR delineation modeling results, pursuant to 40 CFR 146.84. 
 
9.3 Post-Injection Monitoring Plan [40 CFR 146.93(a)(2)(iii)] 
Performing groundwater quality monitoring and plume and pressure front tracking as described in the 
following sections during the post-injection phase will meet the requirements of 40 CFR 146.93(b)(1). 
The results of all post-injection phase testing and monitoring will be submitted annually, within 60 days 
of the anniversary date of the date on which injection ceases, as described under “Schedule for 
Submitting Post-Injection Monitoring Results,” herein. 
 
Groundwater monitoring will be conducted using the NSSW #1-5, USDW #2 and IZM #2 monitoring 
wells, as well as the Well. The NSSW wells penetrate the Edwards-Trinity Plateau aquifer at 
approximately 250 feet. The USDW #2 is a shallow monitoring well that targets the deepest recorded 
USDW zone, the Dockum aquifer base, located approximately 1,250 feet below the surface. The IZM 
#2 is a deep In-Zone Monitoring Well that penetrates to the Siluro-Devonian and Ellenburger. All of 
the monitoring wells are located on Milestone leasehold near roads, so access to the monitoring wells 
will be guaranteed.  
 
A description of direct and indirect monitoring is covered in Section 6. A quality assurance and 
surveillance plan (QASP) for all testing and monitoring activities during the injection and post injection 
phases is provided in the Appendix C to the Testing and Monitoring Plan. 
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Figure 9-1: Map of the predicted extent of the CO2 plume 50 years post-closure 
Map of the predicted extent of the CO2 plume at site of closure 50 years after the cessation of injection model 
year 2089. 

9.4 Monitoring Above Confining Zone [40 CFR 146.93(a)(2)(iii)] 
9.4.1 Ground Water Testing Frequency 
Tables 9-1 and 9-2 present the planned direct and indirect monitoring methods, locations, and 
frequencies for monitoring of groundwater quality and geochemical changes above the confining zone, 
in USDW zone, and Pennsylvanian section after injection ceases. Figure 9-2 shows the locations of 
the monitoring wells. Continuous monitoring data will be measured at 5-second frequency and recorded 
at 5-minute intervals unless otherwise specified.  
 
As noted in Section 6, the Midland USDW #2 and Midland NSSW #1-5 will be installed with pH and 
electrical conductivity (EC) water probes for continuous measurement of these properties.  
 
Water sampling and analysis will occur at the end of injection and then annually thereafter until year 10 
when sampling and analysis will transition to every five (5) years. Sampling and monitoring will occur 
up to 45 days before the anniversary date of cessation of injection or alternatively scheduled with the 
prior approval of the UIC Program Director.  
 
Logging surveys will occur within 45 days before the anniversary date of cessation of injection or 
alternatively scheduled with the prior approval of the UIC Program Director.  
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9.5 Carbon Dioxide Plume and Pressure Front Tracking [40 CFR 
146.93(a)(2)(iii)] 

9.5.1 Direct and Indirect Monitoring of Plume and Pressure 
Milestone will employ direct and indirect methods to track the extent of the carbon dioxide plume and 
the presence or absence of elevated pressure. Table 9-4 presents the direct and indirect methods to 
monitor the CO2 plume after injection ceases, including the activities, locations, and frequencies to be 
employed. Table 9-6 presents the direct and indirect methods used to monitor CO2 pressure after 
injection ceases.  
 
Direct methods that Milestone will employ are water sampling from the two (2) U-tube systems within 
the injection interval of the In-Zone Monitoring well. Milestone will sample the Midland CCS #2 and if 
it is not plugged via a U-tube sampling system lowered on wireline. Milestone will sample the injection 
interval annually for the first ten (10) years then every five (5) years thereafter. The parameters to be 
analyzed as part of fluid sampling (and associated analytical methods) are presented in Table 9-5. 
Milestone will also employ fiber-optic cable measuring DTS and DAS/DSS to monitor for leakage and 
pressure directly from the CCS #2 and IZM #2. Milestone will measure DTS continuously and 
DAS/DSS annually for the first ten (10) years, then every five (5) years thereafter or until the fiberoptic 
cable fails. The expected lifetime of fiberoptic cable is only approximately 15-20 years from installation 
during construction. 
 
Indirect monitoring activities will include pulse neutron logging, electromagnetic (CSEM) surveys, 
Microseismic surveys, passive seismicity and computational modeling. See permit Section 6 for more 
discussion on these techniques. Milestone will undertake pulse neutron logging annually for the first 
ten (10) years post injection cessation, then transition to every five (5) years thereafter. Milestone will 
conduct geophysical surveys in year 1, then in years that are prime numbers, years 2,3,5,7 and then 
discontinue thereafter. 
 
Geophysical surveys may include one or more of the following surface-based indirect measurements:  

• Electromagnetic (CSEM) surveys 
• Passive Microseismic Surveys 
• Other geophysical techniques developed by Milestone during the injection period that have 

been shown to be effective at indirectly measuring plume and pressure fronts. 
 
Fluid sampling and wireline logging will occur within 45 days before the anniversary date of cessation 
of injection or alternatively scheduled with the prior approval of the UIC Program Director. 
Geophysical surveys will be performed in the 4th quarter before, or the 1st quarter of, the calendar 
year shown or alternatively scheduled with the prior approval of the UIC Program Director.  
 
Passive seismic monitoring using five (5) near surface seismic stations (NSSW Wells) to detect local 
events over M 1.0 within the AoR will be measured by Milestone after injection ceases. Passive 
seismic data will be monitored continuously at 200 Hz, 5 millisecond frequency. Seismicity data will 
be reported annually unless an event of 2.5 or greater occurs within 10km of the injection wells.  
 
Following the end of injection, the plume is expected to grow slightly as CO2 rises with gravity. 
Computational modelling throughout the injection period calibrated by recorded data and history 
matching the injection rates and pressures will be used to further predict the movement of the plume. 
The CO2 plume measured by geophysical surveys will be integrated into the post-injection dynamic 
modeling to validate the predicted rate of change in the plume size. Modeling will be updated after 
new surface geophysical measurements are made. 
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Figure 9-4: Predicted extent of the CO2 plume – year 2041 
Map of the predicted extent of the CO2 plume and pressure front relative to monitoring locations 3 years after 
cessation of injection – modeled year 2041. 

 
Figure 9-5: Predicted extent of the CO2 plume - est. year 2045 
Map of the predicted extent of the CO2 plume and pressure front relative to monitoring locations at the end of 8 
years after the cessation of injection – estimated year 2045 
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Figure 9-6: Predicted extent of the CO2 plume - est. year 2055 (site closure) 
Map of the predicted extent of the CO2 plume and pressure front relative to monitoring locations at the end of 
18 years after the cessation of injection (predicted time of site closure) – estimated year 2055 

 
Figure 9-7: Predicted extent of the CO2 plume – est. year 2089 – End of PISC Period 
Map of the predicted extent of the CO2 plume and pressure front relative to monitoring locations 50 years after 
the cessation of injection – estimated year 2089 
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9.5.3 Pressure and Phase Predictions 
Predicted pressure profiles at the surface and bottomhole pressure at the injection wells for 50 years 
after the cessation of injection are shown in Figures 9-8. The bottomhole pressure reference depth is 
at the top of the injection interval. The predicted amount of CO2 in the mobile gas, trapped gas, and 
dissolved (aqueous) phases for 50 years after the cessation of injection is in Figure 9-9. The maximum 
incremental well bottomhole pressure in the reservoir for the Midland CCS #2 is 1,598 psi. The 
pressure decays rapidly to less than 200 psi above the initial pressure within 5 years of the end of 
injection. Initial pressure for the Midland CCS #2 is 5,491 psi in the reservoir at the top of the Injection 
interval. 

