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STATE OF NORTH DAKOTA  
 

PUBLIC SERVICE COMMISSION 
 

SCS Carbon Transport LLC  
Midwest Carbon Express CO2 Pipeline Project  
Siting Application  

Case No: PU-22-391 
 

OAH File No: 20230002 
 

 
__________________________________________________________________ 

BURLEIGH COUNTY’S MOTION FOR RECONSIDERATION OF ORDER 
ON PROTECTION OF INFORMATION (DOC. 364), OR IN THE 

ALTERNATIVE, FOR LEAVE TO QUESTION RE: DISPERSION MODEL 

__________________________________________________________________ 

 Intervenor Burleigh County hereby adopts and restates the arguments previously 

submitted to the Commission in Intervenor John H. Warford, Jr. as Trustee of the John H. 

Warford, Jr. Revocable Living Trust’s Objection to Application of SCS Carbon Transport LLC to 

Protect Information (doc. 201) (“Warford Objection”), and exhibits referenced therein, and 

request the Commission reconsider its Order on Protection of Information (doc. 364) filed 

August 4, 2023 (“Order”).  For the reasons explained in the Warford Objection and below, there 

simply is no legal authority under either state or federal law to support the Order preventing the 

disclosure to the parties and the public of SCS’ dispersion modeling (a/k/a plume study or plume 

modeling) (“Dispersion Model”) (filed under seal at doc. 195).  Burleigh County requests the 

Dispersion Model be made available to the public at this time.  To the extent the Commission 

concludes any portion of the Dispersion Model actually constitutes protectable information, such 

limited information should be redacted with the remainder of the Dispersion Model to be 

disclosed to the public.  It is inappropriate for the PSC to consider the Dispersion Model without 

affording the parties and the public an opportunity to challenge its reliability. 
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 In the alternative, Burleigh County requests leave to question SCS and witnesses about 

the Dispersion Model results and criteria utilized in the Dispersion Model to assist the PSC and 

the public to gauge the reliability of the Dispersion Model results. 

A. Dispersion Model at Issue 

At issue is information related to dispersion modeling in the event of a release of carbon 

dioxide from the pipeline (Dispersion Model)1.  SCS asserts the information was related to the 

preparation of an emergency response plan and integrity management plan in accordance with 

the Pipeline and Hazardous Materials Safety Administration (PHMSA) (49 CFR Part 1520), and 

requested the PSC protect the information from public disclosure pursuant to NDCC § 44-04-24 

as a security system plan on critical infrastructure.  Ultimately, SCS argues the information 

should be protected from disclosure to prevent its use by bad actors. 

B. Order on Protection of Information dated August 4, 2023 

SCS requested, and the PSC entered an Order on Protection of Information on August 4, 

2023 (“Order”).  PSC concluded the Dispersion Model constituted a “security system plan” 

pertaining to “critical infrastructure” under North Dakota’s open records laws (NDCC § 44-04-

24(2), and therefore should be protected from public disclosure.  (Order at ¶¶ 5, 6.)  The PSC 

based its decision upon the following rationale: 

The disclosure of plume modeling could provide information on where damaging or 
vandalizing the pipeline by a bad actor would have a debilitating impact on security and 

 
1 No proof has been provided by SCS that it has in fact completed a real-time, video Dispersion 
Model of the type that would simulate actual conditions, including topography, wind speed and 
direction, appropriate criteria related to pipe dimension specifications, CO2 volume and pressure, 
and other salient criteria for Burleigh County or anywhere else on the proposed pipeline route in 
North Dakota.  As the public and Intervenors have not been permitted to view the SCS 
“Dispersion Model”, they have no ability to identify or question what criteria were used for the 
Dispersion Model or whether it is representative of normal expected conditions in Burleigh 
County. 
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state public health and safety.  Prevention of receipt of the information by bad actors 
necessitates the PSC limiting access to the information. 

(Order at ¶ 7. See also id. at ¶ 12 [“The Commission concludes that the information is a security 

system plan for critical infrastructure that may be exempt from public disclosure.”)  The PSC 

also noted in its Order: 

The confidentiality of this information has been maintained by SCS.  No party has 
demonstrated that the information has been disclosed to the public or to persons other 
than employees or authorized agents who need to know the information to fulfill their 
responsibilities in connection with the subject matter of the information. 

