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PART I.    AUTHORIZATION  TO  CONSTRUCT  AND  INJECT 
 
Pursuant to the Underground Injection Control (UIC) Program Regulations of the Utah Water 
Quality Board (UWQB) codified in the Utah Administrative Code (UAC) R317-7, 
 

Magnum Solution Mining, LLC (fka Magnum Solutions, LLC) 
3165 East Millrock Drive, Suite 330 

Salt Lake City, Utah   84121 
 

is hereby authorized to construct and operate six (6) new Class III solution mining injection wells in 
a Project Area centered approximately at 39 o 29' 39" latitude 112 o 36' 20" longitude,  NAD83, 
located in the S 1/2 of Sec. 23 and the N 1/2 of Sec. 26, T 15 S, R 7 W; SLB&M in Millard County, 
Utah.  A general location map is included as Attachment A. 
 
The intent of the solution mining activity to be conducted under this permit is to create four (4) 
natural gas and two (2) natural gas liquid storage caverns in a bedded salt deposit that has been 
tectonically thickened.  According to the Solution Mining Plan (Mining Plan) included as 
Attachment G-1 of the Technical Report of the permit application, each natural gas storage cavern 
will have an open volume of approximately 10.5 million barrels corresponding to a gas storage space 
of 9.8 million barrels and each natural gas liquid storage cavern will have a maximum open volume 
of approximately 2.1 million barrels corresponding to a natural gas liquid storage space of 2 million 
barrels .  According to the Mining Plan for the natural gas storage caverns, the final cemented casing 
will be set at a depth of approximately 3,950 feet, within the salt structure, and the roof of the cavern 
will be established 200 feet below that depth at approximately 4,150 feet.  The maximum diameter 
of each cavern is intended to be 300 feet and the open height approximately 1,000 feet.  It is 
estimated that each cavern will require approximately 2 years for completion.  According to the 
Mining Plan for the natural gas liquid storage caverns, the final cemented casing will be set at least 
200 feet into the salt.  The roof of the cavern will be established 200 feet below the final cemented 
casing.  The maximum diameter of each cavern is intended to be approximately 200 feet and the 
open height approximately 575 feet.  It is estimated that each cavern will require approximately 1 
year for completion. 
 
The Project Area, defined in the permit application, is located west of the intersection of Highway 
174, also known as Brush-Wellman Road, and Jones Road; approximately 3 ½ miles east-northeast 
of Sugarville, Utah and 9 miles north of Delta, Utah.  The Project Area is the surface projection of 
the maximum extent within the salt structure in which caverns can be created.  The western 
boundary of the Project Area is defined "by the surface projection of a main north-south trending 
fault identified at a depth of 3,000 feet during seismic testing and the drilling of exploratory well 
MH-1."  The southern and eastern boundaries are defined "by the downward dip of the salt structure 
at 3,000 feet."  The northern boundary is defined by "a desired offset [of the Project Area] from 
existing and future high voltage power lines paralleling Brush-Wellman Road."  A map showing the 
facility property boundary, the Project Area, and Area of Review, and the proposed injection wells is 
included as Attachment B. 
 
The legal description of the Project Area within which the construction of Class III solution mining 
wells may occur follows: 
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Beginning at a point N 03° 52' 52" W, 1088.69 feet from the N.W. Corner of Section 
26, T. 15 S., R. 7 W. SLB&M; thence S 00° 34' 02" W, 89.86 feet; thence S 22° 12' 
15" E, 431.59 feet; thence S 01° 28' 13" W, 815.25 feet to the beginning of a curve to 
the left having a radius of 4235.14 feet, thence along said curve a distance of 1714.42 
feet, through a central angle of 23.19° with a chord bearing and distance of S 23° 22' 
25" E, 1702.74 feet; to the beginning of a curve to the left having a radius of 
14369.02 feet, thence along said curve a distance of 3938.26 feet, through a central 
angle of 15.70° with a chord bearing and distance of N 64° 15' 59" E, 3925.94 feet; 
thence N 67° 27' 17" W, 2974.65 feet; thence N 89° 12' 14" W, 1606.22 feet more or 
less to Point of Beginning.  Said described parcel contains 7,369,561.83 square feet 
(169.18 acres), more or less. 

 
All references to UAC R315-2-3, UAC R317-7, and to Title 40 of the Code of Federal Regulations 
(40 CFR) are to all regulations that are in effect on the date that this permit becomes effective. The 
following attachments are incorporated into this permit: 

 
Attachment A....General Location Map of the Magnum Gas Storage Project, Millard County. 

Attachment B ....Map of the Facility Property, Project Area, Area of Review, and Class III 
Solution Mining Injection Wells 

Attachment C ....Technical Report 

Attachment D....Plan for Plugging and Abandonment of Class III Solution Mining Wells and 
Caverns 

Attachment E ....Financial Assurance for Plugging and Abandoning 

Attachment F.....Well Construction Plans  

Attachment G....Monitoring and Mechanical Integrity Testing (MIT) Protocols 

Attachment H....Reporting Tables 
 

This original permit consists of a total of 22 pages plus the above 8 attachments and includes all 
items listed in the Table of Contents.  Further, it is based upon representations made by the permittee 
and other information contained in the administrative record.  It is the responsibility of the 
permittee to read and understand all provisions of this permit. 
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This permit shall become effective January ??, 2011. 
 
This permit and the authorization to inject shall be issued for the life of the project as described 
in Part III A of this permit unless terminated. 

 
 
 
_____________________________ 
Walter L. Baker, P.E. 
Executive Secretary 
Utah Water Quality Board 
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PART II.    GENERAL  PERMIT  CONDITIONS 
 
A. EFFECT OF PERMIT 
 
The permittee is allowed to engage in underground injection in accordance with the conditions 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 fluid 
containing any contaminant into underground sources of drinking water (USDW), if the presence of that 
contaminant may cause a violation of any primary drinking water standard under the Utah Public 
Drinking Water Administrative Rules, UAC R309-200 and 40 CFR Part 141, or may otherwise 
adversely affect the health of persons.  Any underground injection activity not specifically authorized in 
this permit is prohibited.  Compliance with this permit does not constitute a defense to any action 
brought under the Utah Water Quality Act (UWQA) Title 19, Chapter 5 Utah Code Annotated 1953, or 
any other common or statutory law or regulation.  Issuance of this permit does not authorize any injury 
to persons or property, any invasion of other private rights, or any infringement of State or local law or 
regulations.  Nothing in this permit shall be construed to relieve the permittee of any duties under 
applicable regulations. 

 
 
B. SEVERABILITY 
 
The provisions of this permit are severable.  If any provision of this permit or the application of any 
provision of this permit to any circumstance is held to be invalid, the application of such provision to other 
circumstances and the remainder of this permit shall not be affected thereby. 
 
 
C. CONFIDENTIALITY 
 
In accordance with Utah Code 19-1-306 (Records of the Department of Environmental Quality), Utah Code 
63G-2-309 (Confidentiality Claims), and Utah Code 19-5-113 (DWQ Records and Reports Required by 
Owners/Operators) any information deemed by the permittee to be entitled to trade secret protection 
submitted to the UWQB pursuant to this permit may be claimed as confidential by the submitter.  Any such 
claim must be asserted at the time of submission by stamping the words "Confidential Business Information" 
on each page containing such information.  If no claim is made at the time of submission, the UWQB may 
make the information available to the public without further notice.  Claims of confidentiality may be denied 
by the UWQB according to the procedures detailed in Utah Code 63G-2 and the federal Freedom of 
Information Act (FOIA).  Claims of confidentiality for the following information will be denied as per UAC 
R317-7-9.7: 
 
 1. The name and address of the permittee.  
 
 2. Information that deals with the existence, absence or level of contaminants in drinking water. 
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D. CONDITIONS APPLICABLE TO ALL UIC PERMITS (40CFR144.51) 
 
 1. Duty to Comply (40CFR144.51(a)) 
 
 The permittee shall comply with all conditions of this permit.  Any permit noncompliance 

constitutes a violation of the Safe Drinking Water Act and the UWQA and is grounds for 
enforcement action, permit termination, revocation and re-issuance, modification, or for denial of a 
permit renewal application; except that the permittee need not comply with the provisions of this 
permit to the extent and for the duration such noncompliance is authorized by an emergency permit 
issued in accordance with UAC R317-7-8 (40 CFR 144.34).  Such noncompliance may also be 
grounds for enforcement action under the Utah Solid and Hazardous Waste Act (USHWA), Title 19, 
Chapter 6, Utah Code Annotated 1979. 

 
 2. Duty to Reapply (40CFR144.51(b)) 
 
 If the permittee wishes to continue an activity regulated by this permit after the expiration date of 

this permit, the permittee must apply for and obtain a new permit.  The permittee shall submit a 
complete permit renewal application at least 180 days before this permit expires. 

 
 3. Need to Halt or Reduce Activity Not a Defense (40CFR144.51(c)) 
 
 It shall not be a defense for a permittee in an enforcement action that it would have been necessary 

to halt or reduce the permitted activity in order to maintain compliance with the conditions of this 
permit. 

 
 4. Duty to Mitigate (40CFR144.51(d)) 
 
 The permittee shall take all reasonable steps to minimize or correct any adverse impact on the 

environment resulting from noncompliance with this permit. 
 
 5. Proper Operation and Maintenance (40CFR144.51(e)) 
 
 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 includes effective 
performance, adequate funding, adequate operator staffing and training, and adequate laboratory and 
process controls, including appropriate quality assurance procedures.  This provision requires the 
operation of back-up or auxiliary facilities or similar systems only when necessary to achieve 
compliance with the conditions of this permit. 

 
 6. Permit Actions (40CFR144.51(f)) 
 
 The Executive Secretary may, for cause or upon request from the permittee, modify, revoke and re-

issue, or terminate this permit in accordance with UAC R317-7-5.4, R317-7-9.6 (40 CFR 144.39 and 
144.40), and R317-7-5.8.  Also, the permit is subject to minor modifications for cause as specified in 
UAC R317-7-9.6 (40 CFR 144.41). The filing of a request for a permit modification, revocation and 
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re-issuance, or termination, or the notification of planned changes, or anticipated noncompliance on 
the part of the permittee, does not stay the applicability or enforceability of any permit condition. 

 
 7. Property Rights (40CFR144.51(g)) 
 
 This permit does not convey any property rights of any sort, or any exclusive privilege. 
 
 8. Duty to Provide Information (40CFR144.51(h)) 
 
 The permittee shall furnish to the Executive Secretary within a time specified, any information 

which the Executive Secretary may request to determine whether cause exists for modifying, 
revoking and re-issuing, or terminating this permit, or to determine compliance with this permit.  
The permittee shall also furnish to the Executive Secretary upon request, copies of records required 
to be kept by this permit. 

 
 9. Inspection and Entry (40CFR144.51(i)) 
 
 The permittee shall allow the Executive Secretary, or an authorized representative, upon the 

presentation of credentials and other documents as may be required by the law, to: 
 
  a) Enter upon the permittee's premises where a regulated facility or activity is located or 

conducted, or where records must be kept under the conditions of this permit; 
 
  b) Have access to and copy, at reasonable times, any records that are kept under the conditions 

of this permit; 
 
  c) Inspect at reasonable times any facilities, equipment (including monitoring and control 

equipment), practices, or operations regulated or required under this permit; and 
 
  d) Sample or monitor at reasonable times, for the purposes of assuring permit compliance or as 

otherwise authorized by the SDWA and / or UWQA any substances or parameters at any 
location. 

 
 10. Monitoring and Records (40CFR144.51(j)) 
 
  a) Samples and measurements taken for the purpose of monitoring shall be representative of the 

monitored activity. 
 
  b) The permittee shall retain records of all monitoring information, including the following: 
 
   (1) Calibration and maintenance records and all original strip chart recordings for continuous 

monitoring instrumentation and copies of all reports required by this permit, for a period of 
at least 3 years from the date of the sample, measurement, or report.  This period may be 
extended by request of the Executive Secretary at any time; and 

   2) Records of all data required to complete the permit application form and technical report 
for this permit and any supplemental information submitted under UAC R317-7-9.2 for a 
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period of at least three years from the date the application was signed.  This period may be 
extended by request of the Executive Secretary at any time. 

 
   3) The nature and composition of all injected fluids until three years after the completion of 

any plugging and abandonment procedures specified in Part III of this permit.  The 
Executive Secretary may require the owner or operator to deliver the records to the 
Executive Secretary at the conclusion of the retention period. 

 
  c) Records of monitoring information shall include: 
 
   (1) The date, exact place, and time of sampling or measurements;  
   (2) The individual(s) who performed the sampling or measurements;  
   (3) A precise description of sampling methodology, sample handling or custody, and all 

quality assurance methods used;  
   (4) The date(s) analyses were performed;  
   (5) The names of individual(s) who performed the analyses;  
   (6) The analytical techniques or methods used; and  
   (7) The results of such analyses. 
 
 11. Signatory Requirements (40CFR144.51(k)) 
 
 All reports or other information, submitted as required by this permit or requested by the Executive 

Secretary, shall be signed and certified in accordance with UAC R317-7-9.3 (40 CFR 144.32). 
 
 12. Reporting Requirements (40CFR144.51(l)) 
 
  a) Planned Changes 
 
  The permittee shall give written notice to the Executive Secretary, as soon as possible, of any 

planned physical alterations or additions to the UIC-permitted facility.  The UIC-permitted 
facility includes: 

 
   (1) The final pumps that boost fluids into the injection wells, and remove fluids from the 

extraction well(s). 
 
   (2) Pipelines between the final injection pumps and the injection wellheads, 
 
   (3) Injection and extraction wells, wellheads and all downhole and wellhead equipment and 

instrumentation within the area of review, and 
 
   (4) Instrumentation and equipment used to measure and control volume, flow rate, and 

pressure of fluids injected into and extracted from the solution well / cavern system. 
 
  b) Anticipated Noncompliance 
 
  The permittee shall give advance notice to the Executive Secretary of any planned changes in the 
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permitted facility or activity that may result in noncompliance with permit requirements. 
 
  c) Permit Transfers 
 
  This permit is not transferable to any person except in accordance with UAC R317-7-9.6 (40 

CFR 144.38).  The Executive Secretary may require modification or revocation and re-issuance 
of the permit to change the name of the permittee and incorporate such other requirements as 
may be necessary under the Safe Drinking Water Act and / or the UWQA.   

 
  d) Monitoring Reports 
 
  Quarterly monitoring reports shall be submitted to the Executive Secretary according to the 

following schedule: 
 
  Quarter    Report Due On: 
 
  lst Quarter  (Jan 1 – March 31) April 15 
  2nd Quarter (April 1 – June 30) July 15 
  3rd Quarter (July 1 – September 30) October 15 
  4th Quarter (October 1 – December 31) January 15 
 
  e) Compliance Schedule Reports 
 
  Reports of compliance or noncompliance with, or any progress reports on, interim and final 

requirements contained in any compliance schedule specified in Part III B of this permit shall be 
submitted no later than 30 days following each schedule date. 

 
  f) Endangering Noncompliance Reporting 
 
  The permittee shall report to the Executive Secretary any noncompliance that may endanger 

health or the environment, as follows: 
 
   (1) Twenty-four Hour Reporting 
 

Endangering noncompliance information shall be provided orally within 24 hours from 
the time the permittee becomes aware of the circumstances.  Such reports shall include, 
but not be limited to, the following information: 

 
    (i) Any monitoring or other information that indicates any contaminant may cause an 

endangerment to a USDW, or 
 
    (ii) Any noncompliance with a permit condition, or malfunction of the injection system, 

which may cause fluid migration into or between USDWs. 
 
   (2) Five-day Reporting 
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A written submission shall be provided within five days of the time the permittee 
becomes aware of the circumstances of the endangering noncompliance.  The written 
submission shall contain a description of the noncompliance and its cause, the period of 
noncompliance, including exact dates and times, and if the noncompliance 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 noncompliance. 

 
  g) Other Noncompliance 
 
  The permittee shall report all instances of noncompliance not reported under 12d) (Monitoring 

Reports), 12e) (Compliance Schedule Reports), or 12f) (Endangering Noncompliance 
Monitoring) of this section in the next Monitoring Report.  The reports shall contain a 
description of the noncompliance and its cause, the period of noncompliance, including exact 
dates and times, and if the noncompliance 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 noncompliance. 

 
  h) Other Information 
 
  When the permittee becomes aware of a failure to submit any relevant facts in the permit 

application or submitted incorrect information in a permit application or in any report to the 
Executive Secretary, the permittee shall submit such facts or information within 10 days after 
becoming aware of the failure to submit relevant facts. 

 
 13 Requirements Prior to Commencing Injection (40CFR144.51(m)) 
 
 For new injection well authorized by individual permit, a new injection well may not commence 

injection until construction is complete, and 
 
  a) The permittee has submitted notice of completion of construction to the Executive Secretary; 

and  
 
  b) Either of the following: 
 
   (1) The Executive Secretary has inspected or otherwise reviewed the new injection well and 

finds it is in compliance with the conditions of the permit; or 
 
   (2) The permittee has not received notice from the Executive Secretary of his or her intent to 

inspect or otherwise review the new injection well within 13 days of the date the notice in 
paragraph 13a)(1) of this section, in which case prior inspection or review is waived and the 
permittee may commence injection.  The Executive Secretary shall include in his notice a 
reasonable time period in which he shall inspect the well. 

 



PUBLIC NOTICE DRAFT    UIC Permit No.  UTU-27-AP-9232389    PUBLIC NOTICE DRAFT     
 

 
10 

 For new injection wells authorized by an area permit under UAC R317-7-7(C) (40 CFR 144.33(c)), 
requirements prior to commencing injection shall be specified in Part III of the permit. 

 
 14. Notification Prior to Conversion or Abandonment.  (40CFR144.51(n)) 
 
 The permittee shall notify the Executive Secretary at such times as the permit requires before 

conversion or abandonment of the well or in the case of area permits before closure of the projects.   
 
 15. Plugging and Abandonment Requirements.  (40CFR144.51(o)) 
 

A Class I and III permit shall include and a Class V permit may include, conditions for developing a 
plugging and abandonment plan that meets the applicable requirements of UAC R317-7 to ensure 
that plugging and abandonment of the well will not allow the movement of fluids into or between 
USDWs.  If the plan meets the plugging and abandonment requirements of UAC R317-7, the 
Executive Secretary shall incorporate it into the permit as a permit condition.  Where the review of 
the plan submitted in the permit application indicates the plan is inadequate, the Executive Secretary 
may require the applicant to revise the plan, prescribe conditions meeting the requirements of this 
paragraph, or deny the permit.  For purposes of this paragraph, temporary or intermittent cessation of 
injection operations is not abandonment.  Requirements for implementing the approved plugging and 
abandonment plan are specified in Part III F of this permit. 

 
 16. Plugging and Abandonment Report.  (40CFR144.51(p)) 
 

Requirements for the submittal of a plugging and abandonment report shall be specified in Part III of 
this permit. 

 
 17. Duty to Establish and Maintain Mechanical Integrity.  (40CFR144.51(q)) 
 
  a) The owner or operator of a Class I or III well permitted under UAC R317-7 shall establish 

prior to commencing injection or on a schedule determined by the Executive Secretary, and 
thereafter maintain mechanical integrity as defined in 40CFR146.8. 

 
  b) When the Executive Secretary determines that a Class I or III well lacks mechanical integrity 

pursuant to 40CFR146.8, he shall give written notice of his determination to the owner or 
operator.  Unless the Executive Secretary requires immediate cessation, the owner or 
operator shall cease injection into the well within 48 hours of receipt of the Executive 
Secretary's determination.  The Executive Secretary may allow plugging of the well pursuant 
to the requirements of UAC R317-7 or require the permittee to perform such additional 
construction, operation, monitoring, reporting and corrective action as is necessary to 
prevent the movement of fluid into or between USDWs caused by the lack of mechanical 
integrity.  The owner or operator may resume injection upon written notification from the 
Executive Secretary that the owner or operator has demonstrated mechanical integrity 
pursuant to 40CFR146.8. 

 
  c) The Executive Secretary may allow the owner/operator of a well which lacks mechanical 

integrity pursuant to 40CFR146.8(a)(1) to continue or resume injection, if the owner or 
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operator has made a satisfactory demonstration that there is no movement of fluid into or 
between USDWs. 

 
 18. Report on Permit Review 
 
  Within 30 days after receipt of this permit, the permittee shall report to the Executive Secretary 

that he has read and is personally familiar with all terms and conditions of this permit. 
 
 19. Electronic Reporting 
 
  In addition to submittal of the hard copy data, the permittee shall electronically submit required 

monitoring data in the electronic format specified by the Executive Secretary.  The data may be 
sent by e-mail, CD, DVD, or other approved transmittal mechanism. 

 
 20. Penalties for Violations of Permit Conditions (UCA 19-5-115) 
 
  Any person who violates a permit requirement is subject to civil penalties, fines, and other 

enforcement action under the UWQA and may be subject to such actions pursuant to USHWA.  
Any person who willfully violates permit conditions may be subject to criminal prosecution. 