 
Figure 9-8: Predicted pressure profile from start-up until 50 years after cessation of injection 

 
Figure 9-9: Predicted phase distribution from start-up until 50 years after cessation of injection 
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9.6 Schedule for Submitting Post-Injection Monitoring Results [40 CFR 
146.93(a)(2)(iv)] 

Results of the latest monitoring data will be submitted annually within 60 days of the anniversary date 
of the cessation of injection.  Any amendments to the post site injection care and monitoring plan will 
be submitted and if approved by the UIC Program Director, will be incorporated into the permit. This 
plan will also be reviewed and submitted to the UIC Program Director within six months of an area of 
review evaluation event (see Section 2), any significant emergency event (see Section 10), following 
any significant changes to the facility, such as addition of injection or monitoring wells; changes in 
injection rate; or when required by the UIC Program Director. From years 10 to 50 after cessation of 
injection, reporting frequency will decrease to every 5 years if no anomalous activity has been detected 
within the preceding 10 years. 
 
If the review indicates that no amendments to the post site care plan or monitoring strategy are 
necessary, Milestone will provide the permitting agency with the documentation supporting the “no 
amendment necessary” determination at least annually within 60 days of the anniversary of the date 
of cessation of injection.  
 
9.7 Duration of Post Site Injection Care and Alternative Post-Injection Site 

Care Timeframe [40 CFR 146.93(a)(2)(v)] 
Milestone is not applying for an alternative post-injection site care timeframe at this time. The duration 
of the post site injection care (PISC) will be 50 years from the cessation of injection operations. 
 
9.8 Non-Endangerment Demonstration Criteria [40 CFR 146.93(b)] 
Prior to approval of the end of the post-injection phase, Milestone will submit a demonstration of non-
endangerment of USDWs to the UIC Program Director, per 40 CFR 146.93(b)(2) and (3). The owner 
or operator will issue a report to the UIC Program Director. This report will make a demonstration of 
USDW non-endangerment based on the evaluation of the site monitoring data used in conjunction 
with the project’s computational model. The report will detail how the non-endangerment 
demonstration evaluation uses site-specific conditions to confirm and demonstrate non-
endangerment. The report will include all relevant monitoring data and interpretations upon which the 
non-endangerment demonstration is based, model documentation and all supporting data, and any 
other information necessary for the UIC Program Director to review the analysis. The report will include 
the following sections: 

9.8.1 Introduction and Overview 
A summary of relevant background information will be provided, including the operational history of 
the injection project, the date of the non-endangerment demonstration relative to the post-injection 
period outlined in this PISC and Site Closure Plan, and a general overview of how monitoring and 
modeling results will be used together to support a demonstration of USDW non-endangerment. 

9.8.2 Summary of Existing Monitoring Data 
A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan of this permit and this PISC and Site Closure Plan, including data collected during 
the injection and post-injection phases of the project, will be submitted to help demonstrate non-
endangerment. Data submittals will be in a format acceptable to the UIC Program Director 40 CFR 
146.91(e), and will include a narrative explanation of monitoring activities, including the dates of all 
monitoring events, changes to the monitoring program over time, and an explanation of all 
monitoring infrastructure that has existed at the site. Data will be compared with baseline data 
collected during site characterization 40 CFR 146.82(a)(6) and 146.87(d)(3). 
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9.8.3 Computational Modeling Calibration and Validation 
A series of data sources detailed in Section 6 will be used to update the computational model at 
least once every 5 years, if not more frequently. The following measured data will be utilized to 
update the computational model to demonstrate non-endangerment: 

• Temperature and pressure data 
• Pulse Neutron Logging 
• Geophysical Surveys 
• Injection surface pressure and downhole pressure 

The procedure used to reevaluate the AoR will be based upon the data collected between 
reevaluations and the well conditions at the time of reevaluation. Post Injection data will include 
historical injection rates, pressures, pressure fall-off, historical operational parameters of the Midland 
CCS #2 Well that will inform the dynamic model. History matching the dynamic model to measured 
data, where recorded data is used as an input to the dynamic model and the input parameters adjusted 
to match the recorded pressures will be performed by Milestone. By history matching the recorded 
data, calibration and validation of the model to recorded data will be established. History matching the 
Midland CCS #2 Well, and any offset injection at the Davidson Unit #1 saltwater disposal (SWD), Clay 
Henry SWD, Midkiff #1 SWD and any new SWD wells, will continue to inform the dynamic simulation. 

9.8.4 Evaluation of Reservoir Pressure 
The extent of the pressure front will be evaluated using surface and bottomhole pressure gauges from 
the injection well, and In-zone monitoring well. Reported pressures from the offset SWD wells that are 
reported to the RRC will also be utilized. This information will be history matched in the dynamic model 
at least once every 5 years, and more frequently if there is major disagreement. If no valid solution 
can be found, Milestone may perform additional testing to attempt to reconcile measured vs modeled 
data. 
 
9.8.5 Evaluation of Carbon Dioxide Plume 
Remote sensing techniques detailed in Section 6 will be used to monitor the aerial and vertical 
extent of the CO2 plume. These may include the following: 

• Temperature and pressure data 
• Pulse Neutron Logging 
• EM Surveys 
• Microseismic 

This information will be compared to the model predictions to attempt to match modeled pressure, gas 
saturation and vertical/aerial extent to measured values. 
 
9.8.6 Evaluation of Emergencies or Other Events 
Water testing noted in Section 6 will be used to demonstrate that USDWs are not impacted by 
injection activities. Deviation from water measurements taken by Milestone prior to the start of injection 
will indicate that the USDW is potentially being impacted. Seasonal variation will be considered when 
analyzing for deviation. 
 
Artificial penetrations of the reservoir are noted in Section 1. There are zero artificial penetrations of 
the injection interval within the AoR. If any subsequent artificial penetrations are discovered, they will 
be remediated with proper CRA material and soil testing as detailed in permit Section 6 and 
subsequent testing will be performed annually to verify no leakages within the hypothetical plugged 
wellbores. 
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9.9 Site Closure Plan [146.93 (d) – (h)] 
Milestone will conduct site closure activities to meet the requirements of 40 CFR 146.93(e) as 
described herein. Milestone will submit a final Site Closure Plan and notify the permitting agency at 
least 120 days prior to its intent to close the site. Once the permitting agency has approved closure of 
the site, Milestone will plug the all the monitoring wells to restore the site and move out all equipment; 
and submit a site closure report to the UIC Program Director. The activities, as described below, 
represent the planned activities. The actual site closure plan may employ different methods and 
procedures. A final site closure plan will be submitted to the UIC Program Director for approval with 
the notification of the intent to close the site. 
  
9.9.1 Plugging Monitoring Well(s) 
Plugging of the injection well will be completed in accordance with procedures in Section 8. Plugging 
of the in-zone monitoring and USDW monitoring wells will be conducted according to procedures 
herein.  
 