PSC essentially rejected the following arguments against the Protective Order: 

• Not all information can possibly be protected 
• Public and businesses need the information to make their own risk assessment 
• Information should be available to emergency personnel 
• Intervenors and PSC have had no opportunity to scrutinize the information 
• Past-sited projects provided similar information without protection 

C. SCS Is Improperly Using The Dispersion Model As Both A Sword and Shield 
Without Opportunity For Scrutiny Thereof 

As discussed in the Warford Objection, SCS is relying upon the Dispersion Model as 

alleged support for the proposition the proposed pipeline will not constitute a public safety 

hazard – in opposition to the very argument being asserted by the intervenors.  SCS should not 

be permitted to use the Dispersion Model (the results of which are being withheld from the 

public) as both a sword and shield. 

D. Not All Information Contained In the Dispersion Model Constitutes A Security 
System Plan Pertaining To Critical Infrastructure.   

The PSC previously reasoned the Dispersion Model should be protected from public 

disclosure on the basis information contained therein could be used by bad actors to identify 

where to damage or vandalize the pipeline.  This concern deals with the physical location of 
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various components of the pipeline system which could be damaged, such as valve locations and 

security measures implemented.   

In addition to the arguments contained in the Warford Objection, the definition of 

“security system plan” at NDCC § 44-04-24(2)(b) only pertains, in relevant part, to information 

that “directly relate[s] to the physical . . . security of . . . critical infrastructure.”  (Bold 

added.)  The definition of “security system plan” provides, in relevant part, as follows: 

“Security system plan” includes: 

(1) Records, information, photographs, audio and visual presentations, 
schematic diagrams, surveys, recommendations, communications, or 
consultations relating directly to the physical or electronic security of a 
pubic facility, or any critical infrastructure, whether owned by or 
leased to the state or any of its political subdivisions, or any privately 
owned or leased critical infrastructure if the plan or a portion of the plan is 
in the possession of a public entity; 

*** 

(3) Threat assessments; 

(4) Vulnerability and capability assessments conducted by a public entity, or 
any private entity; 

(5) Threat response plans; and 

(6) Emergency evacuation plans. 

The physical security concern does not implicate either the results of the Dispersion Model, or 

the underlying variables necessarily utilized in the Dispersion Model, variables critical to 

understanding the relevance and accuracy of the Dispersion Model results.   

Relevant variables are explained in the similar analysis conducted in Minnesota, provided in 

the Aerial and Thermal Dispersion Analysis:  Ottertail to Wilkin CO2 Pipeline Project dated 

January 11, 2024 prepared by Allied Solutions, at Appendix A (Ex. A to Affidavit of Randall J. 

Bakke dated May 27, 2024), and include the following: 
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• Wind speed (mph) 
• Product temperature before rupture 
• Wind speed measurement height (ft) 
• Wind stability class (used for momentum just dispersion model) 
• Relative humidity 
• Air temperature 
• Surrounding surface roughness 
• CO2 pressure (psi) 
• Release duration 
• Rupture release point (ft) 
• Angle of CO2 release from horizontal 
• Dispersion coefficient averaging time (min) (must be the same as rupture release time or 

results cannot be trusted) 
• Impoundment? 
• Max flow rate (lbs/sec) 
• Pipe diameter (in) 
• Rupture diameter 
• Valve segment length (ft) 
• Rupture replacement along the valve segment 
• Isolation valve closure time (min) 

The disclosure of the above underlying variables, which should have been considered in the 

Dispersion Model, would be unrelated to sensitive information concerning where bad actors may 

seek to damage the pipeline, including security measured implemented to assure its physical 

safety.  Absent scrutiny of the results of the Dispersion Model and underlying variables utilized 

to achieve the Dispersion Model results, (whatever those undisclosed results may be) how can 

the results be relied upon?  At the very least, portions of the Dispersion Model unrelated to the 

locations of valves and security measures designed to protect the physical safety of the pipeline, 

and disclosing the modeling results and the above data could be disclosed to the public without 

jeopardizing the security concerns identified in NDCC § 44-04-24. 