PUBLIC NOTICE DRAFT    UIC Permit No.  UTU-27-AP-9232389    PUBLIC NOTICE DRAFT     
 

 
12 

PART III.    SPECIFIC  PERMIT  CONDITIONS 
 
A. DURATION OF PERMIT (R317-7-9.5 and 40CFR144.36) 
 
This UIC Class III Solution Mining permit shall be issued for a period to include that time required to 
complete the solution mining of the four natural gas storage caverns and the two natural gas liquid storage 
caverns, to demonstrate mechanical integrity of the injection well / storage cavern system, and to effect the 
transfer of control from the Utah Division of Water Quality to the Utah Division of Oil, Gas and Mining for 
regulatory oversight of the operation and maintenance of the natural gas and natural gas liquid storage 
facility. 
 
The Executive Secretary shall review this permit once every  five (5) years to determine whether it should 
be modified, revoked and re-issued, terminated, or undergo minor modification according to the 
requirements of 40CFR144.36, 40CFR144.39, 40CFR144.40, and 40CFR144.41. 
 
 
B. SCHEDULE OF COMPLIANCE (40CFR144.53) 
 

Magnum must address each of the following conditions within the time period indicated for each 
item.  Failure to do so may result in the termination of the permit as allowed by 40CFR144.40. 
 
1. Financial Responsibility 
 
Magnum shall submit evidence of adequate resources acceptable to the Executive Secretary of the 
UWQB and the Director of the Division of Oil, Gas and Mining to implement the approved plugging 
and abandonment plan required by Part II D 15 and Part III F of this permit according to Part III G 
of this permit. 
 
Magnum shall submit the document referenced in this section before drilling of the wells 
commences. 
 
 

C. CONSTRUCTION REQUIREMENTS (40CFR146.32 and R317-7-10.1(B)) 
 
 1. Class III and Natural Gas Storage Construction Standards  
 

Each well and cavern shall be constructed according to the requirements of Class III wells as set 
forth in R317-7-10.1(B) and 40CFR146.32 and according to those generally held to be construction 
standards by the underground natural gas storage industry (Natural Gas Storage in Salt Caverns: A 
Guide for State Regulators, IOGCC, 1998 and Recommended Practice for the Design of Solution-
Mined Underground Storage Facilities – API Recommended Practice 1114, API, July 2007).  
Additionally, the construction requirements in the approved Application for a Permit to Drill (APD) 
issued by the Utah Division of Oil, Gas and Mining must be met.  The approved well construction 
plan is included in Attachment F. 

 
 2. Casing and Cement 
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The casing and cement used in the construction of each new well shall prevent the migration of 
fluids into or between USDWs and shall be designed for the life expectancy of the well. 

 
  a) Only new casing shall be installed. 
 
  b) Deviation control shall be implemented to maintain the verticality of the well to a maximum 

of 1.5 degrees average inclination from the vertical at the top of the salt, with no more than 2 
degrees or less at any depth. 

 
  c) Surface and intermediate casing strings shall be used to protect USDWs above the salt 

structure. 
 
  d) A minimum of one cemented casing shall be set across all non-salt formations. 
 
  e) Salt saturated cement shall be used across salt formations. 
 
  f) Centralizers shall be used on all cemented casing strings. 
 
  g) Boreholes shall be conditioned prior to running cement. 
 
 3. Cavern Capacity and Configuration 
 

This permit authorizes the creation of four caverns with a final open volume of 10,500,000 barrels 
and a gas storage capacity of 9,800,000 barrels.  The maximum diameter of each cavern is limited to 
300 feet.  The top of each cavern will be no less than 200 feet below the casing shoe of the last 
cemented casing.  Communication between caverns shall not be permitted.  Changes of cavern 
capacity greater than 20% will require a major permit modification.  Cavern development shall 
proceed in such a manner as to maintain the mechanical integrity of the pillar between caverns 
during cavern development and during gas storage. 
 
The original permit is herein modified to authorize the creation of two additional caverns with a final 
maximum open volume of 2,110,000 barrels and a product storage capacity of 2,000,000 barrels.  
The maximum diameter of each cavern is limited to 200 feet.  The top of each cavern will be no less 
than 200 feet below the casing shoe of the last cemented casing.  Communication between caverns 
shall not be permitted.  Changes of cavern capacity greater than 20% will require a major permit 
modification.  Cavern development shall proceed in such a manner as to maintain the mechanical 
integrity of the pillar between caverns during cavern development and during gas storage. 

 
 4. Solution Mining Blanket 

 
Nitrogen shall be the blanket material used to control development of each cavern.  Solution mining 
under gas (SMUG) is not authorized by this permit. 

 
 5. Logging and Testing 
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The following geophysical logs and tests must be performed during construction and after 
completion of the Class III injection well / cavern system: 

 
  a) Cement Bond Log on surface, all intermediate and production casings after WOC of 72 

hours unless an appropriate CBL tool is not available for the larger diameter casings in 
which case an alternative logging program shall be proposed by the permittee. 

 
  b) Casing Inspection Log on innermost cemented casing. 
 
  c) Mechanical integrity tests according to Part III H of this permit. 
 
  d) Inclination and Directional Surveys starting at 500' taken 500' thereafter. 
 
  e) Field checking of welded joints according to the standards prescribed in API Standard 1104, 

ASME Boiler and Pressure Vessel Code, or other applicable standard. 
 
  f) Conduct periodic sonar surveys to monitor the growth of the cavern and upon completion of 

each well / cavern system. 
 
  g) Conduct hydrostatic pressure tests of zones over five (5) feet thick showing a porosity of 

over 30% on geophysical logs of the salt interval conducted during the drilling of the pilot 
hole. 

 
 
D. OPERATION REQUIREMENTS (40CFR146.33 and R317-7-10.2(A)) 

 
 1. Class III and Natural Gas Storage Operation Standards for Construction Phase 

 
Operation requirements for the drilling and solution mining of each well and cavern shall be those 
for Class III wells as set forth in R317-7-10.2(A) and 40CFR146.33(a) and those generally held to 
be standards by the underground natural gas storage industry (Natural Gas Storage in Salt Caverns: 
A Guide for State Regulators, IOGCC, 1998 and Recommended Practice for the Design of Solution-
Mined Underground Storage Facilities – API Recommended Practice 1114, API, July 2007).  
Additionally, the operational requirements for the drilling and solution mining of each well and 
cavern in the approved Application for a Permit to Drill (APD) issued by the Utah Division of Oil, 
Gas and Mining must be met.  Operation and maintenance requirements for gas storage shall be set 
by the Utah Division of Oil, Gas and Mining once the well / cavern system has been released from 
the Class III UIC permit. 

 
 2. Maximum Allowable Surface Operating Pressure (MASOP) 
 

The injection pressure at the wellhead shall not exceed a maximum value which shall be calculated 
to assure that the pressure in the injection zone during injection does not initiate new fractures or 
propagate existing fractures in the injection zone.  In no case shall the injection pressure initiate 
fractures in the confining zone or cause the movement of injection or formation fluids into an 
USDW.   
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Based on the analysis of the formation tests conducted on the MH-1 exploratory well submitted in 
the permit application, it was determined that lithostatic pressure is a conservative estimate for the 
minimum principal stress or the fracture closure pressure.  Magnum will provide an additional 
safeguard against fracture opening or initiation by operating below 90% of the lithostatic pressure at 
any given depth during cavern creation.  Additionally, no allowances will be given for pipe friction.  
The maximum allowable surface operating pressures for the nitrogen blanket, the brine string and 
the fresh water string are given in the following table: 
 
 

Maximum Allowable Surface Operating Pressures (MASOP) 

Casing Seat of Last Cemented Casing (20") – 
Depth in Ft below ground surface D 

Maximum Allowable Casing Seat Pressure – psi 
90% of lithostatic pressure at 1 psi/ft of depth 0.9 x ρLithostatic x D 

Maximum Allowable Surface Nitrogen Pressure - 
psi 3000 

Maximum Allowable Surface Fresh Water 
Pressure - psi (0.9 x ρLithostatic x D) – (ρFreshWater  x D) 

Maximum Allowable Surface Brine Pressure - psi (0.9 x ρLithostatic x D) – (ρBrine  x D) 

ρLithostatic = psi per foot of depth of overburden = 1.0 
ρFreshWater = psi per foot of depth of fresh water = 0.433 
ρBrine = psi per foot of depth of saturated brine = 0.5195 
 
 

The MASOPs in the table are based on the assumption that fresh water, with a hydrostatic pressure 
of 0.433 psi per foot of depth, will be the solution mining medium and the brine produced will be 
saturated salt (NaCl) brine.  If the specific gravity of the solution medium varies significantly from 
1.0, the maximum allowable surface operating pressure will be changed also. 

 
 3. Maximum Allowable Injection Rate 
 

Under no circumstances shall the injection rate cause the injection pressure to rise above the 
maximum allowable surface operating pressure. 

 
 4. Borehole – Casing Annulus Injection Prohibited 
 

Injection between the outermost casing protecting USDW's and the well bore is prohibited. 
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 5. Minimum Surface Operating Pressure 
 

The permittee shall maintain a minimum operating pressure during the creation of each cavern that is 
protective of each cavern's integrity. 

 
 
E. MONITORING, RECORDING, AND REPORTING REQUIREMENTS (40CFR144.54, 

40CFR146.33, R317-7-10.3(B), and R317-7-10.4(B)) 
 

 1. Class III and Natural Gas Storage Monitoring, Recording, and Reporting Standards for 
Construction Phase  

 
Monitoring, recording, and reporting requirements for the drilling and solution mining of each well 
and cavern shall be those for Class III wells as set forth in R317-7-10.3(B), R317-7-10.4(B) and 
40CFR146.33(b and c) and those generally held to be standards by the underground natural gas 
storage industry (Natural Gas Storage in Salt Caverns: A Guide for State Regulators, IOGCC, 1998 
and Recommended Practice for the Design of Solution-Mined Underground Storage Facilities – API 
Recommended Practice 1114, API, July 2007).   Additionally, the monitoring, recording, and 
reporting requirements for the drilling and solution mining of each well and cavern in the approved 
Application for a Permit to Drill (APD) issued by the Utah Division of Oil, Gas and Mining must be 
met. 
 

 2. Injectate Characterization  
 
The permittee shall submit a full chemical analysis of the injectate plus temperature and specific 
gravity at commencement of cavern formation.  Thereafter, specific gravity and temperature shall be 
reported on the monthly wash reports submitted in the quarterly reports.  Subsequent full chemical 
analysis will only be required if the specific gravity indicates a markedly different chemistry. 
 

 3. Monthly Wash Reports  
 
Monthly solution mining (wash) reports shall be submitted with each quarterly report.  They shall 
include: Specific Gravity, Volume Injected/Extracted, Pressure (mean, maximum, and minimum on 
injection and extraction lines), Temperature, Average Flow Rate (bbls/day), Cumulative Total (bbls) 
for both injectate and brine extracted for each day of cavern mining and the Pressure on the Nitrogen 
Blanket. 
 

 4. Mechanical Integrity Testing 
 
Mechanical integrity testing shall be conducted according to Part III H of this permit.  Due to the 
complexities of creating storage caverns in salt, the mechanical integrity tests shall be designed and 
analyzed by personnel knowledgeable with these tests as applied to natural gas storage facilities. 
 

 5. Sonar Surveys 
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Sonar surveys shall be conducted at least annually to monitor the cavern development and upon 
completion of each well / cavern system. 
 
 

 6. Monitoring of Nitrogen-Brine Interface 
 
Periodically, during cavern creation the position of the nitrogen – brine interface should be verified 
with an interface log or similar method.  Due to the complexities of creating storage caverns in salt, 
this periodic monitoring shall be designed and analyzed by personnel knowledgeable with these tests 
as applied to natural gas and natural gas liquid storage facilities. 
 

 7. Tightness Tests 
 
Hydrostatic pressure tests shall be conducted on zones over five (5) feet thick showing a porosity of 
over 30% on the geophysical logs of the salt interval conducted during the drilling of the pilot hole.  
Due to the complexities of creating storage caverns in salt, the tightness tests shall be designed and 
analyzed by personnel knowledgeable with these tests as applied to natural gas and natural gas liquid 
storage facilities. 

 
 
F. PLUGGING AND ABANDONMENT REQUIREMENTS (40CFR146.10 and R317-7-10.5) 
 
 1. Requirement for Plugging and Abandonment Plan  

 
The permittee shall develop a plugging and abandonment plan (hereafter, the Plan) for the Class III 
solution mining wells and caverns as required by Part II D(15) of this permit.  The approved Plan 
will become a permit condition of this permit and be incorporated into the permit as Attachment D. 
 

 2. Notice of Plugging and Abandonment  
 
The permittee shall notify the Executive Secretary in writing no later than 45 days before planned 
conversion or abandonment of the well(s).  This notice shall also include: 

 
  a) Well Condition Report  
 

The permittee shall provide a report on the current condition of the well in order to update, 
supplement or complete any information found in the Plan.  This report shall discuss in detail 
and evaluate: 

 
   (1) The results of the well's most recent mechanical integrity test,  
 
   (2) The location of any leaks or perforations in the casing,  
 
   (3) The location of any vertical migration of fluids behind the casing, and 
 
   (4) The adequacy of casing cement bonding across the salt formation, as determined from 
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cement bond logs run at the time of well construction or just prior to well abandonment. 
 
  Any supporting data or test results shall be attached to confirm the conclusions of the report. 
 
  b) Individual Plugging and Abandonment Plan  
 

The permittee shall also submit an individual plugging and abandonment plan for each well 
to be plugged and abandoned.  In coordination with the Well Condition Report, this plan 
shall modify and supersede the Plan, as necessary, to ensure adequate plugging and 
abandonment of the well. 
 
The plugging and abandonment of the well shall be subject to prior Executive Secretary 
approval of the individual plugging and abandonment plan.  The Executive Secretary 
reserves the right to grant conditional approval of any individual plugging and abandonment 
plan to ensure adequate plugging of a well. 

 
 3. Emergency Well Conversion or Plugging and Abandonment  
 
 Emergency conversion or abandonment of wells is allowed by this permit, conditional upon the 

following requirements: 
 
  a) The permittee will seek oral approval from the Executive Secretary for emergency well 

conversion or abandonment no less than 24 hours prior to the emergency action. 
 
  b) The permittee will subsequently submit a written request for Executive Secretary approval of 

emergency well conversion or abandonment, with appropriate justification, within five (5) 
working days after receiving oral approval. 

 
  c) The Executive Secretary reserves the right to modify any oral approval for emergency 

action, subsequent to review of the written request. 
 
  d) Oral or written approval from the Executive Secretary for emergency well conversion or 

abandonment will not waive or absolve the permittee from its responsibility to comply with 
the conditions of this permit, including requirements of the Plan. 

 
 4. Plugging and Abandonment  
 
 The permittee shall plug and abandon the well(s) consistent with 40 CFR 146.10, as provided for in 

the Plan, and any conditions issued by the Executive Secretary in approval of the individual 
plugging and abandonment plans required by Part III F(2) of this permit. 

 
 5. Plugging and Abandonment (“As-Plugged”) Report  
 
 Within 60 days after permanently or temporarily plugging and abandoning a well, the permittee shall 

submit a Plugging and Abandonment Report to the Executive Secretary.  The report shall be 
certified as accurate by the person who performed the plugging operation, and shall consist of either: 
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  a) A statement that the well was plugged in accordance with the plan(s) previously submitted 

to, and all conditions of approval provided by, the Executive Secretary; or 
 
  b) If the actual plugging differed from the approved plan(s), a statement and diagrams defining 

the actual plugging and why the Executive Secretary should approve such deviation.  Any 
deviation from the previously approved individual plugging and abandonment plans required 
by Part III F (1) of this permit which may endanger waters of the State of Utah, including 
USDWs, is cause for the Executive Secretary to require the operator to re-plug the well. 

 
 6. Inactive or Temporarily Plugged Wells 
 
  a) Inactive Wells 
 
  After cessation of operation of a well(s) for two years the permittee shall plug and abandon the 

well(s), unless the permittee requests and receives a variance from this requirement from the 
Executive Secretary prior to the end of the two year cessation period, based on: 

 
   1) A demonstration that the well will be used in the future; and 
 
   2) A satisfactory description of actions or procedures that the permittee will take to ensure 

that the well will not endanger an USDW during the period of temporary abandonment. 
These actions and procedures shall include compliance with technical requirements 
applicable to active injection wells unless waived by the Executive Secretary. 

 
  b) Temporary Plugging of a Well  
 
  Temporary plugging of a well shall consist of: 
 
   (1) Submittal of a notice of well conversion. 
 
   (2) Submittal of a well condition report and an individual plugging plan, for Executive 

Secretary approval. 
 
   (3) Emplacement of a bridge plug below the lowermost leak in the casing, if any, or at a 

depth required by the Plan, or at a depth as directed by the Executive Secretary. 
 
   4) Emplacement of at least 10 feet of salt saturated Class B cement immediately above the 

bridge plug.  This cement and its emplacement shall meet requirements of the Plan and 
40 CFR 146.10. 

 
   5) Submittal of an "As-Plugged" Report as required by Part III F (5) this permit. 
 
  c) Temporarily plugged or inactive wells may be reactivated at the discretion of the permittee 

after:  
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   (1) Submitting a written notification of intent to reactivate to the Executive Secretary, and 
 
   (2) Demonstration of mechanical integrity to the Executive Secretary, as required in Part III 

H of this permit, and  
 
   (3) Receipt of Executive Secretary written approval of mechanical integrity demonstration 

and approval to reactivate the well. 
 
 
G. FINANCIAL RESPONSIBILITY (40CFR144.52 and R317-7-9.1(24)) 
 
 1. Demonstration of Financial Responsibility  
 

The permittee is required to maintain financial responsibility and resources to close, plug, and 
abandon all wells / caverns.  Satisfaction of this requirement is demonstrated by submission of 
Certificates of Deposit or other evidence of financial responsibility acceptable to the Executive 
Secretary of the UWQB and the Director of the Division of Oil, Gas and Mining to implement the 
approved plugging and abandonment plan (Attachment D) required by Part II D 15 and Part III F of 
this permit.  Evidence of adequate financial assurance is included in Attachment E of this permit. 

 
 2. Renewal of Financial Responsibility  
 

Every five (5) years, the permittee shall demonstrate the adequacy of the financial assurance 
instrument to close, plug and abandon all wells not permanently plugged and abandoned by the 
permittee in compliance with Part III F of this permit. 

 
 3. Alternate Financial Responsibility  
 

The permittee must submit an alternate demonstration of financial responsibility acceptable to the 
Executive Secretary within 60 days after any of the following events occurs: 

 
  a) The institution issuing the financial assurance instrument files for bankruptcy; or 
 
  b) The authority of the institution issuing the financial assurance instrument is suspended or 

revoked; or 
 
  c) In the case a Certificate of Deposit (CD) is used to demonstrate financial responsibility, 

the CD is determined to be insufficient to cover well closure, plugging and abandonment; 
or 

 
  d) In the case a Certificate of Deposit (CD) is used to demonstrate financial responsibility, 

the CD is suspended or revoked. 
 
 
H. MECHANICAL INTEGRITY (R317-7-10.3(B) and 40CFR146.8) 
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 1. Class III and Natural Gas Storage Mechanical Integrity Standards for Construction Phase  
 

Mechanical integrity testing requirements for each well and cavern prior to gas storage shall be those 
for Class III wells as set forth in R317-7-10.3(B) and 40CFR146.8 and those generally held to be 
standards by the underground natural gas storage industry (Natural Gas Storage in Salt Caverns: A 
Guide for State Regulators, IOGCC, 1998 and Recommended Practice for the Design of Solution-
Mined Underground Storage Facilities – API Recommended Practice 1114, API, July 2007).   
Additionally, the mechanical integrity requirements for each well and cavern prior to gas storage in 
the approved Application for a Permit to Drill (APD) issued by the Utah Division of Oil, Gas and 
Mining must be met. 

 
 All injection wells shall have and maintain mechanical integrity (MI) consistent with the 

requirements of 40 CFR 146.8.  An injection well has MI if there is:  
 
  a) No significant leak in casing, tubing, or packer, and 
 
  b) No significant fluid movement into an USDW through vertical channels adjacent to the 

injection well bore. 
 
 2. Mechanical Integrity Testing (MIT) Methods  
 

The following testing methods shall be employed to demonstrate MI of the well / cavern system: 
 
  a) Hydraulic pressure test of the 20" production casing before drilling out the plug (shoe) and 

after WOC of 72 hours.  The test pressure shall be 125% of the anticipated working pressure 
during gas storage.  The test shall last 30 minutes. 

 
  b) Hydraulic test of casing seat and cement of 20" production casing after 10 feet of salt is 

drilled out below casing shoe.  The surface test pressure shall be 90% of the lithostatic 
pressure as calculated at the casing seat minus the hydrostatic pressure of the test fluid.  The 
test shall last 60 minutes. 

 
  c) Nitrogen-Brine interface test of the 20" casing and the cavern. 
 
 3. Mechanical Integrity Demonstration Plan 
 

The permittee shall prepare a detailed plan to demonstrate MI.  Once the plan is approved by the 
Executive Secretary, it will become a permit condition of this permit and be incorporated as 
Attachment G.  In preparing a plan, which includes MI tests or demonstration methods allowed by 
the Executive Secretary, the permittee shall apply methods and standards generally accepted in the 
industry for conducting and evaluating the tests (40CFR146.8(e)). 