After injection in the injection well ceases and after the appropriate post-injection monitoring period is 
complete, the in-zone monitoring and USDW monitoring wells will be plugged and abandoned to meet 
the requirements at 40 CFR 146.92 and all state and local regulations. The plugging procedure and 
materials will be designed to prevent any unwanted fluid movement and to protect any USDWs. Prior 
to plugging the wells, any necessary procedural revisions to address new information will be submitted 
to the UIC Program Director for review and approval. The final plugging plans will be submitted to the 
UIC Program Director no later than 60 days prior to plugging of the wells. 
 
Following receipt of the approved plugging plans, the wells will be wireline logged, and pressure tested 
to ensure mechanical integrity. If a loss of mechanical integrity is discovered, it will be repaired prior 
to proceeding with plugging operations. The plugging procedures are presented herein. All casing in 
these wells will be cemented to surface at the time of construction and will not be retrievable at 
abandonment. A combination of bridge plugs and cement plugs will be set to plug the wells.  
 
All casing strings will be cut at least three (3) feet below ground level. A steel plate, with the required 
permit information, will be welded to the top of the casing. 
 
9.9.2 Plugging the In-Zone Monitoring Well 
Notification, regulatory and plugging procedures will include: 

9.9.2.1 Pre-Plugging Activities 

1) In compliance with 40 CFR 146.92(c), notify the regulatory agency at least 60 days before 
plugging the well and provide updated plugging plan, if applicable. 

2) Bottomhole reservoir pressure will be measured using the downhole pressure gauge. 
3) Retrieve downhole pressure gauge and geophone. 
4) External mechanical integrity will be demonstrated with temperature, noise or oxygen 

activation logging.  
5) Casing inspection and cement bond logs will be performed prior to plugging. Log evaluation 

will determine if revision to the plugging procedure is necessary. 
6) The wellbore will be displaced with a kill weight fluid, 9 ppg minimum. 
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9.9.2.2 Plugging Activities 

1) Position workstring at 13,780 feet and pump a 1,580-foot balanced corrosion resistant cement plug from 
TD to 12,205 feet. 

2) Wait on cement, tag and pressure test the corrosion resistant cement plug. 
3) If the corrosion resistant cement plug is tagged deeper than planned, an additional cement plug will be 

set up to 12,205 feet. 
DELETED 4, 5, 6 
4) Pull out of hole and make up a corrosion resistant bridge plug. 
5) Run CRA bridge plug and set with workstring in the Woodford shale at 12,160 feet. 

a. Tag and pressure test bridge plug. 
6) Position workstring to bridge plug at 12,160 feet and pump a 300-foot corrosion resistant cement plug 

across the Woodford from 12,160 feet to 11,860 feet. 
7) Wait on cement, tag and pressure test the corrosion resistant cement plug.  

a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 
set up to 11,860 feet. 

8) Position workstring at 11,551 feet and pump a 200-foot balanced corrosion resistant cement plug across 
the Atoka top from 11,551 feet to 11,351 feet. 

9) Wait on cement, tag and pressure test the cement plug. 
10) If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 

set up to 11,351 feet. 
11) Position workstring at 10,891 feet and pump a 200-foot balanced corrosion resistant cement plug across 

the Strawn top from 10,891 feet to 10,691 feet. 
12) Wait on cement, tag and pressure test the cement plug. 
13) If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 

set up to 10,691 feet. 
14) Position workstring at 9,192 feet and pump a 200-foot balanced corrosion resistant cement plug across 

the Wolfcamp top and intermediate casing shoe from 9,192 feet to ,900 feet. 
15) Position workstring at 7,700 feet and pump a 200-foot balanced corrosion resistant cement plug across 

the Sprayberry top from 7,700 feet to 7,500 feet. 
16) Wait on cement, tag and pressure test the cement plug. 
17) If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 

set up to 7,500 feet. 
18) Position workstring at 4,208 feet and pump a 200-foot balanced corrosion resistant cement plug across 

the San Andres top from 4,208 feet to 4,008 feet. 
19) Wait on cement, tag and pressure test the cement plug. 
20) If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 

set up to 4,008 feet. 
21) Pull out of hole and make up a corrosion resistant bridge plug. 
22) Run CRA bridge plug and set with workstring at 1,350 feet. 

a. Tag and pressure test bridge plug. 
23) Pump a 50-foot corrosion resistant cement plug across the surface casing shoe and USDW from 1,300 

ft to 1,250 feet. 
24) Wait on cement, tag and pressure test the cement plug. 

a. If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug 
will be set up to 1,250 feet. 

25) Position workstring at 400 feet and pump a 100-foot balanced corrosion resistant cement plug from 400 
feet to 300 feet. 

26) Wait on cement, tag and pressure test the cement plug. 
27) If the cement plug is tagged deeper than planned, an additional corrosion resistant cement plug will be 

set up to 300 feet. 
28) Pump a 100’ balanced corrosion resistant cement plug from 100 feet to surface. 
29) Cut and cap casing 3 to 4 feet below ground level. 
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A certified plugging report will be submitted to the UIC Director within 60 days after plugging pursuant to 40 CFR 
§146.91(e). The plugging report will be retained for 10 years following site closure.  Also note that a complete 
well plugging record (Form W-3), pursuant to 16 TAC §5.203, will be filed within 30 days after plugging to the 
appropriate TRRC District Office. 

9.9.2.3 Plug Information 

The operator will report cement densities and retain duplicate samples of the cement used for each 
plug. For all cement plugs, 0% excess will be used. All cement plugs, except the top plug, shall have 
sufficient slurry volume to fill 100 feet of hole, plus 10% for each 1k feet of depth from the ground 
surface to the bottom of the plug. Milestone is currently evaluating CO2 resistant cement from the 
industry’s leading suppliers, Halliburton and SLB.  ThermaLock is an option from Halliburton. 
EverCrete and Ecoshield are two (2) options from SLB. All the cement solutions have been thoroughly 
tested and are designed to maintain reliable corrosion resistant properties throughout the life of an 
injection or monitoring well exposed to CO2. The products listed above are all rated for the temperature 
and pressure ranges of the injection and monitoring wells. They will provide long lasting zonal 
isolation. 
 
ThermaLock is a non-Portland based cement that is a specially formulated calcium aluminate 
phosphate system which gives it resistant properties to CO2 corrosion.  
 
Evercrete has long been the reliable workhorse for CO2 injection wells. Its low permeability allows it 
to withstand corrosive effects of supercritical CO2 and has self-healing properties if a fracture is 
formed. Ecoshield is a geopolymer cement free system that provides an alternative to Portland cement 
while delivering comparable performance. EcoShield system matches the rheology, thickening time, 
and compressive strength properties of Portland cement-based systems. The technology fits within 
standard oilfield cementing workflows without major changes to the design process, onsite execution, 
or post-job evaluation. 
 
This is an evolving science, and Milestone will continue evaluating the most suitable corrosion 
resistant cement product for the proposed well plugging. Cement and cement additives will be 
compatible with the injectate stream and formation fluids and of sufficient quality and quantity to 
maintain integrity over the design life of the geologic sequestration project. 
Table 9-7 and Figure 9-10 present details for each plug and the proposed plugging schematic, 
respectively. 
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Figure 9-10: Representative Plugging Schematic In-Zone Monitoring Well 
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9.9.3 Plugging the USDW Well(s) 
Notification, regulatory and plugging procedures will include: 

9.9.3.1 Pre-Plugging Activities 

1) In compliance with 40 CFR 146.92(c), notify the regulatory agency at least 60 days before 
plugging the well and provide updated plugging plan, if applicable. 