In addition, the federal laws cited by SCS also do not apply.  SCS vaguely argues the 

information is confidential-protected under FOIA exemptions found at 5 USC 552(b)(4) and 

(b)(7)(f). FOIA exemption 552(b)(4) exempts from FOIA “trade secrets and commercial or 
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financial information obtained from a person and privileged or confidential.”  FOIA exemption 

552(b)(7) exempts from FOIA “records or information compiled for law enforcement purposes, 

but only to the extent . . . .”  The results of the Dispersion Model and the underlying variables 

discussed above do not fall within these exemptions, and notably, the Commission did not 

protect the Dispersion Model from public disclosure on either of these basis.  Pursuant to 

N.D.A.C. § 69-02-09-03 “[i]f the basis for requesting protection is that the information is trade 

secret, the staff response must include a recommendation on whether the information is relevant 

and is trade secret, under the definition of trade secret in North Dakota Century Codde section 

47-24.1-01.”  To Burleigh County’s knowledge, no such staff recommendation regarding trade 

secret status was made and the Commission did not protect the Dispersion Model on this basis. 

SCS’s reliance upon 49 CFR Part 1520 is also without merit as those regulations only 

pertain to “the maintenance, safeguarding, and disclosure of records and information the TSA has 

determined to be Sensitive Security Information, as defined in § 1520.5.”  49 CFR § 1520.1(a).  

Notably, SCS only asserts the Dispersion Model “potentially contains sensitive information that 

is controlled under 49 CFR Part 1520” (underline added), not that the TSA has actually 

determined the Dispersion Model actually contains such information.  There is no legal 

justification for preventing the disclosure of the Dispersion Model results and criteria utilized 

which may be unrelated to identification of physical vulnerabilities in the pipeline itself to bad 

actors, and security measures implemented to protect the pipeline’s physical security.  Preventing 

the disclosure of such information violates North Dakota’s open records statute, N.D.C.C. § 44-

04-18. 

Additional arguments on this topic are contained in the Warford Objection. 

E. Dispersion Model Has Already Been Selectively Disclosed To The Public 
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In addition, the PSC noted in its August 3, 2023 Order that SCS had kept the Dispersion 

Model confidential.   (Order at ¶ 10.)  This is no longer accurate.   

On May 10, 2024, SCS provided information to the PSC identifying emergency 

responders and first responders by county, and other county officials, who attended SCS 

meetings from November 7, 2023 through May 16, 2024 during which: 

[Summit] shared Summit’s dispersion modeling methodology, generic model outputs, 
Pipeline and Hazardous Materials Safety Administration (“PHMSA”) requirements, 
relative toxicity, potential CO2 release scenarios, shelter in-place studies, emergency 
response plan guidelines, and discussed specific training and equipment needs.  We also 
invited emergency managers to CO2 emergency responder training at Texas A & M 
University. 

(Doc. 530).  However, SCS’s disclosure of Dispersion Model information was not limited to 

emergency personnel. 

F. CONCLUSION 

 For the foregoing reasons, Burleigh County requests the Commission reconsider its 

Order on Protection of Information (doc. 364) and unseal and make publicly available the SCS 

Dispersion Model (doc. 195) as the State and federal open records statutes, and other federal law 

applicable to “critical infrastructure” relied upon by SCS are not applicable, and preventing the 

public disclosure of the Dispersion Model, to the extent it is in the possession of any public 

entity, violates North Dakota’s open records laws.  Burleigh County requests the Dispersion 

Model be made publicly available at this time, at least to the extent the Dispersion Model 

includes information is unrelated to securing the physical safety of the pipeline (i.e. by revealing 

physical vulnerable points and security measures to be implemented to secure it physically).  In 

the alternative, Burleigh County requests leave to question SCS and witnesses about the 
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Dispersion Model results and criteria considered and utilized in the Dispersion Model to assist 

the PSC and the public to gauge the reliability of the undisclosed Dispersion Model results. 