 
 4. Mechanical Integrity Demonstration Frequency  
 

The permittee shall demonstrate MI for each injection well / cavern according to Part III H 2 above: 
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 a) Before the solution mining of each cavern; 
 
 b) Once every 5 years after the initial demonstration, unless the well / cavern system has been 

placed into service, within 5 years, as a natural gas storage facility and regulatory oversight 
authority has been transferred to the Utah Division of Oil, Gas and Mining. 

 
 c) After the solution mining of the cavern has been completed and before the well / cavern 

system has been released from regulatory oversight authority under this permit and 
transferred to the Utah Division of Oil, Gas and Mining.  

 
 d) Following any repair or workover of a well involving the cemented casings, prior to placing 

it back into operation. 
 
 5. Prohibition Without Demonstration  
 
 The permittee shall not commence injection operation of any new well without: 
 
  a) Prior demonstration of MI, and 
 
  b) Receipt of Executive Secretary written approval of the MI demonstration. 
 
 6. Loss of Mechanical Integrity  
 

If the permittee or the Executive Secretary determines that a well fails to demonstrate MI the 
permittee shall:  

 
  a) Cease operation of the well immediately, and 
 
  b) Take steps to prevent losses of brine into USDWs, and 
 
  c) In the event of a mechanical integrity failure which may potentially endanger an USDW, 

report to the Executive Secretary verbally within 24 hours followed by submission of a 
written report within 5 days. 

 
  d) Within 15 days after loss of MI, submit to the Executive Secretary a schedule indicating 

what will be done to restore MI to the well, or if it will be plugged. 
 
  e) Within 90 days after loss of MI, restore MI or plug and abandon the well in accordance with 

a plugging and abandonment plan approved by the Executive Secretary.  
 

The permittee may resume operation of the well after demonstration of MI and receiving written 
approval from the Executive Secretary. 

 
 7. Mechanical Integrity Demonstration Requests  
 

With just cause, the Executive Secretary may at any time require, by written notice, the permittee to 
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demonstrate MI of a well. 
 
 8. Mechanical Integrity Demonstration Inspections  
 

The permittee shall allow the Executive Secretary, or his representative, to observe any or all MI 
demonstrations.  The permittee shall notify the Executive Secretary, in writing, of its intent to 
demonstrate MI, no less than 30 days prior to the intended demonstration. 

 
 9. Mechanical Integrity Demonstration Reporting  
 

The permittee shall submit the results of any MI demonstration within 60 days after completion of 
the test.  The permittee shall include in the report, a detailed description of the tests and the methods 
used to demonstrate MI.  In the case of MI failure, the permittee shall also describe in detail what 
and when steps were taken to reestablish MI. 

 
 
I. ADDITIONAL CONDITIONS (40CFR144.52) 
 

There are no additional conditions placed on this permit. 
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ccady
Text Box
Technical details for the 16" wells for the natural gas liquid storage caverns are presented in the major permit modification application beginning on page 140 of this attachment.
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Renewables .... 

3 1es E. I-1,lIrock Dr., ; ' J 3rJ 
Hol lad d'l , Uta h 84 121 

SOl -99 3 - 7 GOl 

October 20, 2011 

Candace C. Cady
 
Environmental Scientist,
 
Department of Environmental Quality
 
195 North 1950 West
 
Salt Lake City, Utah 84114-4870
 

Candice, 

Enclosed is Magnum's Application for a Permit Modification to the Underground Injection 
Control Class III Area Permit UTU-27-AP-9232389. As discussed during the October 13, 
2011, joint consultation meeting with yourself and representatives from the Division of Oil, 
Gas, and Mining, Magnum is requesting the permit modification to include the solution 
mining of two additional 16-inch injection wells within the previously approved project area. 
The two 16-inch wells will be used to create caverns that will store natural gas liquids such as 
propane and butane. 

Per this discussion, the application has been organized to correspond with the technical report 
submitted with the original permit application. The supplemental application information 
presented includes updated project area maps depicting the general locations of the additional 
wells within the project area and the required solution mining plan, drilling plan, and casing 
program for the 16-inch wells. To facilitate the application review, Magnum has also 
included a table that lists the original VIC permit components and a column that indicates if 
any corresponding update or supplemental information is provided in this application. 

If there are any questions, please feel free to contact me. 

Tiffan :i\. 
Director 0 ov ent Relations 
And Environmental Services 
tjames@westernenergyhub.com 
80 1.993.7001 office 
801.719.9131 cellular 

ccady
Text Box
The following major permit modification application is appended to the original technical report of the original permit.



II 

II 
STATE OF UTAH 

UNDERGROUND INJECTION CONTROL PROGRAM 

CLASS III 
INJECTION WELL 

II 

Modification for 
UIC Permit # - UTU-27-AP-9232389 

Addition of Two (2) 16-inch Injection Wells 

II 

II 

PERMIT APPLICATION PACKAGE 

Last Revised 5/10/2011 



Table of Contents
 

Contents 

General Instructions
 3 

Procedural Infonnation 5
 

Application for Class III Injection Well Pennit Permit Application Page - 1 

Part A Determination of Area of Review (AOR) I
 

PartB Permit Application Maps 4
 

Part G Injection Well Construction Plan 7
 

Part H Injection Well Construction Details 48
 

Part I Injection Well Operation Plan and Procedures 51
 

Part J Monitoring, Recording , and Reporting Plan 53
 

PartK Contingency Plan 57
 

Part L Plugg ing and Abandonment Plan 60
 

Attachments: 

Attachment G-l Solution Mining Plans for Development of the 16-inch Injection Well at Delta, Utah 

Attachment G-2 Well Construction Plan, Well Cementing Plan, Conceptual Casing Program for a 16-inch 
Injection Well, Figure G-2.1 -16-inch Storage Casing Design, and 16-inch Production Casing 
Wellhead Diagram 

II 



GENERAL INSTRUCTIONS
 

The Utah Underground Injection Control (UIC) Administrative Rules (UAC R317-7) regulate the injection of 
fluids into the subsurface. The following instructions outline the procedures, documents, and information 
needed for a Class III injection well permit application. 

1.	 The applicant shall submit an original Permit Application and a Technical Report. Both documents are to 
be submitted in duplicate (one hard copy and one pdf format) to the: 

Utah Department of Environmental Quality 
Division of Water Quality 
195 North 1950 West 
P.O. Box 144870 
Salt Lake City, Utah 84114-4870 

ATTN: Underground Injection Control (UIC) Program 

Telephone inquiries: (801) 536-4300 

2.	 Signature on Application: The person who signs the application form will often be the applicant; when 
another person signs on behalf of the applicant, hislher title or relationship to the applicant should be 
shown in the space provided. In all cases, the person signing the form should be authorized to do so by the 
applicant. An application submitted by a corporation must be signed by a principal executive officer ofat 
least the level ofvice president or his duly authorized representative, ifsuch representative is responsible 
for the overall operation of the facility from which the activity described in the form originates. In the 
case of a partnership or a sole proprietorship, the application must be signed by a general partner or the 
proprietor, respectively. In the case of a municipal, state, federal or other public facility, the application 
must be signed by either a principal executive officer, ranking elected official or other duly authorized 
employee. The Division shall require a person signing an application on behalfofan applicant to provide 
proof of authorization (40 CFR Part 144.32). 

3.	 An application will not be processed until all information required to properly review the application has 
been obtained. When an application is severely lacking in detail or the applicant fails to submit 
additionally requested information in a timely manner, the application may be returned. 
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4.	 An application which involves the injection of a fluid containing radioactive materials shall be 
accompanied by a letter or other instrument in writing from the Utah Division of Radiation Control, 
stating that either the applicant has a license from the Division of Radiation Control governing the 
disposal ofradioactive materials; or that the applicant does not need a license. In the case of radioactive 
materials disposal, the Division of Radiation Control must receive a copy of the application for an 
injection permit. The copy should be mailed to: 

Utah Department of Environmental Quality 
Division of Radiation Control 
P.O. Box 144850 
195 North 1950 West 
Salt Lake City, Utah 84114-4850 

5.	 The Attachment contains some of the federal regulations adopted by Utah that will also be considered in 
evaluating the permit application. The federal regulations included are only a portion ofthose applicable 
to underground injection activities, and are provided as reference to assist in the preparation ofthe permit 
application. The complete federal regulations covering underground injection can be found in the Code of 
Federal Regulations (CFR) Title 40 with updates available in the Federal Register. 
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PROCEDURAL INFORMATION
 

The staffwill review the application for completeness. During the completeness review, the applicant may be 
contacted for clarification or additional information. When all pertinent information is present, a notice that 
an application has been received may be given to other state agencies and local governmental entities 
interested in water quality control and industrial waste management. A draft permit that may include a 
Statement ofBasis will be prepared by the Division and transmitted to the applicant for review. Comments 
from the applicant may result in changes to the draft permit, after concurrence by the Executive Secretary. 
After Executive Secretary approval , the draft permit will be subjected to public comment and/or a public 
hearing. In either case, a notice will be provided to inform the public that a draft permit has been prepared. 

Requirements for the public notice include: 

1.	 That a public notice be published for each draft permit, permit amendment, or permit renewal that has 
been prepared. The notice will appear within each county where the proposed facility or discharge is 
located and each county affected by the discharge. 

2.	 The Executive Secretary will mail notice of the application to affected persons and certain 
governmental entities. 

A public hearing will be scheduled regarding an application when requested by the Water Quality Board 
(Board), the Executive Secretary, the applicant, or any affected person within thirty (30) days following 
newspaper publication. 

The Board may act upon a permit application, a draft permit, a major permit modification, or renewal of a 
permit without holding a public hearing when: 

1.	 Adequate public notice and comment period has been provided, including: (a) notice ofthe application 
has been mailed to persons possibly affected by the proposed permit; (b) notice has been published at 
least once in a newspaper, regularly published or circulated within each county where the proposed 
facility or discharge is located and in each county affected by the discharge; and 

2.	 Within thirty (30) days following publication of the Board's notice the Executive Secretary, the 
applicant, or an affected person has not requested a public hearing; or 

3.	 An application to modify a permit will result in an improvement ofthe quality ofthe fluid authorized 
to be injected and if the applicant does not seek to increase significantly the quantity of fluid to be 
injected or to change materially the pattern or place of injection. 

After resolution of any public comment the Executive Secretary shall issue or deny the draft permit, permit 
amendment, or permit renewal. Within thirty (30) days ofissuance, a copy of the permit or permit denial will 
be mailed to the applicant. 

The information required in 40 CFR 146.34 will be considered by the Executive Secretary before authorizing 
Class III injection wells. 
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UTAH DEPARTMENT OF ENVIRONMENTAL QUALITY
 
Division of Water Quality
 

1422 Underground InjectionControl (UIC) Program
 

CLASS III INJECTION WELL PERMIT APPLICATION 

(Reference to R317-7 and 40 CFR in parentheses indicates sections of Utah UIC Administrative Code and Code 
of Federal Regulations, respectively, requiring information.) 

1.	 Type of Permit Application (check one) 

D Initial Application 

D Permit Renewal, Original Permit No. _ 

•	 Permit Modification, Original PermitNo. UTU-27-AP-9232389 _ 

2.	 Type of Pennit (check one) 

D Individual (Single) Well Permit • Area (Multiple Wells) Permit 

3.	 Facility Operator (Applicant must be the operator ifowner/operatorare different) 
(R317-7-9.1(B); R317-7-9 .1(D)(4) and 40CFR144.31(b» 

Name: Magnum Solution Mining, LLC, fka Magnum Solutions, LLC 
(Individual, Corporation or Other Legal Entity) 

Address: 3165 East Millrock Drive, Suite 330 
(Permanent Mailing Address) 

City: Holladay State: Utah, Zip: 84121 

Telephone Number: .::..80::.,.:1:--.::....;99::..,:3:--7..:....;0"-"0:...:.1. _ 

4.	 FacilityOwner 
(R317-7-9.l(D)(4) and 40CFR144.31(e)(4» 

Name Magnum Solution Mining, LLC, fka Magnum Solutions. LLC 
(Individual, Corporation or Other Legal Entity) 

Address: 3165 East Millrock Drive, Suite 330 
(Permanent Mailing Address) 

City: Holladay State: Utah Zip: 84121 

Telephone Number: 801-993-700 I 
5. Facilitystatus: Federal 

Private X 

State 

Public Other 

(R317-7-9.l (D)(4) and 40CFR144.31 (e)(4» (Indicate) 
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---------------

6.	 List those persons or firms authorized to act for the applicant during the processing of the permit application. 
Include a complete mailing address and telephone number: 

Samuel Quigley and Tiffany James 
Magnum Solution Mining, LLC 
3165 E Millrock Drive, Suite 330 
Salt Lake City, Utah 84121 
(801) 993-700 1 

7.	 List all activities conducted at this facility that require an environmental permit under federal, state, or local 
statutes rules or ordinances.
 
(R3 17-7-9.1(D)(l) and40CFR 144.3 1(e)(l »
 

SEE ORIGINAL PERMIT FOR ACTIVITIES AND PERMIT TABLE 

8.	 List all environmental pennits or construction approvals received or applied for relevant to this facility or this 
locatio n under federal, state, or local statutes, rules or ordinances.
 
(R317-7-9.1(D)(6 ) and 40CFR 144.31(e)(6»
 

MAGNUM SOLUTION MINING, LLC ("MS") fka MAGNUM SOLUTIONS, LLC received the following 
environmental permits or construction approvals for the Magnum Gas Storage Project: 

a.	 SITLA, Seismic Exploration Permit No. 5198 (October 13, 2008); 
b.	 UDNR, Non-Production Well Permit (October 15,2008); 
c.	 USACE Section 404 Permit the Storage Site (August 2010 and January 2011); 
d.	 USFWS and UDWR Federal and State Threatened and Endangered Species Clearances (March 17,2011); 
e.	 FERC 7(c) Certificate of Public Convenience and Necessity (March 17, 2011); 
f.	 BLM Right-of-Way Grant (February 22,2011); 
g.	 NHPA Cultural Resource Clearance- Agency Approval Granted on May 14, 2010, SHPO Concurrence (June 

7,2011); and 
h.	 Millard County Conditional Use Permit for the Storage Site (March 28, 2011); 

9.	 Provide a briefdescription of the solution mining operation (s) (include appropriate North American Industry 
Classification System (NAICS) Codes).
 
(R31 7-7-9. 1(D)(3) and 40CFR 144.31(e)(3) and (8»
 

NAICS Code 486210 - Pipeline Transportation ofNatural Gas for Gas Storage
 

10. Location of Proposed Solution Mining Operation 
(R317 -7-9.l(D)(2) and (40CFRI44.3I(e)(2» 

Facility name: Magnum Gas Storage Pro ject 

Facility mailing address: Rural	 _ 

Facility location description: Southwest Comer ofIntersection ofHighway 174 (Brush-Wellman 
Road) and Jones Road, approximately 3 Y2 miles east-northeast ofSugarville, Utah or 9 miles north of 
Delta, Utah	 _ 
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--- - - ------------Street address: 500 West 9200 North 

City: Delta. Utah 84624	 _ 

County: =..:.M=i=lla=r=d Lease:	 _ 

No. ofWells* : One well per caven} is proposed for a total of 6 wells at the below identified locations. 

For each well provide the following: 

Township; Range; Section; and 1/4, 1/4 Section:
 
TI5S. R7W. Section 23, SW4 ofSW4
 
TI5S. R7W. Section 23, SE4 ofSW4
 
TI5S. R7W. Section 26, NW4 ofNE4
 
TI5S. R7W. Section 26, NE4 ofNW4
 
TI5S. R7W. Section 23, SW4 ofSW4
 
TI5S. R7W. Section 26, NW4 ofNW4
 

UTM Northing (NAD 83 UTM 12, Meters):	 _ 

UTM Easting (NAD 83 UTM 12, Meters):	 _ 
Well # UTM Easting, Northing
 

1 361722.097, 4372871 .594
 
2 361970.705, 4372983.303
 
3 361943.087,4372712.197
 
4 362 192.204, 4372824.684
 
5 361439.3362,4372917.122
 
6 361473.6229, 4372737.485
 

*	 Location(s) of injec tion well(s) should be identified on all maps included in the Technical Report. 

11. Are the proposed injection welles) located on Indian land?	 0 Yes • No 
(R317-7-9.1(D)5) and 40CFR144.31(e)(5 » 

12. Submit the Technical Report with Application (R3 17-7-6.9). 

13. Certification of information submitted on application form and in the Technical Report 
(R317-7-9.3 and 40CF R144.32). 
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ation, including 

--~#k-~'f-..(L~~~i£L:..~------------------

(Name of Company Official: Type or Print Legibly) 

Sf'. /I/ c.L i?~5 /U 
(Title) 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gather and 
evaluate the information submitted. Based on my inquiry ofthe person or persons who manage the system, 
or those persons directly responsible for gathering the information, the information submitted is, to the best 
ofmy knowledge and belief, true, accurate, and complete. I am aware that there are significant penalties for 
submitting false inti e possibility of fine and imprisonment for knowing violations. 

Signature: 

Date: Ode!;&: 20. ~P Jt 
7
 

SUBSCRIBED AND SWORN to before me this d-~~ day of O~ ,20.....1-'..-1_
 

My commission expires on the 2lJ day of ectDI%Y, 20L. 

-------~~~-PU-bl-ic-in--n--fio-r------- a d - ------
c\ftl+- LA~ 

(SEAL) 

e Not. Ii" I'Vllel
 
l'lIllle Ull llig.a
..', , 583645 

My Commission Expires
 

i August 16. 2014
 
ST.·\TE OF UT.<\H 

CFR Page 4 
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Magnum UIC Class III Permit Modification 

Part A - Determination of Area of Review (AOR) with Two (2) Additional 
16-inch Injection Wells 

Per Utah regulation, a fixed radius Area of Review (AOR) of 2 miles around the proposed 
injection well field area (Project Area) has been used for this application. As noted on Map 
A-l.l, Magnum is proposing to solution mine six caverns , four of which were prevlouslv 
approved. Specifics for two additional wells are included in this application. As can be seen 
from the map, the entire Project Area encompasses an area larger than that identified by 
the six individual wells. The entire Project Area has been defined herein as that area 
wherein it is projected that injection/cavern wells could be constructed within the salt 
structure. The area as defined is bounded on the west by a buffer zone offset from the 
surface projection of a main north-south trending fault identified at a depth of 3,000 feet 
during seismic testing and the drilling of exploratory well MH-l, on the south and east by 
the downward dip of the salt structure at 3,000 feet, and on the north by buffer zones 
between exlstlnq and potential future power lines and the Project Area (see Updated Map 
A-l.l). 
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Magnum UIC Class III Permit Modification 

Part B - Amended Permit Application Maps depicting Two (2) Additional 
16-inch Injection Wells 

1. Map of Facility and Project Area 

Map 8-1.1 shows an updated USGS 7 V2 minute topography extending a minimum of 
one mile beyond the Project Area that includes two (2) additional 16-inch injection wells 
in the Project Area. 
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Magnum UIC Class III Permit Modification 

Part G - 16-inch Injection Well Solution Mining Plan 

The solution mining program presented herein is based on the SANSMIC cavern 
simulation model performed by Thomas Eyermann. See the "Solution Mining Plan Using 
16-inch Injection Well at Delta, Utah" in Attachment G-l for details. 

16-inch Injection Well Drilling Program 

The drilling program presented herein is based on lithologic information available from 
the Argonaut and Magnum MH-l wells provided in the initial permit. See the "Well 
Construction Plan" in Attachment G-2 for details. 

16-inch Injection Well Cementing and Casing Program 

A report outlining the basic well casing program, entitled "Conceptual Casing Program for 
16-inch Injection Well", prepared by Thomas Eyermann, is included within Attachment 
G-2. Figure G-2.1 has been inserted to provide a well schematic shOWing the 
anticipated casing construction plan outlined in the Attachment, including casing depths, 
diameters, weight and grade of steel. Information related to the cementing program is 
also provided in Attachment G-2 within the documents entitled "Well Construction Plan" 
and "Specifications for Cementing Services and Materials". 

October 20, 2011 8 
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Attachment G-l 

•	 Solution Mining Plan for Development of Magnum Storage 
Caverns at Delta, Utah Using a 16-inch Injection Well 

October 20, 2011 9 
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Magnum UIC Class III Permit Modification 

Solution Mining Plans for Development of 16-inch Injection Wells at 
Delta, Utah 

Introduction 

This report presents a solution mining plan ("Mining Plan")for the development of 
additional 16-inch injection wells to create salt storage caverns at the proposed Magnum 
facility located near Delta, Utah. The caverns will be developed in a bedded salt deposit 
that has been thickened as a result of tectonics. 

The salt deposit has been explored by at least two boreholes; one drilled for oil and gas 
exploration (Argonaut) and the second drilled by Magnum to explore the salt deposit. The 
Magnum Holdings (MH-1) well was a deviated well. It encountered the top of salt at 
about 3,308 feet. The well then deviated to the northwest. At a drilled depth of 6,238 
feet, the true vertical depth (TVD) was 5,898 feet. 

As a part of the drilling program, 11 core runs were made with the core runs spaced from 
the top of salt to about 6,000 feet . Portions of the cores were analyzed for insoluble 
content. This information was used to estimate the insoluble content for the entire drilled 
salt section from data on the gamma and density logs. 