2) External mechanical integrity will be demonstrated with temperature, noise or oxygen 
activation logging.  

3) Casing inspection and cement bond logs will be performed prior to plugging. Log evaluation 
will determine if revision to the plugging procedure is necessary. 

9.9.3.2 Plugging Activities 

1) Make up and run corrosion resistant bridge plug and set with workstring above perforations at 
1,000 feet. 

a. Tag and pressure test bridge plug. 
2) Pump a 20’ corrosion resistant cement plug above bridge plug from 1,000 to 980 feet. 
3) Wait on cement, tag and pressure test the cement plug.  

a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 
will be set up to 980 feet. 

4) Position workstring at 400 feet and pump a 100-ft balanced corrosion resistant cement plug 
from 400 feet to 300 teet. 

5) Wait on cement, tag and pressure test the cement plug. 
a. If the plug is tagged deeper than planned, an additional corrosion resistant cement plug 

will be set up to 300 feet. 
6) Position workstring at 100 feet and pump a 100-ft balanced corrosion resistant cement plug 

from 100 feet to surface. 
7) Cut and cap casing 3 to 4 ft below ground level. 

 
A certified plugging report will be submitted to the UIC Director within 60 days after plugging pursuant 
to 40 CFR §146.91(e). The plugging report will be retained for 10 years following site closure.  Also 
note that a complete well plugging record (Form W-3), pursuant to 16 TAC §5.203, will be filed within 
30 days after plugging to the appropriate TRRC District Office. 

9.9.3.3 Plug Information 

The operator will report cement densities and retain duplicate samples of the cement used for each 
plug. For all cement plugs, 20% excess will be used to ensure isolation is achieved. All cement plugs, 
except the top plug, shall have sufficient slurry volume to fill 100 feet of hole, plus 10% for each 1k 
feet of depth from the ground surface to the bottom of the plug. Milestone is currently evaluating CO2 
resistant cement from the industry’s leading suppliers, Halliburton and SLB.  ThermaLock is an option 
from Halliburton. EverCrete and Ecoshield are two (2) options from SLB. All the cement solutions have 
been thoroughly tested and are designed to maintain reliable corrosion resistant properties throughout 
the life of an injection or monitoring well exposed to CO2. The products listed above are all rated for 
the temperature and pressure ranges of the injection and monitoring wells. They will provide long 
lasting zonal isolation. 
 
ThermaLock is a non-Portland based cement that is a specially formulated calcium aluminate 
phosphate system which gives it resistant properties to CO2 corrosion.  
 
Evercrete has long been the reliable workhorse for CO2 injection wells. Its low permeability allows it 
to withstand corrosive effects of supercritical CO2 and has self-healing properties if a fracture is 
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Figure 9-11: Representative Plugging schematic – USDW Monitoring Well 
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9.9.4 Plugging the Near Surface Seismometer-Water (NSSW) Wells  
If the near surface seismometer water wells (NSSW) wells are still serviceable and the seismicity 
equipment still useful, the wells will not be plugged at the completion of the project. Instead, they will 
be assigned to the landowner or TexNet for their private use.  
 
If the landowner or TexNet declines to take ownership of the NSSW wells. The wells will be plugged 
according to the following procedure found in TCEQ Regulatory Guidance, Texas Groundwater 
Protection Committee, RG-347, Rev. April 2021, “Landowner’s Guide to Plugging and Abandoned 
Wells.” Figure 9-12 illustrates the details of the proposed plugging. 
 
9.9.4.1 NSSW Plugging Activities 

1) Milestone will hire a water well drilling company licensed and bonded in the state of Texas 
2) Water level will be measured to calculate proper mixtures of disinfection and plugging 

materials 
3) Well will be disinfected with bleach to ensure microorganisms are not sealed in the aquifer 
4) As much casing as possible will be removed from the wells 
5) Using a tremie tube, the well will be pressure filled with a Bentonite grout and then capped 

with a cement cap at least two (2) feet thick and within four (4) feet of the ground surface. It 
will then be topped off with native soils 

6) A report will be submitted to the TCEQ - Department of Licensing and Regulation. 
7) TLDR Plugging report form WWD004N will be submitted to the TLDR 

a. Within the Plugging report form the licensed water well driller will certify the plugging 
of the well in section D. Milestone’s licensed contractor will use an updated form if one 
is available at that time. 

 

 
Figure 9-12: Approximate Plugging schematic – NSSW Monitoring Well (Source: TCEQ) 
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9.9.5 Planned Remedial/Site Restoration Activities [146.93 (a)] 
To restore the site to its pre-injection condition following site closure, Milestone will be guided by the 
State rules for plug and abandonment of wells located on leased property under TCEQ Regulatory 
Guidance, Texas Groundwater Protection Committee, RG-347, Rev. April 2021, “Landowner’s Guide 
to Plugging and Abandoned Wells.”  
 
The following steps will be taken: 

1) The free liquid fraction of the plugging fluid waste, which may consist of produced water and/or 
crude oil, shall be removed from the pit and disposed of in accordance with state and federal 
regulations (e.g., injection or in above ground tanks or containers pending disposal) prior to 
restoration. The remaining plugging fluid wastes shall be disposed of by injection in Milestone 
Environmental Services (MES) owned/operated slurry site or if solids, MES owned/operated 
landfill. 

2) All plugging pits shall be filled and leveled in a manner that allows the site to be returned to 
original use with no subsidence or leakage of fluids, and where applicable, with sufficient 
compaction to support farm machinery. 

3) All drilling and production equipment, machinery, and equipment debris shall be removed from 
the site. 

4) Casing shall be cut off at least four (4) feet below the surface of the ground, and a steel plate 
welded on the casing or a mushroomed cap of cement approximately one (1) foot in thickness 
shall be placed over the casing so that the top of the cap is at least three (3) feet below ground 
level. 

5) Any drilling rat holes shall be filled with cement to no lower than four (4) feet, and no higher 
than three (3) feet, below ground level. 

6) The well site and all excavations, holes and pits shall be filled, and the surface leveled. 
 
9.9.6 Site Closure Report [146.93(a)(2)(iii)] 
A site closure report will be prepared and submitted within 90 days following site closure, documenting 
the following: 

• Plugging of the Midland IZM #2 and USDW #2 monitoring wells (and the injection well if it has 
not previously been plugged), 

• Location of sealed injection well on a plat of survey that has been submitted to the local zoning 
authority, 

• Notifications to State and local authorities as required at 40 CFR 146.93(f)(2), 
• Records regarding the nature, composition, and volume of the injected CO2, and 
• Post-injection monitoring records. 

 

Milestone will record a notation to the property’s deed on which the injection well was located that will 
indicate the following: 

• That the property was used for carbon dioxide sequestration, 
• The name of the local agency to which a plat of survey with injection well location was 

submitted, 
• The volume of fluid injected, 
• The formation into which the fluid was injected, and 
• The period over which the injection occurred. 

 
The site closure report will be submitted to the permitting agency and maintained by the operator for 
a period of 10 years following site closure. Additionally, the operator will maintain the records collected 
during the PISC period for a period of 10 years after which these records will be delivered to the UIC 
Program Director. 
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9.10 Quality Assurance and Surveillance Plan (QASP) 
The primary goal of the testing and monitoring plan (Section 6) of this storage facility permit 
application is to ensure that the geologic storage project is operating as permitted and is not 
endangering USDWs. In compliance with applicable Texas statewide rules regarding Testing and 
Monitoring Requirements, this quality assurance and surveillance plan (QASP) – Section 13 
Appendix C was developed and is provided as part of the testing and monitoring plan. 
 