 In the event the Commission is unable to address this motion at or prior to the May 28, 

2024 hearing, Burleigh County requests the Commission address this motion at a later time, and 

should the Commission grant this motion in any respect, Burleigh County requests a second 

technical hearing be held via Zoom to permit the questioning of witnesses in relation to the 

Dispersion Model. 

Dated this 27th day of May, 2024.  

BAKKE GRINOLDS WIEDERHOLT  
 
 
By:/s/ Randall J. Bakke    

Randall J. Bakke (#03989)  
Bradley N. Wiederholt (#06354) 
Special Assistant State’s Attorneys for  
Burleigh County 
300 West Century Avenue  
P.O. Box 4247 
Bismarck, ND 58502-4247 
(701) 751-8188 
rbakke@bgwattorneys.com  
bwiederholt@bgwattorneys.com 

       
Attorneys for Intervenor Burleigh County  
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STATE OF NORTH DAKOTA 

PUBLIC SERVICE COMMISSION 

SCS Carbon Transport LLC 
Midwest Carbon Express CO2 Pipeline Project 
Siting Application 

Case No: PU-22-391 

OAH File No: 20230002 

AFFIDAVIT OF RANDALL J. BAKKE 

STATE OF NORTH DAKOTA ) 
) SS. 

COUNTY OF BURLEIGH ) 

Being duly sworn, Randall J. Bakke, testifies: 

1. I am an attorney representing Intervenor Burleigh County in the above-captioned matter. 

This affidavit is submitted in support of Burleigh County's Motion for Reconsideration of Order 

on Protection of Information (doc. 364), of in the Alternative, for Leave to Question re: 

Dispersion Model. 

2. Attached hereto as Exhibit A is a true and correct copy of Accidental Release Dispersion 

Reports and Summary of PHMSA Regulations - Aerial and Thermal Dispersion Analysis: 

Ottertail to Wilkin CO2 Pipeline Project dated January 11, 2024, prepared by Allied Solutions. 

Dated this 27th day of May, 2024. 

STATE OF NORTH DAKOTA 

COUNTY OF BURLEIGH 

) 
) SS. 
) 

~4L---
Randall J. Bakke 

The foregoing AFFIDAVIT OF RANDALL J. BAKKE was subscribed and sworn to 
before me, a notary public, on this 27th day of ay, 2024. 

SARAH MARTIN 
Notary Public 

State of North Dakota 
My Commission Expires October 28, 2025 
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Appendix G 
Summary of PHMSA Regulations: CO2 Pipelines 

G.1 Is the project regulated by the Pipeline and Hazardous Materials Safety
Administration, and if so, how is the project regulated? 

Yes, the Otter Tail to Wilkin Carbon Dioxide (CO2) Pipeline Project (project) is regulated by the Pipeline 
and Hazardous Materials Safety Administration (PHMSA) under Title 49 Code of Federal Regulations 
(CFR) Parts 190 and 195–199 concerning engineering, design, construction, safety, and operation of the 
project. 

G.2 What is PHMSA, and what does it regulate?

PHMSA is a federal agency within the United States Department of Transportation (USDOT) that has 
statutory authority over pipeline engineering, design, construction, safety, and operation (see 
49 CFR Parts 190, 195-199). PHMSA establishes the federal regulations for pipeline safety. It was created 
under the Special Programs Improvement Act (Public Law 108-426) of 2004. The mission of PHMSA is to 
protect people and the environment by advancing the safe transportation of energy products and other 
hazardous materials that are essential to our daily lives. There are two safety offices within PHMSA: the 
Office of Pipeline Safety and the Office of Hazardous Materials Safety. 

PHMSA regulates the construction, operation, and maintenance of CO2 pipelines. PHMSA defines CO2 as 
“a fluid consisting of more than 90 percent carbon dioxide molecules compressed to a supercritical 
state” (49 CFR Section 195.2). Proposed rules and regulations (discussed below) will extend the 
regulations to pipelines transporting liquid and gas CO2 as well. Extending PHMSA oversight to cover all 
forms of CO2 will ensure that no new CO2 pipelines lack safety standards and regulations. 