MH-1 and Argonaut are approximately 300 feet west of the proposed location of the 16" 
injection wells. Based on geophysical surveys of the area, the salt at the proposed liqUid 
wells is estimated to be shallower than was encountered in these two wells. 

For the Mining Plan the final cemented casing string will be set at least 200 feet into the 
salt. The top of the storage caverns will be at about 200 feet below the final cemented 
casing. The maximum diameter of the storage caverns is limited to about 200 feet. The 
cavern will have a final volume of up to 2,000,000 barrels. 

Methodology 

Cavern Simulation Model 

The study utilized the SANSMIC cavern simulation model to project the development of 
salt storage caverns utilizing a single well. SANSMIC is an axisymmetric (two
dimensional) numerical simulation code which approximates the dissolution of salt by 
water. SANSMIC is a Widely used cavern-modeling program developed by Sandia National 
Laboratories. 

The basic input for the model consists of average radii of the well, the depth of th e wate r 
injection and brine production strings, the depth of the product level, wate r injection 
rates, and duration of mining. If a cavern exhibits a region of abnormal or non-symmetric 
growth, SANSMIC cannot fully evaluate continued growth in such a region. However, th e 
simulated growth can be interpreted to closely approximate future growth in region s of 
concern once shape data from sonar surveys of caverns has been obtained. 

October 20, 2011 11 
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Magnum UIC Class III Permit Modification 

As with all numerical mode ls, SANSMIC does not fully represent the actual salt caverns. 
This is due to: 

1.	 The axtsvrnrnetrtc assumption in the model (that the cavern will develop evenly 
about the central wellbore), and 

2.	 Limitations in the equations for flow with in the cavern . 

The axtsvrnrnetrtc assumption is not necessarily a significant limitation to modeling the 
development of salt caverns in domal or bedded salts. Most caverns developed in salt 
domes tend to be uniform in horizontal cross-sections when developed by means of a 
single well. In bedded salts the caverns tend to be elongated in the updip direction if the 
salt is not lying horizontally. In most salt caverns there are localized exceptions to the 
symmetry. 

The salt deposit at Delta has characteristics of both bedded and domal salt. The remnant 
bedding is not flat lying and may influence the horizontal cross-section of the caverns. 
This issue is not addressed in this report. 

The limitations in the hydraulic equations result in over-estimation of development near 
the bottom of the injection tubing in both reverse and direct mining and a corresponding 
underestimation of mining in the upper portions of the cavern. This limitation becomes 
more evident at high water injection rates, higher than 2,500 gpm utilized in this study. 

For this model, the cavern interval from 400 ft to 1,300 feet depth below top of salt was 
divided into a series of twenty-five foot tall cells. The final cemented casing was 16 
inches. The inner string was to be 8-s/8-inch tubing and the outer string to be 13-3/8
inch tubing. The casing sizes do not impact the final solution mining plan, although they 
have some inf luence on the very early days of mining. 

The production flow rate was modeled at 2,500 gpm. A normal dissolution factor of "1 " 
was used for the salt with an assumed cavern brine temperature of 90° F. 

The insoluble content of the salt was set at 9%. The model assumes a generic particle 
size for the insolubles and carries a portion of the insoluble material out of the cavern 
based on modeled fluid velocities in the cavern. 

Cavern Development Plan 

General 

The Mining Plan begins from a borehole completed into the salt, with 16-inch diameter 
casing cemented at about 200 feet below the top of salt and 200 feet above the proposed 
roof of the cavern. Alternatives were developed for caverns of two sizes. The plans are 
similar to each other, with differences being the size of the cavern. The two plans were: 

•	 Develop the cavern to one million barrels capacity, and 
•	 Develop the cavern to two million barrels capacity. 

October 20, 2011 12 
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Magnum UIC Class III Perm it Modifi cation 

For both plans the total drilled depth of the well is assumed to be about 1,300 feet below 
the top of salt. Solution mining is assumed to occur at a constant rate of 2,500 gpm. 

Solution Mining Plan 

Mining begins with the inner tubing string set close the bottom of the borehole, about 
1300 feet below the top of salt. The outer string is set about 600 or 700 feet above the 
inner string, depending upon the size of cavern being developed. A nitrogen roof blanket 
is set at about 200 feet below the final roof peak, or 400 feet below the last cemented 
casing string. The setting depths relative to the top of salt for the tubing strings and 
blanket are shown in Tables 1 and 2 for all steps of each of the two cavern sizes. 

Mining commences with water injected in the deeper inner string and brine produced 
from the outer string - direct mining. Mining in this combined sump and chimney stage 
develops a large sump near the bottom of the cavern for accumulation of the insolubles 
that will be released from the salt during mining of the salt. This initial mining step begins 
development of the chimney where the main cavern will be located. This step lasts about 
70 to 90 days depend ing upon the size of cavern to be developed as shown in Tables 3 
and 4. 

During the sump/chimney stage, the inner tubing may need to be cut one or more times 
to keep it above the accumulating insoluble pile. In order to maintain the maximum 
height of the cavern , the inner tubing should be kept as near to the floor during th is 
stage as is practical. Midway th rough the stage, the roof blanket should be moved uphole 
about 100 feet. 

Mining continues for each step until development of the planned space as shown in 
Tables 3 and 4 . 

Table 1 Setting Depths Relative to Top of Salt for One Million Barrel Cavern 

Mining Step Blanket 
Setting 

Feet 

Production 
Setting 

Feet 

Injection 
Setting 

Feet 

Insoluble 
Setting 

Feet 

Sump/Chimney 
lA 

600 600 1300 1194 

Sump/Chimney 
1B 

500 600 1100 1119 

Reverse 400 1000 600 1024 
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Magnum UIC Class III Permit Modification 

Table 2 Setting Depths Relative to Top of Salt for Two Million Barrel Cavern 

Mining Step Blanket 
Setting 

Feet 

Production 
Setting 

Feet 

Injection 
Setting 

Feet 

Insoluble 
Setting 

Feet 

Sump/Chimney 
1A 

600 700 1300 1178 

Sump/Chimney 
1B 

500 700 1100 1113 

Reverse 400 1000 700 974 

Table 3 Duration and Volumes for Development of One Million Barrel Cavern 

Mining Step Step 
Time 

-
Days 

Total 
Mining 
Time -
Days 

Gross 
Mined 

Volume 
-

Barrels 

Open 
Cavern 
Volume 

- Barrels 

Gross 
Cavern 

Volume 
Barrels 

Cumulative 
Brine 

Produced -
MMbbls 

Sump/Chimney 
1A 

30 30 169,000 152,000 169,000 2.5 

Sump/Chimney 
1B 

40 70 308,000 425,000 477,000 5.9 

Reverse 75 145 843,000 1,170,000 1,320,000 12.0 
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Magnum UIC Class III Permit Modification 

Table 4 Duration and Volumes for Development of Two Million Barrel Cavern 

Mining Step Step 
Time 

-
Days 

Total 
Mining 
Time-
Days 

Gross 
Mined 

Volume 
Barrels 

Open 
Cavern 
Volume 

- Barrels 

Gross 
Cavern 

Volume 
Barrels 

Cumulative 
Brine 

Produced -
MMbbls 

Sump/Chimney 
1A 

40 40 242,000 216,000 242,000 3.3 

Sump/Chimney 
1B 

50 90 397,000 568,000 639,000 7.5 

Reverse 140 230 1,743,000 2,110,000 2,382,000 19.0 

At the completion of the sump/chimney stage, a workover is not required to reposition 
the tubing strings. Instead, the inner string will be cut about 50 feet above the 
insolubles. Before resuming mining the blanket should be reset about 100 feet above its 
previous position, or about the final desired roof peak . The desired depths are shown in 
Tables 1 and 2. 

Mining is resumed in reverse - water is injected in the outer shallow tubing and brine 
produced from the inner, deep string. This method of mining continues until the final 
desired volume of the cavern has been developed. Cavern volume, not elapsed time, is 
the key indicator for changes in blanket depth to form the cavern roof. 

Figures 1 and 2 show the shape of the cavern at complet ion of described steps of the 
min ing program. 

At completion of mining, a workover will be required to remove the mining string and 
install the brine dewatering string. A mechanical integrity test will also need to be 
conducted before inject ing natural gas liquids for storage. 

The Mining Plan concludes designs for two cavern sizes which differ in cavern height and 
maximum cavern diameter. The cavern height is a function of the amount of mining 
completed in the sump/chimney stage as compared to the overall volume of the 
completed cavern . The maximum diameter and open height of each of the two cavern 
sizes is listed in Table S. 

As shown in Table 5, not all of the open space in a salt cavern is useable for sto rage. 
Some portion at the bottom of the cavern will rema in filled with brine because t he 
dewatering string will be set above the floor. This is done to prevent material on the floor 
from being carried into the dewatering string where it might form a plug, stopping br ine 
flow. For of the proposed cavern sizes, a permanent brine pool of about 110,000 barrels 
should be considered as remaining in the caverns. 
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Table 5 Parameters for Magnum Caverns at Completion 

Cavern Maximum 
Diameter 

- Feet 

Depth 
Relative to 

Top of Salt of 
Maximum 

Diameter 
Feet 

Open 
Height 
- Feet 

Open 
Cavern 
Volume 

- Barrels 

Product 
Storage 

Volume 
Barrels 

1,000,000 
bbl Cavern 

155 600 624 1,170,000 1,000,000 

2,000,000 
bbl Cavern 

211 650 574 2,110,000 2,000,000 
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Figure 1: SANSMIC Simulation of One Million Barrel Cavern during Mining 
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Figure 2: SANSMIC Simulation of Two Million Barrel Cavern during Mining 
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Cavern Development 

The development of a 1,000,000-barrel storage cavern will require about 145 days to 
complete at a water injection rate of 2,500 gpm. A 2,000,000-barrel storage cavern will 
require about 230 solution mining days to complete at a water injection rate of 2,500 
gpm. This time is exclusive of any unplanned workovers or other down times. "Solution 
mining days" are days when water is injected at 2,500 gpm without interruption for 24 
hours. The rate of development of each cavern is shown in Figure 3. 

Approximately 12,000,000 barrels of brine are produced during development of the 
1,000,000 barrel caver . 19,000,000 barrels of brine are produced during development of 
t he 2,000,000 barrel cavern in addition to the brine that will be displaced during gas fill. 
Figure 3 shows the change in brine strength as the cavern is developed and when the 
flow regime is changed from direct to reverse circulation. 
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Figure 3: Rate of Cavern Development and Increase in Brine Strength 
for Two Million Barrel Cavern 
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Contingency 

Contingency is an allowance for delays that may result from unforeseen events or from 
reasonably expected events with unknown durations or frequencies. Unforeseen events 
may be something such as loss of a tubing string due to thread failure, which will result 
in loss of time to procure new tubulars and a workover to install them. Other events, 
such as power outages that will interrupt water injection or brine disposal, can be 
expected during the period of development, but the t iming and duration of these outages 
are unpredictable. 

Most developers of solution-mining projects increase the estimated solution-mining ti me 
by an additional 10 percent to 15 percent to account for various interruptions that are 
likely to occur. As the scope of the mining portion of the project becomes better defined, 
the contingency may be reduced. 

Major upsets, such as loss of the roof blanket due to an anomalous zone in the salt, may 
have a drastic impact on schedule. However, the likelihood of such an event is small and 
the impact on the schedule is unpredictable. These major upsets are not prov ided for in a 
contingency allowances in Table 6 below. 

Schedule 

The time required to develop the caverns will involve the t ime for mining, workovers, 
unknown shutdown times, logging episodes, and mechanical integrity testing at the end. 
The total mining time to develop each of the caverns in the Magnum Storage Site field is 
given in Tables 3 and 4. The times in these tables do not include logging , workovers, 
contingency or testing time. 

Table 6 lists cavern development times for each of the caverns including contingency, 
blanket movements with no workovers during the mining . A workover at a specific time is 
not necessarily required, but it is very likely that the caverns will require a workover 
sometime during mining to repair damaged tubing or to allow sonar surveys to be 
conducted. To be conservative on timing, a workover could be included in the schedule 
for cavern development. 
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Table 6 Estimated Times to Develop Caverns to Storage Use 

Mining 
Plan 

Mining 
Time 

(days) 

Workover 
Time 

(days) 

Contingency 
(15% )(days) 

Logging 
and 

Blanket 
Movement 

Time 
(days) 

Mechanical 
Integrity 

Test &. 
Completion 
Workover 

Time 
(days) 

Total 
Time 

(days) 

1,000,000 
bbl 
Cavern 

145 0 22 5 40 212 

2,000,000 
bbl 
Cavern 

230 0 34 8 40 312 

Discussion of Concerns and Further Refinements 

The Mining Plan presented in this report is preliminary. Further effort is required to 
develop more specific plans for each cavern that match the geology determined after the 
well for each cavern is drilled. This additional work includes: 

1.	 Refinem ent of the insoluble component of the salt at the location where the 
llquld storage wells will be drilled. 

2.	 Development of a model to account for the dip of the salt beds. 
3.	 More detailed design of the roof development program. 

The insoluble content of the salt has been estimated from an average of the salt content 
in MH-l. The total quantity, as well as the distribution within the salt, of insolubles at a 
new location may change. This may impact the mining plans for smaller caverns. For 
actual well development, a specific plan for each well should be developed based on the 
geology at that well. 

The Delta salt deposit is a tectonically modified bedded salt. The bedding in the salt is not 
horizontal. Caverns developed in non-horizontally bedded salts tend to develop with an 
elongation to the up-dip direction. The elongation is generally, though not always, 
proportional to the degree of dip - more steeply dipping salts resulting in more elongated 
caverns. A three dimensional model of a cavern will be developed to determine the 
possible extent of the elongation. Withou t pre-existlnq caverns to base dissolution factors 
on, the model will be of limited use but will illustrate the possible elongation. 
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Attachment G-2 

• 16-inch Injection Well Construction Plan 

• 16-inch Injection Well Cementing Plan 

• Conceptual Casing Program for the 16-inch Injection Wells 

• Figure G-2 .1 - 16-inch Wellhead Casing Design 

• 16-inch Injection Wellhead 

• 16-inch Blowout Preventer Equipment 
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16-inch Injection Well Construction Plan 

The following is the general program to be used to drill the Magnum 16-inch injection 
wells. Depths shown are approximate, from Ground Level. 

1.	 Rig up drilling rig. 
2.	 Drive 36-inch conductor casing to approximately 150 feet or refusal. 
3.	 Drill a 17-1j2-inch hole to ±780 feet and log. 
4.	 Open 17-1j2-inch hole up to 34-inch with hole openers of increasing size. 
5.	 Run and cement 750 feet of 30-inch 0.0., 0.75-inch wall thickness, API 5L 

Grade B pipe. Centralizers to be placed every other casing section. 
6.	 Allow the cement to set a minimum of 18 hours. Pressure test the casing in 

accordance with State rules. 
7.	 After the cement sets, cut off the 30-inch casing and weld on a 30-inch x 20

inch reducer and 21-1j4-inch flange. Nipple up a 20-inch annular BOP. 
8.	 Drill a 17-1j2-inch hole to slightly above top of salt structure estimated to be ± 

3,250 feet. Lost circulation may occur over this interval; control as necessary 
by the use of lost circulation material, cement plugs or drill without returns. 

9. Run gamma ray, SP induction and resistivity logs as specified.
 
10.0pen the 17-1j2-inch hole to 28-inch with hole openers of increasing size.
 
l1.Run X-Y caliper log.
 
12.Run and cement ± 2,500 feet of 24-inch 0.0., 1-inch wall thickness, and 700
 

feet of 24-inch 0.0. 1.25-inch wall thickness API 5L X-52 or equivalent 
threaded and coupled pipe to top of salt structure. Use the stab-in cementing 
method. Centralizers to be placed every other casing section. 

13.After the cement sets, pressure test the casing in accordance with State rules. 
14.Cut off the 24-inch casing and weld on a 24-inch x 20-inch reducer and 21

1j4-inch flange. Nipple up a 20-inch annular BOP. 
15.Switch to salt saturated mud after 24-inch casing is set at top of salt structure 

or at the depth where salt structure is encountered during drilling. 
16.Drill a 17-1j2-inch hole to ± 3,400 feet. 
17.Run gamma ray, SP induction, neutron and bulk density logs as specified. 
18.0pen the 17-1j2-inch hole to 24-inch with hole openers and under reamers of 

increasing size. 
19.Run X-Y caliper log. 
20.Run and cement 1,800 feet of 20-inch 0.0., 0.635-inch wall thickness, API N

80 BT&C and 1,550 feet of 20-inch 0.0. and 0.938-inch wall thickness, X-56, 
T&C threaded and coupled line pipe. Use the stab-in cementing method. 
Centralizers to be placed every other casing section. 

21.Allow the cement to set a minimum of 72 hours. Pressure test the casing in 
accordance with State rules. 
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22.Cut off the 20-inch casing and weld on a 21-1j4-inch flange. Nipple up a 20
inch annular BOP. 

23.Drill a 17-1j2-inch hole to ±3,SOO feet. 
24.Run gamma ray, SP induction, neutron and bulk density logs as specified. 
2S.0pen the 17-1j2-inch hole up to 22-inch using hole openers and 

underreamers. 
26.Run X-Y caliper log. 
27.Run and cement 2,000 feet of 16-inch O.D. 0.S66-inch and lASO feet of 16

inch O.D. 0.7iS-inch wall thickness, API N-80 BT&C casing. Use the stab-in 
cementing method. Centralizers to be placed every other casing section. 

28.Allow the cement to set a minimum of 72 hours. Pressure test the casing in 
accordance with State rules. 

29.Drill out plug and ten feet of salt formation. 
30.Pressure test casing shoe in accordance with the State ru les and regulations. 
31.Drili a 12-1j4-inch hole to ±4,800 feet. 
32.Log cuttings and check for loss of drilling fluid indicating a porous formation is 

encountered. If so, perform a tightness test over this interval. 
33.Run gamma ray, neutron and bulk density logs as specified. 
34.If logs indicate a porous zone in the salt section, perform tightness test over 

the zone. 
3S.Under ream the 12-ij4-inch hole to 17-1j2-inch down to a depth of 4,700 feet. 
36.Run X-Y caliper log. 
37.Run casing inspection and cement bond logs in 16-inch casing from shoe to 

surface. 
38.Run in approx. 4,2S0 feet of 13-3j8-inch, 72 Ibjft N-80, BT&C Casing. 
39.Install and test the upper wellhead assembly. 
40.Run in approx. 4,700 feet of 8-Sj8-inch, 36 Ibjft, K-SS, BT&C Casing. 
41.Install remainder of wellhead. 
42.Rig down and move out rig from location. 
43.Clean up location. 
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WELDING PROTOCOL 

1.	 Lift ring welding and inspection to be performed in accordance with AWS 
(American Welding Society) 01.1 Structural Welding Code. Perform 
nondestructive testing (NOT) on the welds using ultrasonic shear wave 
equipment as specified in AWS 01.1 and interpreted by a NOT Level II or III 
Certified Technician who is qualified under ASNT CP-189, Standard for 
Qualification and Certification for Nondestructive Testing Personnel, 2006 
Edition and CP-10S, ASNT Standard Topical Out lines for Qualification of 
Nondestructive Testing Personnel, 2006 Edition .. 

2.	 Casing double joint welding shall be performed in accordance with API 
Standard 1104 Welding of Pipelines and Related Facilities. Pipe base material's 
carbon equivalency will be computed from the material composition as written 
in the Material Test Report (MTR) that is provided when the pipe is purchased. 
The welding contractor will provide a Welding Procedure Specification (WPS) 
that matches the base material and Procedure Qualification Report (PQR) and 
welders who are qualified to the WPS with Welders Qualification Report (WQR). 
The welding contractor will provide the WQR for each potential welder prior to 
beginning production welding. The field supervisor will verify that the WQR and 
welder's photo identification match. Perform nondestructive testing (NOT) on 
the butt welds using radiography as specified in API Standard 1104 and 
interpreted by a NOT Level II or III Certified Technician who is qualified under 
ASNT CP-189, Standard for Qualification and Certification for Nondestructive 
Testing Personnel, 2006 Edition and CP-10S, ASNT Standard Topical Outlines 
for Qualification of Nondestructive Testing Personnel, 2006 Edition. Each 
completed girth, butt weld shall be radiograph tested to API Standard 1104 
qualifications. The radiograph methods and qualifications shall comply with API 
Standard 1104 -"Certification of Nondestructive Testing Personnel" and 
"Acceptance Methods for Nondestructive Testing Personnel". 

3.	 Casing rig welding shall be performed in accordance with API Standard 1104 
Welding of Pipelines and Related Facilities. Pipe base material's carbon 
equivalency will be computed from the material composition as written in the 
Material Test Report (MTR) that is provided when the pipe is purchased. The 
welding contractor will provide a Welding Procedure Specification (WPS) that 
matches the base material and Procedure Qualification Report (PQR) and 
welders who are qualified to the WPS with Welders Qualification Report (WQR). 
The welding contractor will provide the WQR for each potential welder prior to 
beginning production welding. The field supervisor will verify that the WQRand 
welder's photo identification match. Perform nondestructive testing (NOT) on 
the butt welds using radiography as specified in API Standard 1104 and 
interpreted by a NOT Level II or III Certified Technician who is qualified under 
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ASNT CP-189, Standard for Qualification and Certification for Nondestructive 
Testing Personnel, 2006 Edition and CP-105, ASNT Standard Topical Outlines 
for Qualification of Nondestructive Testing Personnel, 2006 Edition. Each 
completed girth, butt weld shall be nondestructively tested to API Standard 
1104 qualifications. The test methods and qualifications shall comply with API 
Standard 1104 "Certification of Nondestructive Testing Personnel" and 
"Acceptance Methods for Nondestructive Testing Personnel". 