Appendix C reflects Milestone’s Quality 
Assurance Surveillance Plan (QASP) for 
testing and monitoring activities is pursuant to 
the requirements listed in 40 CFR §146.90(k), 
146.93(c)(2)(i) and §146.93(c)(2)(vii) 
addressed in detail in Milestone permit 
application Sections 6 and Section 9. This 
performance-based plan sets forth the 
procedures and guidelines the Environmental 
Protection Agency (EPA) will use in 
evaluating the technical performance of 
Milestone. The operating plans for the 
proposed Well will include a robust testing 
and monitoring program. Milestone will report 
the results of all testing and monitoring 
activities to EPA in compliance with the 
requirements under 40 CFR 146.91.  
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11.0  FINANCIAL ASSURANCE DEMONSTRATION PLAN (FADP) [CFR 
146.82(a)(14) and 146.85; 16 Texas Admin Code § 5.205] 

Milestone is providing financial responsibility (Financial Assurance or FA) pursuant to 40 CFR 146.85 
and 16 Texas Admin Code § 5.205 and proposes the use of a Surety Bond to cover the costs of: 
corrective action, emergency and remedial response, injection well plugging, post-injection site care, 
routine monitoring/reporting activities, and site closure. In compliance with 40 CFR 146.85(a)(4) and 
Texas Statewide Rule 5.205 (c)(2)(D)(iii), these instruments will provide that they may not be cancelled 
or terminated except due to failure to make payment and, in such event, the cancellation or termination 
may not be final until 120 days after receipt of cancellation or termination notice mailed to Milestone 
and the permitting authority. All cost estimates were generated by an independent third party, 
Petrotek, of Littleton, Colorado.  
 
11.1 Independent Third-Party Cost Estimation [CFR 146.85 (C) (1); 16 Texas Admin 

Code § 5.205 (C)(2)(C)] 
Milestone contracted an independent third-party professional engineering firm to perform all cost 
estimates, Petrotek, of Littleton, Colorado. Petrotek employs professional engineers licensed in the 
state of Texas 
The cost estimate was performed for each phase separately and was based on the costs required for 
the regulatory agency to hire a third party to perform the required activities. Petrotek is not within the 
corporate structure of Milestone. 
Petrotek, on Milestone’s behalf, provides a tabular detailed written estimate, in current dollars, of the 
cost necessary to perform corrective action on wells in the area of review, plugging of injection wells, 
post-injection monitoring and closure of the facility, and emergency and remedial response that shows 
all assumptions and calculations used to develop the estimate. 
Petrotek employs qualified professional engineers licensed by the State of Texas, as required under 
Occupations Code, Chapter 1001, relating to Texas Engineering Practice Act, and has prepared or 
supervised the preparation of a written estimate under seal of the highest likely amount necessary to 
close the geologic storage facility. Included in the FA appendix is a separate letter that seals the 
estimate as required under 16 Texas Admin Code § 5.205 (C)(2)(C)(ii). 
 
11.2 Approach to Meeting Financial Assurance Requirements  
Milestone will secure a surety bond to meet FA requirements for any corrective action, injection well 
plugging, post-injection site care, site closure, and emergency and remedial response activities.  
 
Milestone will secure a surety bond necessary to perform corrective action, emergency and remedial 
response/remedial action, post-injection monitoring and site care, and closure of the geologic storage 
facility, including plugging of injection or monitoring wells at any time during the permit term in 
accordance with all applicable EPA regulations, Texas state laws, Railroad Commission rules and 
orders, and the permit.  
 
If there are any remaining components required for financial assurance demonstration, these will also 
be secured by a Surety Bond and/or by Letter of Credit. A standby trust will be established for the 
surety company to make payments. 
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11.2.1 Financial Mechanism: Surety Bond 
To satisfy its financial responsibility obligations for corrective action, injection well plugging, post 
injection site care, site closure, emergency and remedial response activities and, other than items 
covered by Surety Bond as described herein, Milestone will secure either a payment or performance 
bond using the forms – Section 13 Appendix J. The bond will be issued by a surety company that 
meets the requirements of 40 CFR 146.85(a)(6)(ii). It is understood that should Milestone fail to meet 
the requirements specified in the bond; the surety company is liable for the costs. Milestone will also 
establish a standby trust into which the surety company will make payments if Milestone fails to comply 
with its financial responsibilities. The trust agreement form (Section 13 Appendix J) will be used to 
establish the standby trust.  Money deposited into the trust fund established by standby trust can then 
be used to pay a third party to perform corrective action, closure/post-closure activities and emergency 
and remedial response. 
 

Milestone may use one of the following two types of bonds to meet the financial assurance 
requirements: 
 

1. Payment Bond - guarantees that if the owner/operator fails to pay for corrective action, 
injection well plugging, post injection site care and site closure, and/or emergency and 
remedial response, the surety company will pay the costs into the fund established by the 
standby trust. 

2. Performance Bond - guarantees that if the owner/operator fails to perform all the required 
corrective action, injection well plugging, post injection site care and site closure, and/or 
emergency and remedial response activities, the surety company will either perform the 
required activities or pay sufficient funds into the fund established by standby trust. 

The issuer of any geologic storage facility bond filed in satisfaction of the requirements of this 
subsection will be a corporate surety authorized to do business in Texas. The form of bond filed under 
this subsection will provide that the bond be renewed and continued in effect until the conditions of 
the bond have been met or its release is authorized by the director. 
In case it is unclear, the bond amount will be the composite p90 of the total FA distribution. 

11.3 Corrective Action Plan 
The detailed AoR and Correction Action Plan are located in Section 2 of this permit application. 
Milestone has determined that there are zero (0) wells in the proposed AoR for which corrective action 
is required prior to, or during, the course of this project operation or post-closure period. However, in 
the event wells within the AoR are determined to require correction action, Milestone will demonstrate 
its financial responsibility for such actions by including the projected costs in the surety bond to be 
provided as set forth in Section 11.2.1. The AoR will be re-evaluated every five (5) years to determine 
if any new penetrations have occurred and whether such penetrations require corrective action.  
 
Even though there are zero (0) wells within the AoR that penetrate the Injection Interval or Top Seal 
and require corrective action, there are ongoing monitoring activities that require cost estimation. 
Milestone has assigned a cost to monitoring future permits and possibly plugging and testing 
heretofore undiscovered wells. Therefore, Corrective Action costs contemplate the low probability 
future event that a deficient well is permitted by the RRC to drill into the AoR or a historical well is 
discovered to penetrate the Top Seal or Injection Interval in the future. 
 
11.4 Injection Well-Plugging Program  
Plug and abandonment (P&A) of the Midland CCS #2 Well is included within the project operating 
cost and is covered within this Financial Assurance Demonstration Plan and proposed surety bond. 
The specifics of the plugging program can be found in Section 8 – Injection Well Plugging of the 
permit application. Costs were estimated using work scopes provided by third-party industry experts 



 
 

UIC CLASS VI GEOLOGIC STORAGE OF CO2 PERMIT APPLICATION 
Milestone Carbon Midland CCS Hub, LLC  

South Midland Facility | Upton County, Texas 
 

Milestone Carbon Midland CCS Hub, LLC Class VI Permit Application 
South Midland Facility, Upton County, TX 

 Section 11: Financial Assurance Demonstration Plan (FADP) | page 6 of  25 

and comparable third-party costs for performance of services and procurement of associated material 
and equipment. The estimate covers the aggregated P&A cost of one (1) injection well, including rig 
mobilization, rig and equipment rentals, cementing, logging, haulage, and P&A reporting. To ensure 
a conservative estimate, no cost deductions were made to salvage the value of materials. The 
projected cost of Injection Well Plugging will be included in the surety bond to be provided as set forth 
in Section 11.2.1. 
 