G.3 Why does PHMSA regulation apply to the project?

In 1979, Congress enacted comprehensive safety legislation governing the transportation of hazardous 
liquids by pipeline, the Hazardous Liquids Pipeline Safety Act of 1979 (HLPSA; 49 United States Code 
2001 et seq.). The HLPSA expanded the existing statutory authority for safety regulation. It also added 
civil penalty, compliance order, and injunctive enforcement authorities to the existing criminal 
sanctions. The HLPSA provides for a national hazardous liquid pipeline safety program with nationally 
uniform minimal standards and with enforcement administered through a federal-state partnership.  

The HLPSA leaves to exclusive federal regulation and enforcement the “interstate pipeline facilities,” or 
those used for the pipeline transportation of hazardous liquids in interstate or foreign commerce. For 
the remainder of the pipeline facilities, denominated “intrastate pipeline facilities,” the HLPSA provides 
that the same federal regulation and enforcement will apply unless a state certifies that it will assume 
those responsibilities. A certified state must adopt the same minimal standards but may adopt 
additional more stringent standards so long as they are compatible. Therefore, in states that participate 
in the hazardous liquid pipeline safety program through certification, it is necessary to distinguish 
interstate and intrastate pipeline facilities.  

Concerning the proposed CO2 project, USDOT would consider this project to be an interstate pipeline 
facility and thus subject to PHMSA regulation.  
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G.3.1 Current PHMSA CO2 Pipeline Regulations

Transportation of Hazardous Liquids by Pipeline (49 CFR Part 195) is broken down into the following 
subparts: 

• Subpart A – General. This subpart prescribes safety standards and reporting requirements for
pipeline facilities used in the transportation of hazardous liquids or carbon dioxide.

• Subpart B – Annual, Accident, and Safety-Related Condition Reporting. This part prescribes
requirements for periodic reporting and for reporting of accidents and safety-related conditions.

• Subpart C – Design Requirements. This subpart prescribes minimum design requirements for
new pipeline systems constructed with steel pipe and for relocating, replacing, or otherwise
changing existing systems constructed with steel pipe. However, it does not apply to the
movement of line pipe covered by 49 CFR Section 195.424.

• Subpart D – Construction. This subpart prescribes minimum requirements for constructing new
pipeline systems with steel pipe and for relocating, replacing, or otherwise changing existing
pipeline systems that are constructed with steel pipe. However, this subpart does not apply to
the movement of pipe covered by 49 CFR Section 195.424.

• Subpart E – Pressure Testing. This subpart prescribes minimum requirements for the pressure
testing of steel pipelines. However, this subpart does not apply to the movement of pipe under
49 CFR Section 195.424. Provisions include risk-based alternatives to pressure testing, test
pressure, testing of components, test medium, pressure testing aboveground breakout tanks,
testing of tie-ins, and records.

• Subpart F – Operation and Maintenance. This subpart prescribes minimum requirements for
operating and maintaining pipeline systems constructed with steel pipe.

• Subpart G – Qualification of Pipeline Personnel. This subpart prescribes the minimum
requirements for operator qualification of individuals performing covered tasks on a pipeline
facility.

• Subpart H – Corrosion Control. This subpart prescribes minimum requirements for protecting
steel pipelines against corrosion.

G.3.2 Status of Pending PHMSA Regulations for CO2 Pipelines

On February 22, 2020, the Denbury Green Pipeline, a CO2 pipeline in Satartia, Mississippi, experienced a 
rupture that caused 48 people to seek medical attention and many others to evacuate the release area 
(further discussed Chapter 8 of this Environmental Impact Statement [EIS]). As a result of this CO2 
pipeline failure, PHMSA announced in May 2022 that the agency will be taking various measures to 
strengthen CO2 pipeline safety and steps to implement new safety and oversight measures to prevent 
future failures and/or mishandling of CO2 pipeline failures (Docket No. PHMSA-2023-0013).1  