SPECIFICATIONS FOR CEMENTING SERVICES AND MATERIALS 

This specification covers the requirements to supply cement, equipment and services for 
storage wells located near Delta, UT. The work will be conducted from a land rig. Cement 
bond logs cannot be used with reliability on the 20-inch plus well casings proposed for the 
gas storage wells and therefore will not be run on the larger casings. A review of cement 
bonding capabilities with PB Energy Storage Systems has confirmed that there are no 
test methods currently available to conduct a bond log. Therefore, cementing operations 
will be visually verified at the time of cementing via the observance of cement rising 
within the outer well annulus to the surface. 

Proposed wellbore configuration (Depths RKB) 

36-inch Conductor Pipe: 0 - Approx. 150 feet (Driven to refusal) 

30-inch Surface Casing: 0 - Approx. 750 feet (Approx. 34-inch Open Hole) 

24-inch Intermediate Casing: 0 - 3,200 feet (Approx. 28-inch Open Hole) 

20-inch Next to Last Casing: 0 - 3,350 feet (Approx. 24-inch Open Hole) 

16-inch Last Cemented Casing: 0 - 3,450 feet (Approx. 22-inch Open Hole) 

Top of Salt: Approx. 3,250 feet 

1.	 Cement specifications for the 30-inch Surface casing. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface: Class A (Standard) + Defoarner (if deemed necessary) 
Water Ratio 5.2 galsjsk 
Slurry Weight 15.6 Ibsjgal. 
Slurry Volume 1.18 cu. ft.jsack 
Excess 50% Open Hole Volume (4 Arm Caliper Available) 

2. Cement specifications for the 24-inch Intermediate. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface : Class A (Standard) + Defoamer (if deemed necessary). 
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Water Ratio 5.2 galsjsk
 
Slurry Weight 15.6 Ibsjgal.
 
Slurry Volume 1.18 cu. ft.jsack
 
Excess 50% Open Hole Volume (4 Arm Caliper Available)
 

3. Cement specifications for the 20-inch Next to Last Casing. Cement job will be 
pumped through a stabbed-in 5-inch DP. 

Cement to surface: Class G (Premium) + 37.2% Salt + Defoamer (if deemed 
necessary). 
Water Ratio 5.0 galsjsk 
Slurry Weight 16.3 Ibsjgal. 
Slurry Volume 1.24 cu. ft.jsack 
Excess 30% Open Hole Volume (4 Arm Caliper Available) 

4. Cement specifications	 for the 16-inch Last Casing. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface: Class G (Premium) + 37.2% Salt + Defoamer (if deemed 
necessary). 
Water Ratio 5.0 galsjsk 
Slurry Weight 16.3 Ibsjgal. 
Slurry Volume 1.24 cu. ft.jsack 
Excess 30% Open Hole Volume (4 Arm Caliper Available) 

WELL CONDITIONING 

Before commencing drilling operations (spudding the well), Magnum will provide detailed 
procedures for conditioning the hole prior to cementing casing. The pre-flush procedure 
will ensure that the wellbore is properly conditioned for cementing operations in 
accordance with recommendations from the cementing contractor. 

The well is conditioned to circulate the drilling fluids, sweep cuttings out of the hole, 
obtain consistent fluid properties, and adjust the fluid viscosity and density in an attempt 
to prevent cement channeling through the fluid. Detailed procedures for this process 
have not been written at this time as it is a typical task during drilling, but when the 
drilling fluids contractor is hired his mud engineer will be tasked to write a program for 
the fluids. 
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REPORT 

During Drilling the casing cement jobs shall be documented by an affidavit from the 
cementing company showing the amount and type of cementing materials and the 
method of placement. 

Three samples of the cement slurry for each of the intermediate and salt casings shall be 
collected in suitable sized and shaped containers so that the hardened cement can be 
tested for compressive strength. 
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Conceptual Casing Program for the 16-inch Injection Wells 

General Well Design 

The 16-inch injection wells for the Magnum salt storage caverns will be drilled from 
surface to more than a thousand feet into the salt. The wells will have a water 
protection string or surface casing and two casing strings (intermediate and production 
casings) cemented into the upper section of the salt. The casing string will be run in a 
wellbore of slightly larger diameter than the casing and cemented into place. The drilling 
and cementing programs are presented in Attachment G-2. 

The surface casing is sized so as to allow for a second contingent intermediate string in 
the event that a problem zone is encountered during drilling that requires a casing 
string to seal it off. The well in general is sized so as to allow product injection into and 
production from the completed cavern at 2,500 gpm with a velocity of less than 20 feet 
per second. The casing sizes also allow use of tubing strings for mining that will 
maintain fluid velocities at about 20 feet per second. This is an acceptable range for 
mining operations. 

The various casing strings are sized to withstand foreseeable collapse, burst and tensile 
forces that might act upon the casing. The goal of the design was to specify casing sizes 
and grades that allow a safety factor of about 1.0 for collapse, 1.0 for burst and 1.6 for 
tensile forces based on published strength data.  

In normal operations collapse forces generally are greatest during cementing of the 
casing string when the inside of the casing is filled with drilling mud and the annulus is 
filled with heavier cement slurry. In normal operations the collapse forces resulting from 
the weight difference between cement and drilling mud are low. At 4,000 feet this can 
amount to about 1,000 psi. However, in keeping with generally accepted practices (such 
as ERCB Directive 10) the collapse pressures are calculated with the assumption that 
the annulus is filled with cement and the inside of the casing is air-filled. 

In the case of the outer mining tubing string, the collapse pressures result from the use 
of nitrogen as a blanket material. The nitrogen roof blanket pressures will be greatest at 
the start of mining when the nitrogen roof blanket is at its deepest location. At the 
worst case (for collapse calculations) the largest pressures occur during reverse mining 
when the cavern is shut-in. In this instance, water is in the outer tubing string, and the 
brine in the cavern is unsaturated and continues to dissolve salt. The continued 
dissolution increases space in the cavern so that the wellhead fluid pressures fall to a 
vacuum. If at the same time the borehole has closed around the hanging tubing, the 
nitrogen pressure will be locked in at its normal operating pressure. The full nitrogen 
pressure of about 2,000 psi will be acting against the 13-3/8-inch tubing with a vacuum 
on the inside. The tubing has been sized to withstand this type of worst case event to 
mitigate the low potential for occurrence. 

Burst forces again are generally greatest during cementing operations but are normally 
very low during normal operations. The worst case occurs if the casing has been run in 
the well, the float shoe/collar gets stuck shut and a gas blowout occurs at the bottom of 
the hole. In this event the full hydrostatic pressure of the drilling mud in the casing 
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was conservatively assumed to be "0" psi. 

In the case of the final cemented casing, significant burst forces occur during min ing 
operations due to the use of nitrogen as the blanket material. After mining is 
completed, lesser pressures will act inside the final cemented casing as a result of 
normal liquid storage operations. 

The conceptual casing program designed for the Magnum 16-inch injection wells are 
summarized in Table 1. In the event that these casing and pipe sizes are not available, 
the next higher grade or increased wall thickness should be chosen. Calculations for 
forces acting on the various strings are shown in Appendix A. The safety factors for the 
various loading scenarios are summarized in Table 2. 

Table 1 Summary of Casings for Magnum Gas Storage Well 

Casing String Size 
inches 

Weight 
pounds/foot 

Grade Depth - feet 

Conductor 36 282.35 B 0 - 150 

Surface 30 234 .29 B 0-750 

Intermediate 24 24 5.64 X-52 0 - 2,5 00 

Intermediate 

Final cemented depth 
3,200 feet 24 303.71 X-52 2,500 - 3,200 

First Salt 20 133 N-80 0 - 1,800 

First Salt 

Final cemented depth 
3,350 feet 20 190.96 X-56 1,800 - 3,350 

Production (2nd Salt) 16 95 N-80 0 - 2,000 

Production (2nd Salt) 

Final cemented depth 
3,450 feet 16 118 N-80 2,0 00 - 3,450 

Outer Mining String 13-3/8 72 N-80 0 - 4,250 

Inner Mining String 8-5/8 36 K-55 0 - 4,700 
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Magnum UIC Class III Permit Modification 

Table 2 Summary of Calculated Factors of Safety 

Safety Factor 

Casing String Collapse  1.0 Burst  1.0 Tensile  1.6 

36-inch Conductor N/A N/A N/A 

30-inch Surface 1.48 5.67 15.53 

24-inch Intermediate 1.10 2.26 4.54 

24-inch Intermediate 1.2 1 2.30 N/A 

20-inch First Salt String 1.05 4.66 3.15 

20-inch First Salt String 1.08 1.97 N/A 

16-inch 
String) 

Production (2nd Salt 1.29 4.58 3.67 

16-inch Production (2nd Salt 
String) 

1.26 3.36 N/A 

13-3/S-inch Outer Mining 
String 

1.3 3 1.67 5.53 

a-SIS-inch Inner Mining 
String 

N/A N/A 4.08 

Sources 

Lone Star Steel, 2002; OCGT 23rd Edition 

American Petroleum Institute, Specification for Line Pipe, API Specification SL 

American Petroleum Institute, Bulletin on Performance Properties of Casing, Tubing and 
Drill Pipe, API Specification 5C2 

American Petroleum Institute, Technical Report on Equations and Calculations for 
Casing, Tubing and Line Pipe Used as Casing or Tubing; and Performance Properties 
Tables for Casing and Tubing, API Technical Report 5C3 

Energy Resource Conservation Board, 2008. Minimum Casing Design Requirements, 
Directive 010 
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Magnum UIC Class III Permit Modification 

Appendix A 

Casing Design Calculations 

Conductor Pipe 

36-Inch, Wall thickness 1-inch, Grade B, Plain end, welded pipe from 0 feet to 
approximately 150 feet. 

Pipe is to be driven by pile driver to refusal. 

Surface Casing 

30-Inch, 234.29 Ib/ft, Wall Thickness O. 75-inch, Grade B, Plain end, welded, pipe from 0 
feet to 750 feet. 

Collapse Calculations 

Assume that the bottom hole depth of the 30-inch surface casing is at ±750 feet from 
surface, with a welded float shoe located at the bottom of the casing string. The worst
case scenario for collapse pressure would be a full column of cement in the casing/hole 
annulus, and a column of gas inside the 30-inch surface casing. 

1.	 (750 feet) (0.052 psi/ft) (15.6 Ib/gal cement) = 608 psi hydrostatic pressure 
exerted on the exterior of the 30-inch casing, at 750 feet. 

2.	 0 psi hydrostatic pressure exerted on the interior of the 3D-inch casing, at 750 
feet. 

3.	 Differential pressure, (collapse pressure) annulus pressure verses pressure inside 
the 30-inch casing equals: 608 psi - 0 psi = 608 psi. 
The 30-inch surface casing has a collapse rating of 898 psi. According to the 
above differential calculations, the proposed 30-inch surface casing to be used 
has a collapse rating greater than any outside pressure that will be exerted 
against the exterior of the casing. 

Burst Calculations: 

Assume that the bottom hole depth of the 30-inch surface casing is at ±750 feet from 
surface, with a welded float shoe located at the bottom of the casing string. The 30-inch 
surface casing will be loaded with 9.5 Ib per gallon drilling mud. The worst case for burst 
is if the float shoe becomes stuck closed and a gas blowout occurs at the shoe. In this 
case there would be a column of gas outside of the casing and a full column of drilling 
mud inside the casing. 

1.	 (750 feet) (0.052 psi/ft/lb/gal) (9.5 Ib/gal drilling mud) = 371 psi hydrostatic 
pressure exerted on the interior of the 30-inch casing, at 750 feet. 

2.	 Differential pressure, (burst pressure) inside pressure verses annulus pressure on 
the outside of the 30-inch casing equals: 371 psi - 0 psi = 371 psi. 
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Magnum UIC Class III Permit Modification 

According to API Bulletin 5L, the 30-inch surface casing has a minimum test 
pressure of 2,100 psi. According to the above differential calculations, the 
proposed 30-inch surface casing to be used has a minimum test pressure greater 
than any inside pressure that will be exerted against the interior of the casing. 

Tensile Calculations: 

The proposed 30-inch surface casing weighs 234.29 Ib/ft and will be set at 
approximately 750 feet, for a total string weight of 176,000 Ibs. The 30-inch, welded 
surface casing proposed has a tensile rating of 2,730,000 Ibs, which is greater than 
tensile weight exerted by the weight of the casing. 

Intermediate String Casing: 

24-inch, 245.64 Ib/ft, Wall Thickness 1.0-inch, X-52 Grade, Plain end fitted with 
threaded connections from 0 feet to 2,500 feet. 

24-inch, 303.71 Ib/ft, Wall Thickness 1.25-inch, X-52 Grade, Plain end fitted with 
threaded connections from 2,500 feet to 3,200 feet. 

Collapse Calculations: 

Assume that the bottom hole depth of the 24-inch 234.29 Ib/ft casing (pipe) at ±3,200 
feet from surface, with a welded float shoe located at the bottom of the casing string. 
The worst-case scenario for collapse pressure would be a full column of cement in the 
casing/hole annulus, and an empty column inside the 24-inch surface casing. 

1.	 (2,500 feet) (0.052 psijft/lb/gal) (15.6 Ib/gal cement) = 2,028 psi hydrostatic 
pressure exerted on the exterior of the 24-inch casing, at 2,500 feet. 

1a.(3,200 feet) (0.052	 psijft/lb/gal) (15.6 lb/qal cement) = 2,596 psi hydrostatic 
pressure exerted on the exterior of the 24-inch casing, at 3,200 feet. 

2.	 Differential pressure, (collapse pressure) annulus pressure verses pressure inside 
the 24-inch casing at 2,500 feet equals: 2,028 psi - 0 psi = 2,028 psi. 

2a. Differential pressure, (collapse pressure) annulus pressure verses pressure inside 
the 24-inch casing at 3,200 feet equals: 2,758 psi - 0 psi = 2,596 psi. 

According to API Bulletin 5L, the 24-inch outer string casing at 2,500 feet has a collapse 
rating of 2,230 psi and at 3,200 feet a collapse rating of 3,130 psi. According to the 
above differential calculations, the proposed 24-inch outer string casing to be used has a 
collapse rating equal to or greater than any outside pressure that will be exerted against 
the exterior of the casing. 

Burst Calculations: 

Assume that the bottom hole depth of the 24-inch surface casing is at ±3,200 feet from 
surface, with a welded float shoe located at the bottom of the casing string. The 24-inch 
surface casing will be loaded with 10.2 Ib per gallon drilling mud. The actual cement 
process will be down drill pipe, which will be stung into the float shoe at 3,200 feet so 
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that the casing is not filled with cement. The worst case for burst is if the float shoe 
becomes stuck closed and a gas blowout occurs at the shoe. In this case there would be 
a column of gas outside the outside of the casing and a full column of drilling mud inside 
the casing . 

1.	 (2,500 feet) (0.052 psijft/lb/gal) (10.2 Ib/gal drilling mud) = 1,326 psi 
hyd rostatic pressure exerted on the interior of the 24-inch casing, at 2,500 feet. 

1a.(3,200 feet) (0 .052 psijft/lb/gal) (10.2 Ib/gal dr illing mud) = 1,697 psi 
hydrostatic pressure exerted on the interior of the 24-inch casing, at 3,200 feet. 

2.	 Differential pressure, (burst pressure) inside pressure verses annulus pressure on 
the outside of the 24-inch casing at 2,500 feet equals: 1,326 psi - 0 psi = 1,326 
psi. 

2a. Differential pressure, (burst pressure) inside pressure verses annulus pressure on 
the outside of the 24-inch casing at 3,200 feet equals: 1,803 psi - 0 psi = 1,803 
psi. 

According to API Bulletin 5L, the 1-inch 24-inch outer string casing has a minimum test 
pressure of 3,000 psi and the 1.25-inch outer string has a minimum test pressure of 
3,902. According to the above differential calculations, the proposed 24-inch surface 
casing to be used has a minimum test pressure greater than any inside pressure that 
will be exerted against the interior of the casing. 

Tensile Calculations: 

The proposed 24-inch outer string casing weighs 245.64 Ib/ft or 303. 711b/ft and will be 
set at approximately 3,200 feet, for a total string weight of 827 ,000 Ibs. 

The proposed 24-inch, welded intermediate casing has a tensile rat ing of 3,757,000 Ibs, 
which is greater than tensile weight exerted by the weight of the casing. 

First Salt String Casing: 

20-Inch, 133 Ib/ft, Wall Thickness 0.635-inch, N-80 Grade, Buttress connection, Casing 
from 0 to 1,800 feet. 

20-Inch, 190.96 Ib/ ft, Wall Thickness 0.938-inch, X-56 Grade, Threaded pipe, from 
1,800 to 3,350 feet. 

Collapse Calculations: 

Assume that the bottom hole depth of the 20-inch fi rst salt string of casing is at ± 3,350 
feet from surface, with a welded float shoe located at the bottom of the casing string. 
The casing string will be made up of two weights of casing. 

Above 1,800 feet the casing will be 133 Ib/ft N-80 casing. From 1,800 feet to 3,350 feet 
the casing will be 190.96 Ib/ft X-56 line pipe. This string will have buttress connections 
above 1,800 feet and proprietary connections on the line pipe. The worst-case scenario 
for collapse pressure would be a full column of cement in the casing/hole annulus, and 
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an empty inside the 20- inch surface casing. 

1.	 (1,800 feet) (0 .052 psijftjlbjgal) (16.3 Ibj gal cement) = 1,526 psi hydrostatic 
pressure exerted on the exterior of the 20-inch casing, at 1,800 feet. 

1a. (3,350 feet) (0 .052	 psi/ftjlbjgal) (16.3 Ibjgal cement) = 2,839 psi hydrostatic 
pressure exerted on the exterior of the 20-inch casing, at 3,350 feet. 

2.	 At 1,800 feet, the differential pressure equals: 1,526 psi - 0 psi = 1,526 psi. 
According to Lone Star Steel, the 20-inch 133-lbjft casing has a collapse rating of 
1,600 psi. According to the above differential calculations, the proposed 20-inch 
first salt string casing to be used has a collapse rating greater than any outside 
pressure that will be exerted against the exterior of the casing. 

2a.At 3,350 feet, the differential pressure equals: 2,839 psi -	 0 psi = 2,839 psi. The 
20-inch 190.96 Ibjft pipe has a collapse rating of 3,080 psi. According to the 
above differential calculations, the proposed 20-inch first salt string casing to be 
used has a collapse rating greater than any outs ide pressure that will be exerted 
against the exterior of the casing. 

Burst Calculations: 

Assume that the bottom hole depth of the 20-inch surface casing is at ±3,350 feet from 
surface, with a welded float shoe located at the bottom of the casing string. The 20-inch 
surface casing will be loaded with 10.2 Ib per gallon drilling mud. The actual cement 
process will be down drill pipe, which will be stung into the float shoe at 3,350 feet so 
the casing will not be filled with cement. The worst case for burst considerations would 
be if there was a gas blowout in the salt after the casing was set but before it was 
cemented. This could potentially leave a column of gas along the outside of the casing 
and a full column of drilling mud inside the casing. 

1.	 (1,800 feet ) (0.052 psijftjlbjgal) (10.2 Ibjgal drilling mud) = 955 psi hydrostatic 
pressure exerted on the interior of the 20-inch casing, at 1800 feet. 

1a.(3,350	 feet) (0.052 psijftjlbjgal) (10.2 Ibjgal drilling mud) = 1,777 psi 
hydrostatic pressure exerted on the interior of the 20-inch casing, at 3,350 feet. 

2.	 Differential pressure (burst pressure), inside pressure verses annulus pressure on 
the outside of the 20-inch casing equals: 955 psi - 0 psi = 955 psi. 

2a.Differential pressure (burst pressure), inside pressure verses annulus pressure on 
the outside of the 20-inch casing equals: 1,777 psi - 0 psi = 1,777 psi. 

The 20-inch pipe has a minimum test pressure of 4,450 psi above 1,800 feet and 3,500 
psi for the lower segment. According to the above differential calculations, the proposed 
20-inch casing to be used has a minimum test pressure greater than any inside pressure 
that will be exerted against the interior of the casing. 
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Tensile Calculations: 

The 20-inch surface casing proposed weighs 133 Ib/ft set at 1,800 feet and 190.96 Ib/ft 
set at approximately 3,350 feet, for a total string weight of 535,000 Ibs. 

API TR5C3 provides a tensile strength for the N-80 buttress end casing at the top of the 
string of 1,685,000 pounds; which exceeds the above-calculated weight of the 20-inch 
casing. 

Production String Casing: 

16-Inch, 95 Ib/ft, N-80, wall thickness 0.566-inch, buttress connection, casing from 0 
to 2,000 feet. 

16-Inch, 118 Ib/ft, N-80, wall thickness 0.715-inch, buttress connection, casing from 
2,000 to 3,450 feet. 