11.5  Post-injection Site Care (PISC) 
PISC and facility closure estimates include site monitoring and periodic reassessment of the AoR, 
facilities maintenance and power costs, overhead and support costs. Details of the activities and 
actions contained in the PISC can be found in permit Section 9 – Post Injection Site Care. The 
largest element of the PISC cost estimate relates to geophysical surveys and wells’ subsurface data 
capture carried out at periodic intervals and which will cover the USDW and IZM monitoring wells, the 
five (5) NSSW monitoring wells, and an AoR area of up to 8.4 mi2. Costs for PISC were developed 
using historical data, SME estimates, and Vendor estimates for specific materials and equipment. The 
estimates cover mobilization, detector arrays’ installation, surveying, field-sampling, lab analyses, 
data processing, land agreements, and data interpretation-reporting. The post injection regulatory fee 
of $50K per year is also included in this amount. The projected cost of PISC will be included in the 
surety bond to be provided as set forth in Section 11.2.1. 
 
11.6 Facility Closure 
Facility closure includes casing evaluation, mechanical integrity verification, P&A activities and site 
reclamation costs for all sampling and geophysical monitoring wells including the Midland USDW #2, 
Midland IZM #2, and Midland NSSW #1-5 wells. It also includes fieldwide removal of surface 
equipment and remediation of inter-well sites soil and/or aquifer contamination. Site Closure reporting 
costs are included in the Site Closure total estimate. The projected cost of Site Closure will be included 
in the surety bond to be provided as set forth in Section 11.2.1. 
 
11.7 Emergency & Remedial Plan 
The Emergency and Remedial Response Plan (ERRP) and associated detailed assessment can be 
found in Section 10 – Emergency and Remedial Response Plan of this permit application.  
 
Milestone conservatively estimated costs associated with emergency and remedial response related 
to each of the emergency events described in Section 10 (ERRP) of this application, including well 
integrity failure or loss of mechanical integrity, injection well monitoring equipment failure, a spill, CO2 
or subsurface fluid migration out of the injection zone, damage due to a natural disaster, and damage 
due to induced seismicity. Most of these emergencies fall under site shut down, well control or other 
emergency remedial implementations, mechanical integrity event. The activities related to these 
ERRP events, as provided by Milestone, are presented in Section 10 - Table 10-1 to Table 10-7. 
Estimated costs associated with ERRP events are shown in Table 11-6. 
 
The cost estimates for well integrity failure or loss of mechanical integrity, CO2 or subsurface fluid 
migration out of the injection zone, damage due to a natural disaster, and damage due to induced 
seismicity are conservatively based on a Monte Carlo analysis of the costs associated with a 
hypothetical worst-case scenario wherein a significant volume of briny water or CO2 escapes to the 
surface. The scenario contemplates a reactive response approach – for example – mobilization of 
response personnel and equipment upon discovery of such an event. This approach is considered 
appropriate because of the remoteness of the residual risk. Specific post-occurrence action is not 
determinable until occurrence; thus, actual response to such an event would be based on its severity 
level. Costs associated with this scenario are intended to account for the outer-limit estimate to satisfy 
event response. The cost estimate is based on the optimal operating conditions (10 years’ operation) 
requiring outer-limit response and remediation costs.  
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The cost estimates also account for a scenario in which CO2 or subsurface fluids migrate and 
potentially endanger an underground source of drinking water (USDW). The risk of endangerment to 
USDWs is considered remote and unlikely given the large number of impermeable layers between the 
injection zone and USDW. However, as part of the reactive response scenario contemplated in the 
ERRP cost estimate, Milestone assessed the specific response actions and cost data to represent the 
likely impact of such an event on sources of drinking water.  
 
Milestone will utilize its Spill Control and Prevention Plan in combination with the response strategy to 
minimize this portion of environmental repair. This subsurface migration and USDW endangerment 
have primary costs related to groundwater delineation and an extended period (10 years) of quarterly 
monitoring and reporting after emergency remedial actions are taken. The projected cost of 
emergency and remedial response will be included in the surety bond to be provided as set forth in 
Section 11.2.1. 
 
11.8 Methodology – Monte Carlo Simulation 
As a way of addressing and managing cost-estimation input-data uncertainties, FA analysis employed 
Monte Carlo simulation for stochastic modeling. From the EPA we note: “It is the policy of the U.S. 
Environmental Protection Agency that such probabilistic analysis techniques as Monte Carlo analysis, 
given adequate supporting data and credible assumptions, can be viable statistical tools for analyzing 
variability and uncertainty in risk assessments.” (Fred Hansen, EPA, 1997, p. 1.) 
 
The specific simulator used was RiskAMP™, a full-featured Monte Carlo simulation engine add-in for 
Microsoft Excel written by, and sourced-through, Structured Data LLC. The RiskAMP add-in includes 
more than 40 random distribution functions allowing for good, practical, contextual application specific 
to intuited or estimated project and/or FA activities operational constraints. 
 
Basic to FA, is knowing the cost of effectively meeting the compliance mandates listed and described 
in Project Financial Assurance section above. The purpose and scope of this FA assessment (Fred 
Hansen, EPA, 1997, p. 2) is a composite and accurate estimate of the costs of that compliance. Such 
estimation is challenged on three fronts: data uncertainties, sourcing, and assumptions. 
 
11.8.1 Uncertainties 
For FA estimation, the first uncertainty is the lack - that comes with a relatively new industry - of 
corresponding historical cost data. The geologic sequestration of CO2 via the method of deep 
subsurface injection remains a relatively new undertaking. This applies most directly to data sets 
worthy of parametrization in the service of cost estimation. Data useful for infrastructure and 
operational costs evaluation continues to be scarce, and thereby subject to application only through 
indirect comparison and analogy – in particular, through the use of data reflecting oil and gas (O&G) 
fields’ subsurface infrastructure development and operations costs. Such O&G costs reflect global 
markets, are affected politically, and have a history of price/cost volatility. Accordingly, the nature of 
volatile cost-data comparisons brings compound uncertainties; and inevitably, extended ranges.  
 
The second uncertainty is the evolving cost of applied technologies, materials, and their associated 
operational changes to be employed for compliant management of CO2 geologic sequestration. As 
the subsurface carbon sequestration industry grows and matures, changes to regulatory design and 
operational standards are probable, and are equally likely to materially impact the cost of doing 
business – even post-injection.  
 
The third is the uncertainty with shifting EPA, TRRC, or TCEQ standards regarding FA, FA costs 
estimation, associated risks assessment, and practical assessment of risk-underwriting scale and 
scope. 
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11.8.2 Data Sources 
This FA analysis aligned with EPA’s UIC Program Class VI Financial Responsibility Guidance (EPA, 
2011) as the basis to define the activities required to be included in the cost estimate. Supported by 
that guidance, Milestone Carbon’s FA-relevant Permit Application sections (EPA phases) were 
reviewed for operational and technical approach, for CO2 injection model output, and post-injection 
FA activities’ durations and periodicities.  
 