On December 13–15, 2022, PHMSA held an informational public meeting addressing multiple safety 
topics. Among other things, PHMSA discussed with the public and industry how it is improving CO2 
pipeline safety by issuing advisory bulletins based on lessons learned from events like the pipeline 
failure that threatened the community of Satartia. This included discussion about calculating the 
potential impact radii for CO2 pipeline releases. The overall purpose of the informational public meeting 
was to share safety information with the public and industry as well as gather input to inform future 
rulemaking decisions.  
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PHMSA received a letter from the Pipeline Safety Trust on February 17, 2023 (Docket No. PHMSA-2022-
0125), formally requesting that PHMSA hold a public meeting on CO2 pipeline safety and the announced 
rulemaking under RIN 2137-AF60.2 

On May 31 and June 1, 2023, PHMSA held a public meeting and webcast on CO2 pipeline safety.3 The 
purpose of the May–June 2023 public meetings was to serve as an opportunity for pipeline stakeholders 
to help inform pipeline safety-related rulemaking decisions and share information surrounding CO2 
pipeline safety. Key stakeholders included the public, states, Tribal governments, other federal agencies, 
industry, and international regulators and/or organizations. Topics included the following: 

• Safety expectations for pipeline operators
• General state of CO2 pipeline infrastructure – current mileage and forecasts
• Federal and state jurisdictions and authorities
• Public awareness, engagement, and emergency notification
• Emergency equipment, training, and response
• Dispersion modeling
• Safety measures to address other constituents besides CO2 in CO2 pipelines
• Leak detection and reporting
• Geohazards
• Conversion to service
• Environmental justice

Speakers/participants included the following 

• Public advocacy groups
• Pipeline operators
• Federal regulators
• Tribal governments
• States through the National Association of Pipeline Safety Representatives
• Other United States government agencies

Comments were allowed to be submitted for the meeting. 

PHMSA intends to publish a Notice of Proposed Rulemaking by June 2024.4 A first draft of the new 
regulations from the agency is not expected before October 2024.5 No date has been set for a prediction 
as to when the agency will have finalized rules in place.  

G.4 What are CO2 pipeline project mitigation strategies and measures to ensure
public safety? 

G.4.1 Measures Consistent with Proposed and Final Federal Rules

Since PHMSA has not formally initiated the Notice of Proposed Rulemaking process, proposed, new, or 
amended rules to current CO2 pipeline regulations under 49 CFR Part 195 are not known at this time. 
PHMSA indicates the new rules and regulations will extend the regulations to pipelines transporting 
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liquid and gas CO2 as well, and that extending PHMSA oversight to cover all forms of CO2 will ensure that 
no new CO2 pipelines lack safety standards and regulations. As indicated above, PHMSA plans to publish 
a Notice of Proposed Rulemaking by June 2024, and first drafts of any new regulations are not expected 
before October 2024. Therefore, discussion of mitigation strategies and measures to ensure public 
safety associated with any newly proposed (or final) PHMSA rules is not possible at this time. Chapter 3 
of this EIS also discusses this topic. 

Safety mitigation strategies and measures are further discussed and summarized in Chapter 8 of this EIS 
and in this Appendix G. 

1 See PHMSA Announces New Safety Measures to Protect Americans From Carbon Dioxide Pipeline Failures After 
Satartia, MS Leak | PHMSA (dot.gov). 

2 See Federal Register :: Pipeline Safety: Carbon Dioxide Pipeline Safety Public Meeting. Accessed January 19, 2024. 
3 See Regulations.gov. Accessed January 19, 2024. 
4 See IN12169 (congress.gov). Accessed January 19, 2024. 
5 See https://www.eenews.net/articles/midwest-co2-pipeline-rush-creates-regulatory-

chaos/#:~:text=PHMSA%E2%80%99s%20existing%20regulations%20cover%20pipelines%20carrying%20carbon
%20dioxide%20in%20a%20%E2%80%9Csupercritical%E2%80%9D%20phase.   