Collapse Calculations: 

Assume that the bottom hole depth of the 16-inch production string of casing is at 
±3,450 feet from surface, with a welded float shoe located at the bottom of the casing 
string . This string will have buttress connections. The worst-case scenario for collapse 
pressure would be a full column of cement in the casing/hole annulus, and gas (from a 
blowout) inside the 16-inch surface casing. 

1.	 (2,000 feet) (0.052 psijft/lb/gal) (16.3 Ib/gal cement) = 1,695 psi hydrostatic 
pressure exerted on the exterior of the 16-inch casing, at 2,000 feet. 

1a. (3,450 feet) (0.052	 psijft/lb/gal) (16.3 Ib/gal cement) = 2,924 psi hydrostatic 
pressure exerted on the exterior of the 16-inch casing, at 3,450 feet. 

2.	 Differential pressure, collapse pressure), annulus pressure verses pressure inside 
the 16-inch casing equals: 1,695 psi - 0 psi = 1,695 psi. According to Lone Star 
Steel, the 16-inch N-80 95 Ib/ft casing has a collapse rating of 2,180 psi. 

2a. Differentia l pressure, collapse pressure), annulus pressure verses pressure inside 
the 16-inch casing equals: 2,924 psi - 0 psi = 2,924 psi. According to Lonestar, 
the 16-inch N-80, 118-lb/ft casing has a collapse rating of 3,680 psi. 

According to the above differential calculations, the proposed 16-inc:h casing to be used 
has a collapse rating greater than any outs ide pressure that will be exerted against the 
exterior of the casing. 

Burst Calculations: 

Assume that the bottom hole depth of the 16-inch surface casing is at ± 3,450 feet from 
surface, with a welded float shoe located at the bottom of the casing string. The 16-inch 
surface casing will be loaded with 10.2 Ib per gallon drilling mud. The actua l cement 
process will be down drill pipe, which will be stung into the float shoe at 3,450 feet so 
the inside of the casing will not be filled with cement. The worst case for burst 
considerations would be if there was a gas blowout in the salt after the casing was set 
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but before it was cemented. This could potentially leave a column of gas along the 
outside of the casing. 

1.	 (2,000 feet) (0.052 psi/ft/lb/gal) (10.4 Ib/gal drilling mud) = 1,082 psi 
hydrostatic pressure exerted on the interior of the 16-inch casing, at 2,000 feet. 

1a. (3,450 feet) (0.052 psi/ft/lb/gal) (10.4 Ib/gal drilling mud) = 1,866 psi 
hydrostatic pressure exerted on the interior of the 16-inch casing, at 3,450 feet. 

2.	 Differential pressure (burst pressure), inside pressure verses annulus pressure on 
the outside of the 16-inch casing equals: 1,082 psi - 0 psi = 1,082 psi. The 16
inch casing above 2,000 feet has a minimum test pressure of 4,950 psi. According 
to the above differential calculations, the proposed 16-inch surface casing to be 
used has a minimum test pressure greater than any inside pressure that will be 
exerted against the interior of the casing. 

2a. Differential pressure (burst pressure), inside pressure verses annulus pressure on 
the outside of the 16-inch casing equals: 1,866 psi - 0 psi = 1,866 psi. According 
to Lone Star Steel, the 16-inch casing has a minimum test pressure of 6,260 psi. 
According to the above differential calculations, the proposed 16-inch surface 
casing to be used has a minimum test pressure greater than any inside pressure 
that will be exerted against the interior of the casing. 

3.	 During mining operations, the 16-inch casing annulus will be filled with nitrogen 
used as a blanket during mining operations. At the surface, the maximum gas 
pressure will be about 2,028 psi I (e A (0.00003347 * 0.58 * depth) = 1,900 psi. 
The wellhead gas pressure is below the rated burst pressure of 4,950 psi of the 
16-inch casing at the surface. 

Tensile Calculations: 

The 16-inch surface casing will be set at approximately 3,450 feet, for a total string 
weight of 391,000 Ibs. 

Lone Star Steel provides a tensile strength for buttress end casing of 1,326,000 pounds; 
which greatly exceeds the above-calculated weight of the 16-inch casing. 

Outer String of Mining Tubing: 

13-3/8-inch, 72 Ib/ft, wall thickness 0.514-inch, N-80 grade, buttress connection, 
casing from 0 to 4,250 feet. 

Collapse Calculations: 

Assume that the nitrogen roof blanket will be at a depth of ±3,900 feet from surface, 
the maximum differential pressure exerted against the 13-3/8-inch casing will be at the 
surface. 

The worst-case scenario for collapse pressure would be a column of freshwater in the 
casing (during the first steps of mining) that goes on a vacuum when the well is shut-in 
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and the brine in the cavern continues to dissolve salt; and nitrogen is in the annulus. 

1. (3,900 feet) (0.052	 psi/ft/lb/gal) (10.0 Ib/gal brine) = 2,028 psi hydrostatic 
pressure exerted on the exterior of the 13-3/8-inch casing, at 3,900 feet. The 
nitrogen pressure on the outside of the string and the brine pressure in the 
cavern are balanced at this point. 

1a. Pressure outside the 13-3/8-inch at the surface is (nitrogen blanket pressure) / 
(1.000316 /\ blanket level depth) = 2,028/ (1.0000316 /\ 3,900) = 1,902 psi. 

2.	 (3,900 feet) (0.052 psi/ft/lb/gal) (10.0 Ib/gal brine) = 2,028 psi hydrostatic 
pressure exerted on the interior of the 13-3/8-inch casing, at 3,900 feet. 

3.	 Differential pressure, collapse pressure), annulus pressure verses pressure inside 
the 13-3/8-inch casing at the surface equals: 1,902 psi - (-100 psi) (vacuum) = 
2,002 psi. According to API Bulletin 5C2, the 13-3/8-inch string casing has a 
collapse rating of 2,670 psi. According to the above differential calculations, the 
proposed 13-3/8-inch casing to be used has a collapse rating greater than the 
pressure that will be exerted against the exterior of the casing. 

Burst Calculations: 

Assume that the bottom hole depth of the 13-3/8-inch surface casing is at ±4,250 feet 
from surface, with an open end of the casing string. The 13-3/8-inch surface casing will 
be loaded with 10.0 Ib per gallon brine during reverse mining steps. The worst case for 
burst considerations would be if the nitrogen blanket bled off and the bottom of the 13
3/8-inch tubing was salted into the 16-inch production casing during normal operations. 
This could potentially leave a column of low-pressure gas along the outside of the tubing 
and high-pressure brine on the inside of the tubing string. 

1.	 Zero psi hydrostatic pressure exerted on the exterior of the 13-3/8-inch casing, at 
the 16-inch casing shoe. 

2.	 Pump pressure (Value unknown but assumed) 1,200 psi exerted on the 13-3/8
inch casing . 

3.	 Fluid pressure at 3,900 feet of (3,900 feet) (0.052 psi/ft/lb/gal) (10.0 Ib/gal 
brine) = 2,028 psi exerted on the interior of the 13-3/8-inch casing at 3,900 feet. 

4.	 Differential pressure (burst pressure), inside pressure verses annulus pressure on 
the outside of the 13-3/8-inch casing equals: 2,028 psi + 1,200 psi (assumed 
pump pressure) - 0 psi = 3,228 psi. According to API Bulletin 5C2, the 13-3/8
inch casing has a minimum test pressure of 5,380 psi. According to the above 
differential calculations, the proposed 13-3/8-inch surface casing to be used has a 
minimum test pressure greater than any inside pressure that will be exerted 
against the interior of the casing. 

Tensile Strength: 

At this time, the depth for the outer string tubing is 72 Ib/ft casing to 4,250 feet. Based 
on these depths, the maximum string weight will be 306,000 Ibs. This is well below the 
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maximum tensile strength at t he surface of 1,693,000 Ibs. 

Inner String of Mining Tubing: 

8-S/8-inch, 36 Ib/ft, wall th ickness OA-inch, K-SS Grade, buttress connection, casing 
from 0 to 4,700 feet. 

Burst & Collapse: 

The 8-S/8-inch inner wash string has the similar circumstance as the 13-3/8-inch outer 
string tubing, in that the tubing will basically have equal weight offluids (brine water) on 
the outside as well as the inside, internal and external pressures will be equal. 
Therefore, since there will not be any differential pressures exerted externally or 
internally, burst and collapse calculations are not necessary. The 8-S/8-inch tubing will 
not have nitrogen acting against it. 

Tensile Strength: 

At this time, the deepest depth for the inner tubing (8-S/8-inch 32 Ib/ft) is estimated at 
approximately 4,700 feet. Based on this depth, the maximum string weight will be 
169,000 Ibs. This is well below the maximum tensile 690,000 Ibs. 

Sources: OCTG Products, 23rd Edition, Lone Star Steel 
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16-inch Well Blowout Preventer Equipment for Magnum Salt Cavern 
Drilling 

Wells drilled into salt generally utilize some well control equipment. The well control 
equipment almost always includes an annular, bag-type blowout preventer. Magnum will 
follow industry practice and use an annular blowout preventer (BOP) when drilling the 
cavern wells near Delta, Utah. The geology of the area is known from the nearby 
Magnum test well and the Argonaut Well as well as the nearby industrial water wells. 
These wells demonstrate that the formations to be drilled above the salt, as is the salt 
itself, are gas-free. The Argonaut Well penetrated the entire sequence of salt and the 
Magnum well penetrated the salt to a depth over 1,000 feet deeper than the intended 
storage well depth. Additionally, the geophysical lines that run over the area show there 
are no structures present in the overlying formations that could trap gas. This is typical 
of the basin and range deposits that have been explored for hydrocarbon production. 
Consequently, additional equipment used in deep oil and gas wells such as shear and 
pipe rams will not be needed for the storage wells. 

The size of the storage wells require that bottom hole assembly be run into the well, the 
BOP equipment be stripped over the drilling assembly and then the BOP installed on the 
casing. The exact size of the annular preventer to be used will be determined by 
availability at the time drilling commences, but will be at least 20-inch, 5000 psi. Once 
the BOP is installed, testing of the equipment then follows oil and gas industry standards. 
The BOP equipment must be stripped off and then put back over the drilling string 
whenever a bit change is required. 

The preventer will be installed on the surface casing after it is cemented in place. The 
preventer will be installed on a temporary flange welded to the last string of casing in the 
well at the time. Functionality testing of the equipment is conducted every time it is 
installed. The preventer will be connected to the closing unit by high-pressure hydraulic 
hoses. A joint of drillpipe will be picked up by the rig and run into the preventer. The 
preventer will then be closed from the control unit and checked that the bag has sealed 
around the drillpipe. If the closing is visually correct, the preventer will be opened, the 
drillpipe removed and rig activities will then continue. 
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Blowout Preventer Equipment
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Part H - 16-inch Injection Well Construction Details 

A schematic showing basic injection well casing details was discussed within Part G and 
shown in Figure G-2.1. During the initial stage of mining which will be done in direct 
mode, the average injection pressure will be about 2,500 psi. The average injection 
pressure during the long second phase of solution mining, which will be in reverse mode, 
will be about 725 psi. 

Mechanical Integrity Testing 

Several testing methods will be employed to demonstrate mechanical integrity of the 
well/cavern system. These methods vary depending upon the stage of development of 
the well or cavern. 

1.0 During Drilling 

After cementing the 16-inch production casing, the casing will be tested before continuing 
drilling. A hydraulic pressure test of the 16-inch production casing will be conducted 
before drilling out the plug (shoe) and after waiting at least 72 hours to allow the cement 
to set. The test pressure shall be 125% of the anticipated working pressure during 
product storage, about 2,020 psi at the cement plug or about 405 psi at the surface. The 
test will last 30 minutes. The test will be considered good if the pressure loss is less than 
5%. 

After drilling out the cement plug and drilling about 10 feet of salt below the casing shoe, 
a hydraulic pressure test of casing seat and cement in 16-inch production casing will be 
run. The surface test pressure will be 80% of the Iithostatic pressure as calculated at the 
casing seat minus the hydrostatic pressure of the test fluid, or about 870 psi. The test 
will last 60 minutes. The test will be considered good if the pressure loss is less than 5%. 

2.0 Test of the 16-inch Casing and the Cavern during Development 

Prior to initiating solution mining and again at the completion of solution mining, the 
cavern will be tested using the nitrogen mechanical integrity technique. The test pressure 
at the shoe of the 16-inch cemented casing will be about 0.75 psi per foot of depth, or 
about 0.23 psi per foot greater that the normal operating pressure (0.52 psi per foot of 
depth) to ensure that the casing and cement are not leaking. 

The nitrogen mechanical integrity test technique essentially involves pressuring the well, 
and cavern after mining, to the desired test pressure, and injecting nitrogen in the outer 
annulus of the well (the space between the cemented 16-inch casing and the hanging 13
3/8-inch tubing) to a depth about 50 to 100 feet below the casing shoe. 

The well will then be shut-in for 24 to 48 hours to allow the nitrogen temperature to 
equalize with the in-situ temperature. The initial depth of the nitrogen/brine interface 
below the casing shoe and the temperature of the wellbore will then be measured with a 
wireline tool. After a period of time, not less than 24 hours, determined by the size of the 
borehole below the casing shoe, a second interface and temperature survey will be run. 
The pressure at the wellhead will be monitored and recorded continuously during testing. 
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The change in the calculated volume of the nitrogen between the two interface 
measurements will be determined from the surface nitrogen pressure, the well 
temperature logs and the change in the level of the nitrogen/brine interface. The change 
in the nitrogen volume will then be converted to an equivalent fluid loss. 

The temperature stabilization period, the duration of the test and the desired depth of 
the initial nitrogen/brine interface level will be determined from logs run during and after 
well construction. The selection of these features will be made so as to ensure that the 
test has a minimum detectable leak rate (test sensitivity) of no more than 500 barrels 
per year of nitrogen. An acceptable test will be a demonstration that the calculated leak 
rate is less than the minimum detectable leak rate. 

All pressure monitoring instruments will be calibrated in accordance with manufacturer's 
recommendations. Testing will be performed under the supervision of a degreed engineer 
experienced in salt cavern testing. The report will be submitted to the Executive Secretary 
within 60 days of completion of the test. 

3.0 Storage Operations 

Following the post-completion mechanical integrity test, the caverns will be tested on 
a periodic basis using methods and procedures in accordance with requirements set 
forth by the State of Utah. 
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Part I - 16-inch Injection Well Operation Plan and Procedures 

The injection well operating plan and procedures is outlined within the report "Solution 
Mining Plans for Development of 16-inch Injection Wells at Delta, Utah" presented within 
Part G, and included within Attachment G-l. A Cavern Well Schematic is also shown in 
Figure G-2.1. The report generally defines the following operating criteria: 

Average Daily Rate: 2,500 gpm 

Maximum Daily Rate: 2,500 gpm 

Volume of Fluid to be Injected: 

1,000,000 cavern-12 million barrels (504 million gallons) 

2,000,000 cavern-21 million barrels (882 million gallons) 

Average Injection Pressure: 700 psi 

Maximum Injection Pressure: 700 psi 

The report included within Attachment G-l also includes information related to t he 
mining methods and stages, tubing placements, testing, and information related to 
potential problems that could be associated with cavern creation. 

Injected water will be obtained from local ground water sources within confined aquifers 
located generally at depths greater than 1,450 feet. Representative water quality data 
collected from exploratory well MH-1 within potential source zones was previously 
discussed in Part C of the original application and water quality data is provided within 
Attachment C-1.2. Because the source of water is a new source, no quality range data 
is available for the source. However, little variation is expected due to the limiting nature 
of the confined aquifer. 

October 20, 2011 S2 

bpugh
Highlight

bpugh
Highlight

bpugh
Highlight

bpugh
Highlight

bpugh
Highlight

bpugh
Highlight

bpugh
Highlight



Magnum UIC Class III Perm it Modification 

Part J 

Magnum Solution Mining, LLC
 

Millard County, Utah
 

Magnum Gas Storage Project
 

16-inch Injection Well Monitoring, Recording, and Reporting Plan 

October 20, 2011 53 



Magnum UIC Class III Permit Modification 

Part J - 16-inch Injection Well UIe Monitoring, Recording, and 
Reporting Plan 

1.0 REQUIREMENTS 

Submit a monitoring, recording, and reporting plan, including maps, for meeting the 
monitoring and reporting requirements of R317-7-10.3(B), 40CFR146.33, 40CFR146.8, 
and R317-7-10(B). In the plan: 

1.	 Identify types of tests, methods, and equipment used to generate monitoring 
data 

2.	 Address the proper use, maintenance, and installation of monitoring equipment 
3.	 Propose the type, intervals, and frequency sufficient to yield data that are 

representative of monitored activity. 

2.0 PHYSICAL AND CHEMICAL CHARACTERISTICS OF INJECTED FLUID 

The Magnum salt storage caverns will be solution mined using fresh water produced from 
water wells located on the Magnum facility. The salinity of the injected fluid will be 
measured, along with the fluid temperature on a daily basis. Specific qravltv and 
temperature will be monitored using calibrated hydrometers and thermometers. 
Hydrometers will be calibrated and maintained in accordance with ASTM A126-0Sa and 
thermometers will be calibrated and maintained in accordance with ASTM E77-07. 

The data will be trended to ensure that no changes in the injected water take place 
during the duration of the solution mining operations. 

3.0 MONITORING OF INJECTION PRESSURE AND FLOW 

Injection pressures, injection flow rates, injection temperature, brine pressure, brine flow 
rate, brine temperature and the nitrogen blanket pressure will be monitored continuously 
by instrumentation in the control room. The information will be recorded at least once per 
day as a daily summary. The daily summary will be included in quarterly reports. This 
data will be used to calculate the growth of the cavern and provide a daily check on well 
integrity by ensuring that the water inflow and brine outflow balance. All the recorded 
data will be available to the State of Utah DWQ Executive Secretary upon request. 

All pressure monitoring, temperature monitoring, and flow rate monitoring 
instrumentation calibration will be done in accordance with manufacturer 
recom mendations. 

4.0 DEMONSTRATION OF MECHANICAL INTEGRITY 

Prior to initiating solution mining and at the completion of leaching, the cavern will be 
tested using the nitrogen mechanical integrity technique. The test pressure at the shoe of 
the 16-inch cemented casing will be slightly above (about 0.92 psi per foot of depth) the 
permitted operating pressure (0.90 psi per foot of depth) to ensure that the casing and 
cement are not leaking. The nitrogen mechanical integrity test technique essentially 
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involves pressuring the cavern or well to the desired test pressure, and injecting nitrogen 
in the outer annulus of the well (the space between the cemented 20-inch casing and the 
hanging 16-inch tubing) to a depth about 50 to 100 feet below the casing shoe. 

The well will then be shut-in for 24 to 48 hours to allow the nitrogen temperature to 
equalize with the in-situ temperature. The initial depth of the nitrogen/brine interface 
below the casing shoe and the temperature of the wellbore will then be measured with a 
wire line tool. After a period of time, not less than 24 hours, determined by the size of 
the borehole below the casing shoe, a second interface and temperature survey will be 
run. The pressure at the wellhead will be monitored and recorded continuously during the 
test. 

The change in the calculated volume of the nitrogen between the two interface 
measurements will be determined from the surface nitrogen pressure, the well 
temperature logs and the change in the level of the nitrogen/brine interface. The change 
in the nitrogen volume will then be converted to an equivalent flu id loss. 

The temperature stabilization period, the duration of the test, and the desired depth of 
the init ial nitrogen/brine interface level will be determined from logs run during and after 
well construction. The selection of these features will be made so as to ensure that th e 
test has a minimum detectable leak rate (test sensitivity) of no more than 500 barrels 
per year of nitrogen. 

Prior to the commencement of testing all pressure mon itoring instruments will be 
calibrated in accordance with manufacturer's recommendations. Testing will be performed 
under the supervision of a degreed engineer and the report submitted to the Executive 
Secretary within 30 days of test completion. 

Following the post-completion mechanical integrity test the caverns will be tested on a 
periodic basis using methods and procedures in accordance with requirements set forth 
by the State of Utah. 

5.0 MONITORING OF CAVERN DEVELOPMENT 

During solution mining of the caverns, the development of the cavern will be controlled 
by monitoring of the fluid injection and production quantities (Item 3.0 above) and 
periodic performance of sonar caliper surveys. The measured quantity of water injected 
and salinity of the produced brine will be used to calculate the daily increase in cavern 
volume. The sonar caliper surveys will be run at least once a year and at completion of 
mining in each cavern. The sonar survey will provide a check on the calculated cavern 
volume and the shape of the cavern. 

6.0 MONITORING OF FLUID LEVEL IN FORMATION 

This section is not applicable for solution mining wells since the well is full at all t imes. 

7 .0 QUARTERLY REPORTING ON MONITORING WELLS IN SUBSIDENCE ZONES 

No monitoring wells are planned for the Magnum project. Subsidence will be monitored 
on an annual basis by Magnum and will be evaluated by a degreed engineer who is 
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thoroughly experienced in subsidence of cavern storage facilities. Subsidence 
measurements will begin with a baseline survey that will be run prior to starting solution 
mining. 