Additionally, for FA required activities, both estimated costs and their stochastic treatments were 
guided by a variety of Agencies’, National Laboratories’, Universities’, and Industries’ data and 
expertise. Sources included: 
 

• Historic price data from other Petrotek managed UIC projects and FA analyses; 

• Cost quotations from third-party service providers; 

• Academic investigation and assessment of distribution functions application; 

• PNL’s Assessment of the Geomechanical Risks Associated with CO2 Injection at the 
FutureGen 2.0 Site (PNL, 2019); 

• EPA’s Geologic CO2 Sequestration Technology and Cost Analysis (EPA, 2008); 

• DOE’s Final Risk Assessment Report for the FutureGen Project Environmental Impact 
Statement (NETL, 2007); 

• NETL’s Overview of Potential Failure Modes and Effects Associated with CO2 Injection and 
Storage Operations in Saline Formations (DOE/NETL, 2020); and 

• Petrotek professional engineering, project management, and estimation expertise. 
11.8.3 Data Assumptions 
Almost by definition, estimation of FA cost looks far into future technologies and operational cost 
relationships. Realities of carbon sequestration industry price escalation and general macroeconomic 
inflation are important factors. However, aligned with EPA Class VI Permit Application submission 
requirements (EPA, 2011, p7) for initial FA analysis, “current dollars” (April 2025) are employed. 
 
11.8.4 Monte Carlo Simulation  
Monte Carlo simulation has been used for estimating FA costs in the current evaluation. While this 
overview does not aim to be a comprehensive guide on the technique, a brief explanation of Monte 
Carlo simulation will help contextualize its application for this Milestone Carbon FA evaluation, which 
focuses on future events. 
 
Monte Carlo simulation is a computational method that uses random sampling to model and analyze 
uncertain systems or processes. In cost forecasting, this technique involves running numerous 
iterations with varying input values and assumptions to generate a range of possible cost estimates. 
By examining different combinations of input variables, such as FA cost drivers, (e.g. probability of 
events, ranges of costs), Monte Carlo simulation captures the inherent uncertainty in forecasting. 
 
The core idea behind Monte Carlo simulation is that any uncertain variable, such as the cost of an 
unanticipated event, can be represented by a probability distribution. This distribution describes the 
range of possible values and their likelihood. For example, a probabilistic cost estimate of an FA 
operational activity might be appropriately modeled using a parameterized distribution reflecting 
Gaussian (normal), Weibull, beta-PERT, Gamma, etc. distributions. According to the particular activity 
modeled, each distribution would be chosen and parameterized specific to the nature of the activity’s 
estimated scale, scope, periodicity, duration, and probability.  By assigning crafted probability 
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distributions to specifically uncertain variables in the FA cost analysis, we create a mathematical 
model of the total FA cost estimate. 
 
The process involves using a random number generator to sample values from each distribution and 
calculate a total event cost. Repeating this process many times produces a large set of simulated 
event costs, which form a frequency distribution. This distribution reveals the most likely FA total cost, 
percentiles of cost, as well as the minimum and maximum possible costs. It also shows the probability 
of achieving a specific cost target or staying within a certain range. This information helps assess the 
likelihood or probability of the FA cost based on the model. 
 
Monte Carlo simulation is particularly useful for addressing and quantifying uncertainties in complex, 
future, and non-linear systems. In the context of FA, it combines multiple cost and probability estimates 
- first individually and then aggregated through Monte Carlo analysis - to provide a range of possible 
FA costs and associated probabilities. Compared to other forecasting methods, such as deterministic 
or single-point estimates, Monte Carlo simulation offers several advantages. It: 
 

• Captures the complexity and interdependence of multiple variables and factors that affect FA 
cost, such as resource availability, quality issues, and external risks; 

• Provides a realistic and comprehensive view of the uncertainty and variability of FA cost, and 
quantifies the level of confidence and accuracy of the estimate; 

• Identifies the key drivers and contributors of FA cost and highlights potential areas of high 
risk and/or opportunity; 

• Supports decision making and risk management by providing quantitative treatments and 
metrics.  These include FA total and FA phases’ costs range, mean, median, mode, standard 
deviation, confidence intervals, percentile distributions, cumulative distributions, probability 
density distributions, and expected values; and 

• Facilitates communication and presentation of the results by using graphical and numerical 
tools, (e.g., Probabilities and Costs) graphics and tables. 

As noted, the RiskAMP Monte Carlo simulation engine was employed for all FA costs estimation 
simulation work. For this analysis, 250,000 iterations per model run were used to assess the total 
FA cost impact generated by a set of 74 specific FA-related activities.  Each Monte Carlo simulation 
when run delivered a set of statistical metrics used to evaluate, compare, and contrast costs across 
the scale and range of Class VI operational activities addressed through FA estimation and 
assessment.  
 
For FA costing and management, Milestone has elected to use model Monte Carlo distributions’ “most 
probable cost” or Statistical Mode to represent FA costs for each major FA Phase (e.g., Injection Well 
Plugging, ERRP, etc.) as well for the Total Project FA cost. For the current Total Project model output 
with 250,000 iterations, the Mode of the FA Total Project equates to approximately a P63 value.  
 
The mode is considered the “most probable value” from a distribution, because it occurs most often; 
in the same way that rolling a sum of 7 is the most probable value when rolling 2 six-sided dice and 
all other values have less combinations and are less likely. Said another way, the mode occurs at the 
peak of the probability distribution histogram, and it is the value or amount around which outcomes 
are most densely packed. 16 Texas Administrative Code § 5.205 (C)(2)(C)(ii) requires applicants to 
provide the highest likely amount necessary to close the geologic storage facility. Milestone interprets 
this phrase to be the statistical mode because it is the highest likely or highest probability value in the 
simulation. 
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11.10 Update and Reporting Schedule 
On an annual basis, Milestone will provide a report to the UIC Director. If there are changes to the 
financial assurance estimate amount, Milestone will adjust the Financial Assurance amount within 60 
days after changes are approved by the Director. Milestone will maintain financial instruments during 
the review period. If permit sections or cost estimates change regarding area of review and corrective 
action plan, injection well plugging plan, post-injection site care and or site closure plans, and or 
emergency response plan, then the associated FA section and costs will be updated. Changes with 
written estimates under PE seal will be submitted to the UIC Director within 60 days.  
 
If there are no changes, Milestone will submit a letter stating that no changes are needed at this time, 
except for inflation adjustments. 
 
If the UIC Director determines during the annual evaluation of the qualifying financial responsibility 
instruments that the most recent demonstration is no longer adequate to cover the cost of corrective 
action, injection well plugging and post-injection storage facility care and closure, or emergency and 
remedial response. Milestone will provide to the UIC Director, within 60 days of notification by the 
Director, with a revised cost estimate under PE seal. Milestone will then adjust the amount of the 
Financial Assurance instruments within 60 days of approval of the new estimate by the UIC Director. 
 
11.10.1 Inflation Adjustments 
Milestone will automatically adjust the FA instruments for inflation based on CPI tables for the 
preceding calendar year. This adjustment will be included in the annual update. 
 
11.11 Duration 
Milestone will maintain adequate FA instruments and renew instruments for the entire duration of the 
geologic sequestration project until the UIC Director receives and approves a completed post-injection 
site care and site closure plan and approves the site closure plan.  
Milestone may request release of FA obligations if it has completed a phase of the geologic 
sequestration project for which the financial instrument was required and has fulfilled all its financial 
obligations as determined by the UIC Director. 
 