https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures
https://www.phmsa.dot.gov/news/phmsa-announces-new-safety-measures-protect-americans-carbon-dioxide-pipeline-failures
https://www.federalregister.gov/documents/2023/04/20/2023-08369/pipeline-safety-carbon-dioxide-pipeline-safety-public-meeting#:%7E:text=PHMSA%20also%20received%20a%20letter,be%20open%20to%20the%20public.
https://www.regulations.gov/document/PHMSA-2023-0013-0001
https://crsreports.congress.gov/product/pdf/IN/IN12169#:%7E:text=The%20Pipelines%20and%20Hazardous%20Materials,190%2C%20195%2D199).
https://www.eenews.net/articles/midwest-co2-pipeline-rush-creates-regulatory-chaos/#:%7E:text=PHMSA%E2%80%99s%20existing%20regulations%20cover%20pipelines%20carrying%20carbon%20dioxide%20in%20a%20%E2%80%9Csupercritical%E2%80%9D%20phase.%20
https://www.eenews.net/articles/midwest-co2-pipeline-rush-creates-regulatory-chaos/#:%7E:text=PHMSA%E2%80%99s%20existing%20regulations%20cover%20pipelines%20carrying%20carbon%20dioxide%20in%20a%20%E2%80%9Csupercritical%E2%80%9D%20phase.%20
https://www.eenews.net/articles/midwest-co2-pipeline-rush-creates-regulatory-chaos/#:%7E:text=PHMSA%E2%80%99s%20existing%20regulations%20cover%20pipelines%20carrying%20carbon%20dioxide%20in%20a%20%E2%80%9Csupercritical%E2%80%9D%20phase.%20


Aerial and Thermal Dispersion Analysis:
Otter Tail to Wilkin CO2 Pipeline Project

January 11, 2024
(Allied Solutions)



 

AERIAL AND THERMAL DISPERSION ANALYSIS: 

OTTER TAIL TO WILKIN CARBON DIOXIDE 

PIPELINE PROJECT 

MN DOCKET NO.: PL-22-422 

1-11-2024 

 

PREPARED BY: 

 
 

  



Aerial and Thermal Dispersion Analysis: Otter Tail to Wilkin CO2 Pipeline Project 

1-11-2024 

Page 2 of 19 

Table of Contents 

1. Executive Summary.............................................................................................................................. 3 

2. Introduction ........................................................................................................................................... 3 

3. Definitions ............................................................................................................................................. 4 

4. Methodology ......................................................................................................................................... 4 

4.1 Software and General Analyses.................................................................................................... 4 

5. Project-Specific Methodology and Data ............................................................................................... 5 

5.1 Aerial and Thermal Analysis ......................................................................................................... 5 

5.2 Applicant’s Aerial Dispersion Analysis .......................................................................................... 6 

6. Results .................................................................................................................................................. 6 

6.1 Evaluation of Applicant’s Aerial Dispersion Analysis .................................................................... 7 

7. Discussion and Recommendations ...................................................................................................... 7 

8. References ........................................................................................................................................... 9 

Appendix A – Project-Specific Data ............................................................................................................ 10 

Appendix B – Finding Reasonable Worst-Case Values for Humidity and Air/Ground Conditions ............. 14 

Finding Low Temperature and Humidity Values .................................................................................... 14 

Note About Temperature at Pipe Depth ............................................................................................. 15 

Finding High Temperature and Humidity Values .................................................................................... 15 

Finding Final Reasonable Temperature and Humidity Values ............................................................... 16 

Appendix C – Overview of Available Aerial Dispersion Software ............................................................... 18 

 

List of Tables 

Table 1. Definition of Terms .......................................................................................................................... 4 

Table 2. Project-Specific Analysis Information.............................................................................................. 5 

Table 3. Applicant Project-Specific Analysis Information .............................................................................. 6 

Table 4. Toxic Impact Distances for CO2 at Different Concentrations ......................................................... 7 

Table 5. Applicant Provided LOCs and Associated Impact Distances ......................................................... 7 

Table 6. Differences in Project-Specific Values Contributing to Discrepancies in Potential Impact Distances

 ...................................................................................................................................................................... 8 

Table 7. Project-Specific Data .................................................................................................................... 10 

Table 8. Applicant Project-Specific Data ..................................................................................................... 12 