Subsidence surveys will be during operations of the facility. The subsidence report will be 
submitted to the Executive Secretary on an annual basis. Subsidence surveys will be 
conducted by measuring precise elevations of fixed points within the cavern field, the 
total Magnum facility and along public right-of-ways. The elevations of the points in and 
adjacent to the cavern field will be measured from a benchmark located at a distance 
from the facility that will not be impacted by any subsidence related to the caverns. 

8.0 QUARTERLY REPORTING -EXECUTIVE SECRETARY 

Daily summaries of water and brine pressures, temperatures, fluid volumes, and space 
created as well as the nitrogen blanket pressure will be reported to the Executive 
Secretary on a quarterly basis. Total volume of water injected and brine withdrawn from 
the storage cavern will be reported to the Executive Secretary on a quarterly basis. 
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Part K - 16-inch Injection Well UIC Contingency Plan 

1.0 REQUIREMENTS 

Magnum will submit a monitoring, recording, and reporting plan, including maps, for meeting 
the monitoring and reporting requirements of R317-7-10.3(B), 40CFR146.33, 40CFR146.8, 
and R317-7-10(B). The contingency plan is for measures to be taken in the event of a loss of 
cavern/well integrity. The plan has three main purposes: 

• Identify the methods used to monitor well data 

• Identify the monitoring equipment to be used 

• Propose the actions to be taken in the event of a loss of cavern/well integrity. 

2.0 MONITORING AND ACTIONS DURING WELL CONSTRUCTION 

During drilling, the wells will be monitored continuously by observing fluid levels in the mud 
system. A loss of fluid level will indicate drilling mud is leaving the borehole. In this event, the 
appropriate measures will be taken to stop the lost circulation. These measures could include 
adding various substances to the drilling mud as it is pumped down the hole. These substances 
are generally inert materials such as cotton seed hulls, cellophane chips or bentonite gel that are 
designed to plug pores in the rock. If the fluid loss cannot be contained by conventional mud 
additives, it may be necessaryto set a cement plug acrossthe problem zone or set and cement a 
string of casing through the loss zone. 

3.0 METHODS USED TO MONITOR WELL DATA DURING CAVERN DEVELOPMENT 

The wells will be monitored during solution mining on a continuous basis. The well/cavern 
pressures will be collected continuously at the wellhead(s) and transmitted to a central 
control facility. Cavern flow rates and temperatures will be monitored by individual flow meters 
on the water and brine lines of each cavern. The pressure, temperature and flow data will be 
recorded on a regularly timed basis and stored. 

4.0 MONITORING OF INJECTION PRESSURE AND FLOW 

Well/Cavern water pressures (static or flowing), water flow rates, water temperature, brine 
pressure, brine flow rate, and brine temperature will be continuously monitored. Pressures 
will be measured using electronic pressure indicators. Flow rates will be measured with meters 
(ultrasonic or orifice type) capable of measurement in injection or withdrawal operations. All 
pressure monitoring, temperature monitoring, and flow rate monitoring instrumentation will be 
calibrated in accordance with manufacturer recommendations. 

5.0 ACTION(S) TAKEN IN THE OF LOSS OF CAVERN/WELL INTEGRITY 

If a loss of pressure integrity is indicated in a cavern/well, the system will be depressured to a 
point that will minimize the loss of nitrogen. This will preclude the flow of brine out of the 
Cavern/Well system and into the overlaying fresh water formations. This may necessitate 
reversing the direction of flow in the well to ensure that water fills the 16-inch x 13-3/8-inch 
annulus that is normally filled with nitrogen. Further testing and evaluation will then be 
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undertaken to assess further actions with the approval of the State of Utah DWQ Executive 
Secretary. 

In the event of a major loss of integrity in the cavern/well, mining will be stopped and the 
cavern depressured to a zero pressure at the wellhead. Further testing and evaluation will 
then be conducted with the approval of the Executive Secretary. 
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Part L – 16-inch Injection Well Plugging and Abandonment Plan 

The following procedures are provided as a general guideline. Actual plugging measures 
will be submitted in advance to DWQ (prior to commencement of product storage) or 
DOGM (after commencement of storage operations) for approval. 

1. Form DOGM-9 will be submitted (after commencement of product storage) for 
procedural approval. 

2. All stored product will be removed and the cavern will be filled with saturated 
brine water. 

3. All free hanging tubing will be pulled from the well. 
4. The exact depth to the bottom of the cemented production casing will be 

determined. 
5. A drillable plug capable of supporting a cement plug will be installed in the 

cemented casing with the bottom of the plug within 10 feet of the end of the 
casing. 

6. The following plugs will be placed. All cement plugs will be Class G cement with no 
additives and the slurry weight will be 14.5 pounds per gallon or more. 

a. Bottom plug: A 300-foot plug from the plug at the bottom of the production 
casing upward. 

b. Surface casing plug: A 150-foot plug from 75 feet below the bottom of the 
surface casing upward. 

c. Top plug: A 75-foot plug from 75 feet below surface grade upward to 
surface.  

7. The casing between each of the plugs shall be filled with a non-corrosive mud 
slurry of at least 10 pounds per gallon weight. 

8. An alternative technique that could be used involves filling the entire wellbore with 
cement. 

9. Upon completion of the plugging operation, all reports will be filed in accordance 
with DWQ or DOGM rules as applicable. 
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Plan for Plugging and Abandonment 
of Class III Solution Mining Wells 
and Caverns before Gas Storage 

 
The following procedures are provided as a general guideline. Actual plugging measures would 
be submitted in advance to DWQ (prior to commencement of gas storage). 

1. At least 45 days before the planned plugging, Magnum will notify the DWQ Executive 
Secretary of the proposed plugging with a Well Condition Report and a well-specific 
Plugging and Abandonment Plan. 

2. The Well Condition Report will include a discussion of the following: 
a. The results of the well's most recent mechanical integrity test,  
b. The location of any leaks or perforations in the casing,  
c. The location of any vertical migration of fluids behind the casing, and 
d. The adequacy of casing cement bonding across the salt formation, as determined from 

cement bond logs run at the time of well construction or just prior to well 
abandonment. 

3. All nitrogen or other blanket material will be removed and the cavern will be filled with 
saturated brine water. 

4. All free hanging tubing will be pulled from the well. 

5. The exact depth to the bottom of the cemented production casing will be determined. 

6. A drillable plug capable of supporting a cement plug will be installed in the cemented 
casing with the bottom of the plug within 10 feet of the end of the casing. 

7. All cement plugs to be Class G cement with no additives and slurry weight of 14.5 
pounds per gallon or more. 

8. The entire wellbore from the bridge plug to surface will be filled with cement. 

9. In the event the cemented casing is determined to be leaking, the casing will be 
perforated at the level of the leak and cement squeezed into the perforations.  

10. An alternative technique which could be used involves setting the following plugs. 

a. Bottom plug: A 300-foot plug from the plug at the bottom of the production 
casing upward. 

b. Surface casing plug: A 150-foot plug from 75 feet below the bottom of the 
surface casing upward. 

c. Top plug: A 50-foot plug from 50 feet below surface grade upward to surface. 

d. The casing between each of the plugs shall be filled with a noncorrosive mud 
slurry of at least 10 pounds per gallon weight. 

 
11. Upon completion of the plugging operation, all reports will be filed in accordance 

with DWQ  rules as applicable. 

PUBLIC COPY
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Part L – 16-inch Injection Well Plugging and Abandonment Plan 

The following procedures are provided as a general guideline. Actual plugging measures 
will be submitted in advance to DWQ (prior to commencement of product storage) or 
DOGM (after commencement of storage operations) for approval. 

1. Form DOGM-9 will be submitted (after commencement of product storage) for 
procedural approval. 

2. All stored product will be removed and the cavern will be filled with saturated 
brine water. 

3. All free hanging tubing will be pulled from the well. 
4. The exact depth to the bottom of the cemented production casing will be 

determined. 
5. A drillable plug capable of supporting a cement plug will be installed in the 

cemented casing with the bottom of the plug within 10 feet of the end of the 
casing. 

6. The following plugs will be placed. All cement plugs will be Class G cement with no 
additives and the slurry weight will be 14.5 pounds per gallon or more. 

a. Bottom plug: A 300-foot plug from the plug at the bottom of the production 
casing upward. 

b. Surface casing plug: A 150-foot plug from 75 feet below the bottom of the 
surface casing upward. 

c. Top plug: A 75-foot plug from 75 feet below surface grade upward to 
surface.  

7. The casing between each of the plugs shall be filled with a non-corrosive mud 
slurry of at least 10 pounds per gallon weight. 

8. An alternative technique that could be used involves filling the entire wellbore with 
cement. 

9. Upon completion of the plugging operation, all reports will be filed in accordance 
with DWQ or DOGM rules as applicable. 
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(original documents at Utah DNR DOGM) 
 

FA will be submitted by Magnum according to permit 
compliance schedule Part III B 1 
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The blacked out portions of the wells construction plan are considered Confidential Business Information by the 
permit applicant. 
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Text Box
Well construction details for the 16" wells and the natural gas liquid storage caverns are presented at the end of this attachment.
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16-inch Injection Well Construction Plan 

The following is the general program to be used to drill the Magnum 16-inch injection 
wells. Depths shown are approximate, from Ground Level. 

1.	 Rig up drilling rig. 
2.	 Drive 36-inch conductor casing to approximately 150 feet or refusal. 
3.	 Drill a 17-1j2-inch hole to ±780 feet and log. 
4.	 Open 17-1j2-inch hole up to 34-inch with hole openers of increasing size. 
5.	 Run and cement 750 feet of 30-inch 0.0., 0.75-inch wall thickness, API 5L 

Grade B pipe. Centralizers to be placed every other casing section. 
6.	 Allow the cement to set a minimum of 18 hours. Pressure test the casing in 

accordance with State rules. 
7.	 After the cement sets, cut off the 30-inch casing and weld on a 30-inch x 20

inch reducer and 21-1j4-inch flange. Nipple up a 20-inch annular BOP. 
8.	 Drill a 17-1j2-inch hole to slightly above top of salt structure estimated to be ± 

3,250 feet. Lost circulation may occur over this interval; control as necessary 
by the use of lost circulation material, cement plugs or drill without returns. 

9. Run gamma ray, SP induction and resistivity logs as specified.
 
10.0pen the 17-1j2-inch hole to 28-inch with hole openers of increasing size.
 
l1.Run X-Y caliper log.
 
12.Run and cement ± 2,500 feet of 24-inch 0.0., 1-inch wall thickness, and 700
 

feet of 24-inch 0.0. 1.25-inch wall thickness API 5L X-52 or equivalent 
threaded and coupled pipe to top of salt structure. Use the stab-in cementing 
method. Centralizers to be placed every other casing section. 

13.After the cement sets, pressure test the casing in accordance with State rules. 
14.Cut off the 24-inch casing and weld on a 24-inch x 20-inch reducer and 21

1j4-inch flange. Nipple up a 20-inch annular BOP. 
15.Switch to salt saturated mud after 24-inch casing is set at top of salt structure 

or at the depth where salt structure is encountered during drilling. 
16.Drill a 17-1j2-inch hole to ± 3,400 feet. 
17.Run gamma ray, SP induction, neutron and bulk density logs as specified. 
18.0pen the 17-1j2-inch hole to 24-inch with hole openers and under reamers of 

increasing size. 
19.Run X-Y caliper log. 
20.Run and cement 1,800 feet of 20-inch 0.0., 0.635-inch wall thickness, API N

80 BT&C and 1,550 feet of 20-inch 0.0. and 0.938-inch wall thickness, X-56, 
T&C threaded and coupled line pipe. Use the stab-in cementing method. 
Centralizers to be placed every other casing section. 

21.Allow the cement to set a minimum of 72 hours. Pressure test the casing in 
accordance with State rules. 
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22.Cut off the 20-inch casing and weld on a 21-1j4-inch flange. Nipple up a 20
inch annular BOP. 

23.Drill a 17-1j2-inch hole to ±3,SOO feet. 
24.Run gamma ray, SP induction, neutron and bulk density logs as specified. 
2S.0pen the 17-1j2-inch hole up to 22-inch using hole openers and 

underreamers. 
26.Run X-Y caliper log. 
27.Run and cement 2,000 feet of 16-inch O.D. 0.S66-inch and lASO feet of 16

inch O.D. 0.7iS-inch wall thickness, API N-80 BT&C casing. Use the stab-in 
cementing method. Centralizers to be placed every other casing section. 

28.Allow the cement to set a minimum of 72 hours. Pressure test the casing in 
accordance with State rules. 

29.Drill out plug and ten feet of salt formation. 
30.Pressure test casing shoe in accordance with the State ru les and regulations. 
31.Drili a 12-1j4-inch hole to ±4,800 feet. 
32.Log cuttings and check for loss of drilling fluid indicating a porous formation is 

encountered. If so, perform a tightness test over this interval. 
33.Run gamma ray, neutron and bulk density logs as specified. 
34.If logs indicate a porous zone in the salt section, perform tightness test over 

the zone. 
3S.Under ream the 12-ij4-inch hole to 17-1j2-inch down to a depth of 4,700 feet. 
36.Run X-Y caliper log. 
37.Run casing inspection and cement bond logs in 16-inch casing from shoe to 

surface. 
38.Run in approx. 4,2S0 feet of 13-3j8-inch, 72 Ibjft N-80, BT&C Casing. 
39.Install and test the upper wellhead assembly. 
40.Run in approx. 4,700 feet of 8-Sj8-inch, 36 Ibjft, K-SS, BT&C Casing. 
41.Install remainder of wellhead. 
42.Rig down and move out rig from location. 
43.Clean up location. 
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Magnum UIC Class III Permit Modification 

WELDING PROTOCOL 

1.	 Lift ring welding and inspection to be performed in accordance with AWS 
(American Welding Society) 01.1 Structural Welding Code. Perform 
nondestructive testing (NOT) on the welds using ultrasonic shear wave 
equipment as specified in AWS 01.1 and interpreted by a NOT Level II or III 
Certified Technician who is qualified under ASNT CP-189, Standard for 
Qualification and Certification for Nondestructive Testing Personnel, 2006 
Edition and CP-10S, ASNT Standard Topical Out lines for Qualification of 
Nondestructive Testing Personnel, 2006 Edition .. 

2.	 Casing double joint welding shall be performed in accordance with API 
Standard 1104 Welding of Pipelines and Related Facilities. Pipe base material's 
carbon equivalency will be computed from the material composition as written 
in the Material Test Report (MTR) that is provided when the pipe is purchased. 
The welding contractor will provide a Welding Procedure Specification (WPS) 
that matches the base material and Procedure Qualification Report (PQR) and 
welders who are qualified to the WPS with Welders Qualification Report (WQR). 
The welding contractor will provide the WQR for each potential welder prior to 
beginning production welding. The field supervisor will verify that the WQR and 
welder's photo identification match. Perform nondestructive testing (NOT) on 
the butt welds using radiography as specified in API Standard 1104 and 
interpreted by a NOT Level II or III Certified Technician who is qualified under 
ASNT CP-189, Standard for Qualification and Certification for Nondestructive 
Testing Personnel, 2006 Edition and CP-10S, ASNT Standard Topical Outlines 
for Qualification of Nondestructive Testing Personnel, 2006 Edition. Each 
completed girth, butt weld shall be radiograph tested to API Standard 1104 
qualifications. The radiograph methods and qualifications shall comply with API 
Standard 1104 -"Certification of Nondestructive Testing Personnel" and 
"Acceptance Methods for Nondestructive Testing Personnel". 

3.	 Casing rig welding shall be performed in accordance with API Standard 1104 
Welding of Pipelines and Related Facilities. Pipe base material's carbon 
equivalency will be computed from the material composition as written in the 
Material Test Report (MTR) that is provided when the pipe is purchased. The 
welding contractor will provide a Welding Procedure Specification (WPS) that 
matches the base material and Procedure Qualification Report (PQR) and 
welders who are qualified to the WPS with Welders Qualification Report (WQR). 
The welding contractor will provide the WQR for each potential welder prior to 
beginning production welding. The field supervisor will verify that the WQRand 
welder's photo identification match. Perform nondestructive testing (NOT) on 
the butt welds using radiography as specified in API Standard 1104 and 
interpreted by a NOT Level II or III Certified Technician who is qualified under 

October 20, 2011 26 



Magnum UIC Class III Permit Modification 

ASNT CP-189, Standard for Qualification and Certification for Nondestructive 
Testing Personnel, 2006 Edition and CP-105, ASNT Standard Topical Outlines 
for Qualification of Nondestructive Testing Personnel, 2006 Edition. Each 
completed girth, butt weld shall be nondestructively tested to API Standard 
1104 qualifications. The test methods and qualifications shall comply with API 
Standard 1104 "Certification of Nondestructive Testing Personnel" and 
"Acceptance Methods for Nondestructive Testing Personnel". 

SPECIFICATIONS FOR CEMENTING SERVICES AND MATERIALS 

This specification covers the requirements to supply cement, equipment and services for 
storage wells located near Delta, UT. The work will be conducted from a land rig. Cement 
bond logs cannot be used with reliability on the 20-inch plus well casings proposed for the 
gas storage wells and therefore will not be run on the larger casings. A review of cement 
bonding capabilities with PB Energy Storage Systems has confirmed that there are no 
test methods currently available to conduct a bond log. Therefore, cementing operations 
will be visually verified at the time of cementing via the observance of cement rising 
within the outer well annulus to the surface. 

Proposed wellbore configuration (Depths RKB) 

36-inch Conductor Pipe: 0 - Approx. 150 feet (Driven to refusal) 

30-inch Surface Casing: 0 - Approx. 750 feet (Approx. 34-inch Open Hole) 

24-inch Intermediate Casing: 0 - 3,200 feet (Approx. 28-inch Open Hole) 

20-inch Next to Last Casing: 0 - 3,350 feet (Approx. 24-inch Open Hole) 

16-inch Last Cemented Casing: 0 - 3,450 feet (Approx. 22-inch Open Hole) 

Top of Salt: Approx. 3,250 feet 

1.	 Cement specifications for the 30-inch Surface casing. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface: Class A (Standard) + Defoarner (if deemed necessary) 
Water Ratio 5.2 galsjsk 
Slurry Weight 15.6 Ibsjgal. 
Slurry Volume 1.18 cu. ft.jsack 
Excess 50% Open Hole Volume (4 Arm Caliper Available) 

2. Cement specifications for the 24-inch Intermediate. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface : Class A (Standard) + Defoamer (if deemed necessary). 
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Magnum UIC Class III Permit Modification 

Water Ratio 5.2 galsjsk
 
Slurry Weight 15.6 Ibsjgal.
 
Slurry Volume 1.18 cu. ft.jsack
 
Excess 50% Open Hole Volume (4 Arm Caliper Available)
 

3. Cement specifications for the 20-inch Next to Last Casing. Cement job will be 
pumped through a stabbed-in 5-inch DP. 

Cement to surface: Class G (Premium) + 37.2% Salt + Defoamer (if deemed 
necessary). 
Water Ratio 5.0 galsjsk 
Slurry Weight 16.3 Ibsjgal. 
Slurry Volume 1.24 cu. ft.jsack 
Excess 30% Open Hole Volume (4 Arm Caliper Available) 

4. Cement specifications	 for the 16-inch Last Casing. Cement job will be pumped 
through a stabbed-in 5-inch DP. 
Cement to surface: Class G (Premium) + 37.2% Salt + Defoamer (if deemed 
necessary). 
Water Ratio 5.0 galsjsk 
Slurry Weight 16.3 Ibsjgal. 
Slurry Volume 1.24 cu. ft.jsack 
Excess 30% Open Hole Volume (4 Arm Caliper Available) 

WELL CONDITIONING 

Before commencing drilling operations (spudding the well), Magnum will provide detailed 
procedures for conditioning the hole prior to cementing casing. The pre-flush procedure 
will ensure that the wellbore is properly conditioned for cementing operations in 
accordance with recommendations from the cementing contractor. 

The well is conditioned to circulate the drilling fluids, sweep cuttings out of the hole, 
obtain consistent fluid properties, and adjust the fluid viscosity and density in an attempt 
to prevent cement channeling through the fluid. Detailed procedures for this process 
have not been written at this time as it is a typical task during drilling, but when the 
drilling fluids contractor is hired his mud engineer will be tasked to write a program for 
the fluids. 
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REPORT 

During Drilling the casing cement jobs shall be documented by an affidavit from the 
cementing company showing the amount and type of cementing materials and the 
method of placement. 

Three samples of the cement slurry for each of the intermediate and salt casings shall be 
collected in suitable sized and shaped containers so that the hardened cement can be 
tested for compressive strength. 
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Attachment G 
 

Magnum Solutions, LLC 
 

Millard County, Utah 
 

Magnum Gas Storage Project 
 

Monitoring Protocols 
Mechanical Integrity Testing (MIT) 

Protocol 
The Magnum Solution Mining, LLC facilities manager will prepare check lists and accompanying 
documentation to ensure consistency in performance of all monitoring required by this permit.  These 
documents will be maintained on site and will be reviewed by DWQ staff during the annual facility inspection 
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Text Box
MIT and Monitoring Protocols for the 16" wells are presented at the end of this attachment.
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Part J 

Magnum Solution Mining, LLC
 

Millard County, Utah
 

Magnum Gas Storage Project
 

16-inch Injection Well Monitoring, Recording, and Reporting Plan 
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Part J - 16-inch Injection Well UIe Monitoring, Recording, and 
Reporting Plan 

1.0 REQUIREMENTS 

Submit a monitoring, recording, and reporting plan, including maps, for meeting the 
monitoring and reporting requirements of R317-7-10.3(B), 40CFR146.33, 40CFR146.8, 
and R317-7-10(B). In the plan: 

1.	 Identify types of tests, methods, and equipment used to generate monitoring 
data 

2.	 Address the proper use, maintenance, and installation of monitoring equipment 
3.	 Propose the type, intervals, and frequency sufficient to yield data that are 

representative of monitored activity. 