11.12 Third Party Instruments 
When using a third-party instrument to demonstrate financial responsibility, Milestone will provide a 
proof that the third-party providers either have passed financial strength requirements based on credit 
ratings; or has met a minimum rating, minimum capitalization, and ability to pass the bond rating when 
applicable. 
 
The issuer of any geologic storage facility bond filed in satisfaction of the requirements of this FA 
section will be a corporate surety authorized to do business in Texas. The issuer’s name address and 
evidence of authority to issue bonds in Texas have been provided as an FA appendix item.  
 
11.13 Increases or Decreases 
The UIC Director must approve any decrease or increase to the initial cost estimate. During the active 
life of the geologic sequestration project, Milestone will revise the cost estimate no later than 60 days 
after the Director has approved the request to modify the area of review and corrective action plan, 
the injection well plugging plan, the post-injection site care and site closure plan, and the emergency 
and response plan, if the change in the plan increases the cost. If the change to the plans decreases 
the cost, any withdrawal of funds must be approved by the Director. Any decrease to the value of the 
financial assurance instrument must first be approved by the Director. The revised cost estimate will 
be adjusted for inflation (Section 11.10.1).  
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Whenever the current cost estimate increases to an amount greater than the face amount of a financial 
instrument currently in use, Milestone, within 60 days after the increase, will either cause the face 
amount to be increased to an amount at least equal to the current cost estimate and submit evidence 
of such increase to the Director, or obtain other financial responsibility instruments to cover the 
increase. Whenever the current cost estimate decreases, the face amount of the financial assurance 
instrument may be reduced to the amount of the current cost estimate only after the owner or operator 
has received written approval from the Director. 
 
After the injection period of the project terminates, and the post-injection period begins, Milestone may 
apply for a reduction in the FA requirements required for post-injection site care and monitoring based 
on current monitoring results. It will be at the UIC Directors discretion whether to approve or deny the 
reduction. 
 
Milestone will maintain the previously approved required Financial Assurance amounts until the new 
amount is approved by the UIC Director. 
 
11.14 Adverse Financial Conditions 
Milestone will notify the UIC Director by certified mail of adverse financial conditions such as 
bankruptcy that may affect the ability to carry out injection well plugging and post-injection site care 
and site closure. 
 
Milestone will also notify the UIC Director of any third-party financial instrument providers that are 
going through bankruptcy or incapacity or any unforeseen event that would result in inability for the 
bond provider to do business in the state of Texas by certified mail. Milestone will notify the Director 
by certified mail of the commencement of a voluntary or involuntary proceeding under Title 11 
(Bankruptcy), U.S. Code, naming Milestone as debtor, within 10 days after commencement of the 
proceeding. 
 
If due to incapacity by third party financial institutions such as surety bond companies, the UIC Director 
deems Milestone to be “without bond coverage” and issues an official notice to that effect, Milestone 
will respond to the UIC Director with a proposed plan to find a replacement provider and a reasonable 
period to replace bond coverage within 60 days of the notice. If the UIC Director specifies the period 
in the official notice, Milestone will still respond with a plan to find a replacement provider within 60 
days. 
 
11.15 Injection Fees and Post Injection Regulatory Fees [16 Texas Admin Code § 

5.205 (A)] 
Milestone will remit the required fees to the Comptroller of the State of Texas as stipulated in 16 Texas 
Admin Code § 5.205(A). Milestone will remit an initial permit application fee of $50,000 for a geologic 
storage facility. Milestone will remit an annual fee of $0.025 per metric ton of CO2 injected at the 
geologic storage facility. Further Milestone will remit an annual fee of $50,000 each year that Milestone 
does not inject any injectate into the geologic storage facility until the UIC Director has authorized 
storage facility closure. 
 
Only the annual fee of $50,000 during the post-injection site care period has been included in the 
Monte Carlo analysis and the third-party estimate. A total of $2.5 Million, for fifty (50) years of post-
injection site care, has been added as a line-item cost to the post-injection site care cost estimate. 
The initial application fee is paid at the time of application submission, and is therefore not necessary 
to assure, and the injection fee of $0.025 per metric ton will be remitted based on actual well results 
and remitted to the Comptroller of Texas concurrently with the annual report that is submitted to the 
UIC Director. 
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11.16 Protective Conditions [16 Texas Admin Code § 5.205 (D)(III)] 
As noted previously, the surety bond will have certain protective conditions. 
The surety bond will contain protective conditions of coverage. Protective conditions of coverage will 
include at a minimum cancellation, renewal, and continuation provisions; specifications on when the 
provider becomes liable following a notice of cancellation if there is a failure to renew with a new 
qualifying financial instrument; and requirements for the provider to meet a minimum rating, minimum 
capitalization, and ability to pass the bond rating when applicable. 
11.16.1 Cancellation 
Milestone will provide that the surety bond may not cancel, terminate, or fail to renew except for failure 
to pay such financial instrument. If there is a failure to pay the financial instrument, the financial 
institution may elect to cancel, terminate, or fail to renew the instrument by sending notice by certified 
mail to the owner or operator and the director. The cancellation will not be final until at least 120 days 
after the Commission receives the cancellation notice. In that event Milestone will provide an alternate 
financial responsibility demonstration within 60 days of notice of cancellation, and if an alternate 
financial responsibility demonstration is not acceptable or possible, any funds from the instrument 
being cancelled will be released within 60 days of notification by the director. 
11.16.2 Renewal 
If the surety bond expires, Milestone will renew the previous instrument or contract a new financial 
instrument of sufficient value prior to the expiration date. Milestone will hold a FA instrument for the 
entire term of the geologic storage project. The instrument may be automatically renewed as long as 
Milestone has the option of renewal at the face amount of the expiring instrument. The form of bond 
filed by Milestone will be renewed and continued in effect until the conditions of the bond have been 
met or its release is authorized by the director. 
11.16.3 Remain in Effect  
The surety bond shall remain in effect and cannot be canceled, terminated, or left unrenewed if, on or 
before its expiration date, any of the following conditions occur: the director deems the facility 
abandoned; the permit is terminated, revoked, or a new permit is denied; closure is ordered by the 
director, a United States district court, or another court of competent jurisdiction; the owner or operator 
becomes a debtor in a voluntary or involuntary bankruptcy proceeding under Title 11 of the U.S. Code; 
or the amount due is paid. 
 
11.17 Summary 
Milestone will employ surety bonds to meet Financial Assurance requirements. Milestone proposes a 
total FA cost of $20,957,610 for the South Midland Facility. The entire amount will be provided by a 
surety bond. 
 
To determine FA cost estimates subject to forecasting uncertainties, Milestone employed an EPA 
Class VI operations-tailored Monte Carlo simulation. This iterative costs-scenario approach generated 
a distributed range of possible FA estimates through simulations using 250,000 iterations addressing 
74 activities inputs related to FA costs. This stochastically-modeled method enables us to assess the 
probabilities of specific events - that include worst case scenarios - and provides a comprehensive 
range of potential FA numbers. Consequently, Monte Carlo simulation offers a detailed understanding 
of the financial assurance requirements, accounting for various uncertainties and helping to make 
informed financial decisions. 
 
Milestone will comply with all state and federal regulations for financial responsibility regarding the 
geologic sequestration project. 
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