2.0 PHYSICAL AND CHEMICAL CHARACTERISTICS OF INJECTED FLUID 

The Magnum salt storage caverns will be solution mined using fresh water produced from 
water wells located on the Magnum facility. The salinity of the injected fluid will be 
measured, along with the fluid temperature on a daily basis. Specific qravltv and 
temperature will be monitored using calibrated hydrometers and thermometers. 
Hydrometers will be calibrated and maintained in accordance with ASTM A126-0Sa and 
thermometers will be calibrated and maintained in accordance with ASTM E77-07. 

The data will be trended to ensure that no changes in the injected water take place 
during the duration of the solution mining operations. 

3.0 MONITORING OF INJECTION PRESSURE AND FLOW 

Injection pressures, injection flow rates, injection temperature, brine pressure, brine flow 
rate, brine temperature and the nitrogen blanket pressure will be monitored continuously 
by instrumentation in the control room. The information will be recorded at least once per 
day as a daily summary. The daily summary will be included in quarterly reports. This 
data will be used to calculate the growth of the cavern and provide a daily check on well 
integrity by ensuring that the water inflow and brine outflow balance. All the recorded 
data will be available to the State of Utah DWQ Executive Secretary upon request. 

All pressure monitoring, temperature monitoring, and flow rate monitoring 
instrumentation calibration will be done in accordance with manufacturer 
recom mendations. 

4.0 DEMONSTRATION OF MECHANICAL INTEGRITY 

Prior to initiating solution mining and at the completion of leaching, the cavern will be 
tested using the nitrogen mechanical integrity technique. The test pressure at the shoe of 
the 16-inch cemented casing will be slightly above (about 0.92 psi per foot of depth) the 
permitted operating pressure (0.90 psi per foot of depth) to ensure that the casing and 
cement are not leaking. The nitrogen mechanical integrity test technique essentially 
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involves pressuring the cavern or well to the desired test pressure, and injecting nitrogen 
in the outer annulus of the well (the space between the cemented 20-inch casing and the 
hanging 16-inch tubing) to a depth about 50 to 100 feet below the casing shoe. 

The well will then be shut-in for 24 to 48 hours to allow the nitrogen temperature to 
equalize with the in-situ temperature. The initial depth of the nitrogen/brine interface 
below the casing shoe and the temperature of the wellbore will then be measured with a 
wire line tool. After a period of time, not less than 24 hours, determined by the size of 
the borehole below the casing shoe, a second interface and temperature survey will be 
run. The pressure at the wellhead will be monitored and recorded continuously during the 
test. 

The change in the calculated volume of the nitrogen between the two interface 
measurements will be determined from the surface nitrogen pressure, the well 
temperature logs and the change in the level of the nitrogen/brine interface. The change 
in the nitrogen volume will then be converted to an equivalent flu id loss. 

The temperature stabilization period, the duration of the test, and the desired depth of 
the init ial nitrogen/brine interface level will be determined from logs run during and after 
well construction. The selection of these features will be made so as to ensure that th e 
test has a minimum detectable leak rate (test sensitivity) of no more than 500 barrels 
per year of nitrogen. 

Prior to the commencement of testing all pressure mon itoring instruments will be 
calibrated in accordance with manufacturer's recommendations. Testing will be performed 
under the supervision of a degreed engineer and the report submitted to the Executive 
Secretary within 30 days of test completion. 

Following the post-completion mechanical integrity test the caverns will be tested on a 
periodic basis using methods and procedures in accordance with requirements set forth 
by the State of Utah. 

5.0 MONITORING OF CAVERN DEVELOPMENT 

During solution mining of the caverns, the development of the cavern will be controlled 
by monitoring of the fluid injection and production quantities (Item 3.0 above) and 
periodic performance of sonar caliper surveys. The measured quantity of water injected 
and salinity of the produced brine will be used to calculate the daily increase in cavern 
volume. The sonar caliper surveys will be run at least once a year and at completion of 
mining in each cavern. The sonar survey will provide a check on the calculated cavern 
volume and the shape of the cavern. 

6.0 MONITORING OF FLUID LEVEL IN FORMATION 

This section is not applicable for solution mining wells since the well is full at all t imes. 

7 .0 QUARTERLY REPORTING ON MONITORING WELLS IN SUBSIDENCE ZONES 

No monitoring wells are planned for the Magnum project. Subsidence will be monitored 
on an annual basis by Magnum and will be evaluated by a degreed engineer who is 

October 20, 2011 55 

bpugh
Highlight

bpugh
Highlight



Magnum UIC Class III Permit Modification 

thoroughly experienced in subsidence of cavern storage facilities. Subsidence 
measurements will begin with a baseline survey that will be run prior to starting solution 
mining. 

Subsidence surveys will be during operations of the facility. The subsidence report will be 
submitted to the Executive Secretary on an annual basis. Subsidence surveys will be 
conducted by measuring precise elevations of fixed points within the cavern field, the 
total Magnum facility and along public right-of-ways. The elevations of the points in and 
adjacent to the cavern field will be measured from a benchmark located at a distance 
from the facility that will not be impacted by any subsidence related to the caverns. 

8.0 QUARTERLY REPORTING -EXECUTIVE SECRETARY 

Daily summaries of water and brine pressures, temperatures, fluid volumes, and space 
created as well as the nitrogen blanket pressure will be reported to the Executive 
Secretary on a quarterly basis. Total volume of water injected and brine withdrawn from 
the storage cavern will be reported to the Executive Secretary on a quarterly basis. 
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Millard County, Utah 
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Table of Reporting and Notification Requirements for Well Construction 
Utah UIC Permit Number: UTU-27-AP-9232389; Magnum Solution Mining, LLC 

 

Page  1  of  1 

Triggering Event Time Frame Permittee Response Utah DWQ Response 
Claims of Confidential Business 
Information 
 

At the time of submittal Stamp the words “Confidential Business Information” 
on each page of submittal Written Approval/Response 

Permittee becomes aware that he failed to 
submit any relevant facts or submitted 
incorrect information in any report to the 
Executive Secretary. 
 

Within 10 days after permittee becomes 
aware of the event 

Submit such facts or information.  Submittal must be 
signed and certified in accordance with UAC R317-7-
9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Within 60 days after the completion of well 
construction 

Submit an "As-Constructed" Well Report signed and 
certified in accordance with UAC R317-7-9.3 (40 CFR 
144.32).. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate (Check for 

deviations from the approved 
plan.) Completion of Well Construction 

 

Within 90 days after the completion of well 
construction 

Submit modified Plan for Abandonment of Class III 
Wells to include plans for well and a reliable cost 
estimate to P&A well based on current well condition.  
Plan must be signed and certified in accordance with 
UAC R317-7-9.3 (40 CFR 144.32). 

Require amendment to 
Financial Assurance when 
contingency is exceeded. 

Within 24 hours after the permittee 
becomes aware of the event 

Orally report to Executive Secretary or representative at 
801-536-4387 (during normal business hours) or at 
801-536-4123 (for reporting at all other times) 

Oral Response and Reminder 
of Written Report 

Any spill, leak or noncompliance of a 
permit condition that may endanger human 
health or the environment. 
 Within 5 days after the permittee becomes 

aware of the event 

Submit written report including description of the spill, 
leak or noncompliance and its cause, exact dates and 
times, steps taken to mitigate the effects, and steps taken 
or planned to prevent a re-occurrence.  If a leak or 
noncompliance is ongoing, the submission shall indicate 
the anticipated time it is expected to continue.  Report 
must be signed and certified in accordance with UAC 
R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Commencement of injection into new well 
 

After receiving written approval from 
DWQ to commence injection. 

Permittee has fulfilled all applicable conditions of this 
permit pertaining to new injection wells of the permit 

Written Approval to 
commence injection 



Table of Reporting and Notification Requirements for Plugging and Abandonment 
Utah UIC Permit Number: UTU-27-AP-9232389; Magnum Solution Mining, LLC 

 

Page  1  of  3 

Triggering Event Time Frame Permittee Response Utah DWQ Response 
Claims of Confidential Business 
Information 
 

At the time of submittal Stamp the words “Confidential Business Information” 
on each page of submittal Written Approval/Response 

Within 24 hours after the permittee 
becomes aware of the event 

Orally report to Executive Secretary or representative at 
801-536-4387 (during normal business hours) or at 
801-536-4123 (for reporting at all other times). 

Oral Response and Reminder 
of Written Report 

Any spill, leak or noncompliance of a 
permit condition that may endanger human 
health or the environment. 
 Within 5 days after the permittee becomes 

aware of the event 

Submit written report including description of the spill, 
leak or noncompliance and its cause, exact dates and 
times, steps taken to mitigate the effects, and steps taken 
or planned to prevent a re-occurrence.  If a leak or 
noncompliance is ongoing, the submission shall indicate 
the anticipated time it is expected to continue.  Report 
must be signed and certified in accordance with UAC 
R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Permittee becomes aware that he failed to 
submit any relevant facts or submitted 
incorrect information in any report to the 
Executive Secretary. 
 

Within 10 days after permittee becomes 
aware of the event 

Submit such facts or information.  Submittal must be 
signed and certified in accordance with UAC R317-7-
9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

No less than 45 days prior to the planned 
conversion or  abandonment of the well 
 

Submit written notice of intent to plug and abandon to 
DWQ including Well Condition Report with supporting 
documentation and individual plugging and 
abandonment plans.  Well Condition Report must be 
signed and certified in accordance with UAC R317-7-
9.3 (40 CFR 144.32). 

Written Approval/Response 

Plugging and Abandonment of Injection 
Well 
 

Within 60 days after completion of the 
plugging and abandonment of the well. 
 

Submit a Plugging and Abandonment ("As-Plugged") 
Report to DWQ including the certification of accuracy 
and statement of compliance with approved P&A plan 
or statement justifying deviation from approved P&A 
plan.  As-Plugged Report must be signed and certified 
in accordance with UAC R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 



Table of Reporting and Notification Requirements for Plugging and Abandonment 
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Triggering Event Time Frame Permittee Response Utah DWQ Response 

No less than 24 hours before the 
emergency action 

Orally report to Executive Secretary or representative at 
801-536-4387 (during normal business hours) or at 
801-536-4123 (for reporting at all other times). 

Oral Approval/Response 

Within 5 days after receiving oral approval 
from DEQ 

Submit a written request for approval of emergency 
action including justification.  Submittal must be must 
be signed and certified in accordance with UAC R317-
7-9.3 (40 CFR 144.32). 

Written Approval/Response Emergency Well Conversion or Plugging 
and Abandonment 
 

Within 60 days after completion of the 
emergency action 
 

Submit a Plugging and Abandonment ("As-Plugged") 
Report to DWQ including the certification of accuracy 
and statement of compliance with approved P&A plan 
or statement justifying deviation from approved P&A 
plan.  As-Plugged Report must be signed and certified 
in accordance with UAC R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

After 2 years of inactivity 
Plug and abandon the injection well unless a variance 
has been requested and received before the end of the 2 
year period 

Written Response to Request 
for Variance 

Inactive Wells - Cessation of injection 
activities for 2 years 
 At the end of the second. Fourth, sixth, etc. 

year of this permit 

Review and evaluate inactive wells to ensure 
compliance with conditions for allowing inactive wells 
to remain unplugged.  Submit Inactive/Temporarily 
Abandoned Well Evaluation Report to DWQ signed and 
certified in accordance with UAC R317-7-9.3 (40 CFR 
144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Reactivation of Inactive Well 
 

No less than 45 days prior to the planned 
reactivation of an inactive well 

Submit written notice of intent to reactivate well to 
DWQ and demonstrate mechanical integrity of the well 
in accordance with Part III (H) of this permit. 

Written Approval/Response 

Temporary Abandonment/Plugging 
 

No less than 45 days prior to the planned 
temporary abandonment of the well 

Submit written notice of intent to temporarily abandon 
to DWQ including Well Condition Report with 
supporting documentation and individual temporary 
plugging plans.  Well Condition Report must be signed 
and certified in accordance with UAC R317-7-9.3 (40 
CFR 144.32). 

Written Approval 
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Triggering Event Time Frame Permittee Response Utah DWQ Response 

Within 60 days after completion of the 
temporary abandonment of the well 
 

Submit a Plugging and Abandonment ("As-Plugged") 
Report to DWQ including the certification of accuracy 
and statement of compliance with approved P&A plan 
or statement justifying deviation from approved P&A 
plan.  As-Plugged Report must be signed and certified 
in accordance with UAC R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

At the end of the second,fourth, sixth, etc. 
year of this permit 
 

Review and evaluate temporarily abandoned wells to 
ensure compliance with conditions for allowing wells to 
remain temporarily abandoned.  Submit 
Inactive/Temporarily Abandoned Well Evaluation 
Report to DWQ signed and certified in accordance with 
UAC R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Reactivation of Temporarily Abandoned 
Well 
 

No less than 45 days prior to the planned 
reactivation of a temporarily abandoned 
well. 

Submit written notice of intent to reactivate well to 
DWQ and demonstrate mechanical integrity of the well 
in accordance with Part III (H) of this permit. 

Written Approval/Response 
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Triggering Event Time Frame Permittee Response Utah DWQ Response 
Claims of Confidential Business 
Information 
 

At the time of submittal Stamp the words “Confidential Business Information” 
on each page of submittal Written Approval 

Permittee becomes aware that he failed to 
submit any relevant facts or submitted 
incorrect information in any report to the 
Executive Secretary. 
 

Within 10 days after permittee becomes 
aware of the event 

Submit such facts or information.  Submittal must be 
signed and certified in accordance with UAC R317-7-
9.3 (40 CFR 144.32). 

 

Placing of a new well into operation 
 Prior to well operation Demonstration/documentation of MIT Written Approval 

Immediately Cease operation immediately  

Immediately Take steps to prevent losses of brine through the leaks 
caused by high hydrostatic head or pressure  

Within 15 days after loss of mechanical 
integrity. 

Submit to the Executive Secretary a schedule indicating 
what will be done to restore mechanical integrity to the 
well, or if it will be plugged. 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Loss of Mechanical Integrity 
 

Within 90 days after loss of mechanical 
integrity 

Restore mechanical integrity to the well, or plug and 
abandon the well in accordance with a plugging and 
abandonment plan approved by the Executive Secretary. 

Written Approval 

Within 24 hour s after the permittee 
becomes aware of the event 

Orally report to Executive Secretary or representative at 
801-536-4387 (during normal business hours) or at 
801-536-4123 (for reporting at all other times). 

Oral Response and Reminder 
of Written Report 

Loss of Mechanical Integrity which may 
potentially endanger an USDW and/or 
 
Any spill, leak or noncompliance of a 
permit condition that may endanger human 
health or the environment. 
 

Within 5 days after the permittee becomes 
aware of the event  

Submit written report including description of the spill, 
leak or noncompliance and its cause, exact dates and 
times, steps taken to mitigate the effects, and steps taken 
or planned to prevent a re-occurrence.  If a leak or 
noncompliance is ongoing, the submission shall indicate 
the anticipated time it is expected to continue.  Report 
must be signed and certified in accordance with UAC 
R317-7-9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 
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Every 5 years Test for casing leaks and vertical flow behind casing 
according to Part III H of the permit 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Prior to new well operation Prior to placing a new well into operation 
Written Acknowledgement of 

Receipt and Response, if 
Appropriate 

MIT Frequency 
 

Prior to well operation Following any repair or workover of a well 
Written Acknowledgement of 

Receipt and Response, if 
Appropriate 

MIT Requests 
 At any time   The Executive Secretary may 

require an MIT 

MIT Inspections 
 No less than 30 days prior to MIT Notify DWQ of intent to perform MIT 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

MIT Reporting 
 Within 60 days after completion of MIT Submit results of MIT. 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 
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Operator Change of Address No less than 15 days prior to the effective 
date of the event Submit written notice to the Executive Secretary Not Applicable 

Claims of Confidential Business 
Information 
 

At the time of submittal Stamp the words “Confidential Business Information” 
on each page of submittal Written Approval 

Planned physical alterations or additions to 
the UIC permitted facilities 
 

No less than 30 days prior to implementing 
the event Submit written notice to the Executive Secretary Written Approval 

Within 24 hours after the permittee 
becomes aware of the event 

Orally report to Executive Secretary or representative at 
801-536-4387 (during normal business hours) or at 
801-536-4123 (for reporting at all other times). 

Oral Response and Reminder 
of Written Report 

Any spill, leak or noncompliance of a 
permit condition that may endanger human 
health or the environment. 
 Within 5 days after the permittee becomes 

aware of the event 

Submit written report including description of the spill, 
leak or noncompliance and its cause, exact dates and 
times, steps taken to mitigate the effects, and steps taken 
or planned to prevent a re-occurrence.  If a leak or 
noncompliance is ongoing, the submission shall indicate 
the anticipated time it is expected to continue. 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Receipt of this permit 
 Within 30 days after receipt of this permit 

Report to the Executive Secretary that the person(s) 
designated to implement the requirements of this permit 
has read and is personally familiar with all terms and 
conditions of this permit 

Not Required 

Permittee becomes aware that he failed to 
submit any relevant facts in the permit 
application or submitted incorrect 
information in a permit application or in 
any report to the Executive Secretary. 
 

Within 10 days after permittee becomes 
aware of the event. 

Submit such facts or information.  Submittal must be 
signed and certified in accordance with UAC R317-7-
9.3 (40 CFR 144.32). 

Written Acknowledgement of 
Receipt and Response, if 

Appropriate 

Cessation of injection activities after 2 years of inactivity Plug and abandon the injection well unless a variance 
has been obtained prior to the end of the 2 year period  

Anticipated Noncompliance 
 

As soon as the permittee becomes aware of 
the event 

Give advance notice of any planned change in the 
permitted facility or activity that may result in a 
noncompliance with permit requirements. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 
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Within 24 hours after permittee becomes 
aware of event 

Provide oral report of any monitoring data or other 
information, noncompliance with a permit condition, 
malfunction of injection system which may cause 
endangerment to USDW; also report annual mine cavity 
brine level tests that show three consecutive drops in 
brine level. 

Oral Response and Reminder 
of Written Report 

Endangering Noncompliance 
 

Within 5 days after permittee becomes 
aware of event 

Submit written report describing the endangering 
noncompliance; its cause; the period of noncompliance, 
including the exact time and dates; whether or not it has 
been corrected; the anticipated time it is expected to 
continue; and steps taken or planned to reduce, 
eliminate, and prevent a recurrence of the 
noncompliance. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 

Other Noncompliance 
 Next Quarterly Monitoring Report 

Submit written report describing the noncompliance; its 
cause; the period of noncompliance, including the exact 
time and dates; whether or not it has been corrected; the 
anticipated time it is expected to continue; and steps 
taken or planned to reduce, eliminate, and prevent a 
recurrence of the noncompliance. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 

Quarterly Monitoring Reports 
 

1st Qtr (Jan thru March) – April 15 
2nd Qtr (April thru June) – July 15 
3rd Qtr (July thru Sept) – October 15 
4th Qtr (Oct thru December) – January 15 

Quarterly reports shall include: 
1. Monthly Wash Reports 
2. Injectate Characterization 
3. MIT Reports 
4. Sonar Survey Reports 
5. Report of Nitrogen/Brine Interface 
6. Report of Tightness Tests 
7. Report of Geophysical Logging and Testing of Wells 
8. Other Reports not otherwise submitted according to 
permit requirements  
9. Report of NonEndangering NonCompliance 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 

Renewal of Financial Responsibility 
  

Demonstrate the adequacy of the financial assurance to 
close, plug and abandon all wells not permanently 
plugged and abandoned by the permittee in compliance 
with this permit. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 



Table of Reporting and Notification Requirements for Other Permit Activities 
Utah UIC Permit Number: UTU-27-AP-9232389; Magnum Solution Mining, LLC 

 

Page  3  of  3 

Triggering Event Time Frame Permittee Response Utah DWQ Response 

Insolvency of Financial Institution 
 

Within 60 days after either of the following 
events occurs: 
 
a) The institution issuing the financial 
assurance instrument files for bankruptcy; or
 
b) The authority of the institution issuing the 
financial instrument is suspended or revoked.
 

Submit an alternate demonstration of financial 
responsibility acceptable to the Executive Secretary 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 

Upward fluid migration through well bore 
of any previously unknown or improperly 
plugged or unplugged well 
 

Immediately upon permittee becoming 
aware of the event 

Cease injection until proper plugging of the well can be 
performed. 

Written Acknowledgement of 
Receipt and Response, if 
Appropriate 

Submittal of Reports  

All reports or other information, submitted as required 
by this permit or requested by the Executive Secretary, 
shall be signed and certified in accordance with UAC 
R317-7-9.3 (40 CFR 144.32). 

 

 

 