Table 9. Descriptive Weather Statistics for Fergus Falls 12-17-2018 through 12-17-2023 ........................ 14 

Table 10. High and Low Temperatures with Humidity Levels Used in Our Analysis .................................. 17 

  



Aerial and Thermal Dispersion Analysis: Otter Tail to Wilkin CO2 Pipeline Project 

1-11-2024 

Page 3 of 19 

List of Figures 

Figure 1. Number of Days Minimum Temperature Was Below Zero in Fergus Falls 12-17-2018 through 12-

17-2023 ....................................................................................................................................................... 15 

Figure 2. Number of Days Maximum Temperature Was Above 70 degrees in Fergus Falls 12-17-2018 

through 12-17-2023 ..................................................................................................................................... 16 

 

 

1. Executive Summary 

Allied Solutions verified the aerial dispersion analysis that Summit Carbon Solutions (the applicant) 

conducted on the Otter Tail to Wilkin CO2 Pipeline by duplicating their input data and running the analysis 

in CANARY, a software package used specifically for calculating aerial dispersion impact of a product 

release from a pipeline. We also created our own assumptions and input data and ran our own analysis 

using CANARY, then we compared our results to the applicant’s results. 

Our analysis generated larger impact areas than the applicant’s analysis (11.1 feet greater at 15,000 parts-

per-million (ppm) and 107.9 feet greater at 40,000 ppm). We investigated the reasons for the differences 

and concluded that the applicant’s process was valid, but we used more conservative assumptions and 

more targeted levels of concern. 

The applicant also conducted an analysis of the effects of terrain using a software package called FLO-2D, 

which did not materially impact their CANARY-generated results. FLO-2D, however, does not account for 

windbreaks. Furthermore, engineers at FLO-2D reported that the software cannot account for gaseous 

mixing—a key component in aerial dispersion—and is not intended to be used for aerial dispersion 

analyses. Therefore, we recommend using computational fluid dynamics (CFD) software to determine if 

windbreaks and terrain would materially affect the aerial dispersion impact area of a potential release from 

the potential Otter Tail to Wilkin CO2 Pipeline and determine how long impacted areas would remain 

hazardous. 

2. Introduction 

Allied Solutions (hereinafter referred to as “Allied,” “us,” “we,” or “our”) created this report for HDR 

Engineering, Inc. (hereinafter referred to as “HDR,” “the client,” or “client”), on behalf of the State of 

Minnesota, Department of Commerce, Environmental Review and Analysis (EERA) unit. In it, we describe 

our methodology for completing an aerial and thermal dispersion analysis for the Otter Tail to Wilkin CO2 

Pipeline project and summarize the results.  

We also validated a previous aerial dispersion analysis conducted by the applicant, Summit Carbon 

Solutions (hereinafter referred to as “the applicant”). The applicant submitted the inputs and outputs of said 

aerial dispersion as part of an effort to gain a permit from the State of Minnesota to build the Otter Tail to 

Wilkins pipeline.  
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3. Definitions 

Table 1. Definition of Terms 

Acronym or Term Definition 

CANARY 

Software used to determine the impact of various HVL releases on the 
surrounding area. CANARY integrates multicomponent thermodynamics 
into a time-varying fluid release simulation. These simulations account for 
two-phase flow, flash vaporization, and aerosol formation, as well as 
liquid rainout. Vaporization from liquid pools takes into account pool 
spreading, heat transfer effects, and impoundment. 

CDC Centers for Disease Control and Prevention 

CFD Computational fluid dynamics 

CO2 Carbon dioxide 

Levels of Concern (LOCs) 
A threshold value of a hazard (toxicity, flammability, thermal radiation, or 
overpressure); usually, the value above which a threat to people or 
property exists 

NOAA National Oceanic and Atmospheric Administration 

Product Synonymous with “products in the pipeline'” 

Valve Segment A segment of pipeline that is between two valves 

VCE Vapor cloud explosion 

4. Methodology 

In this section, we describe the methodology, software, and analyses we use for all aerial and thermal 

dispersion analyses. 

NOTE: In this analysis, we did not consider terrain and vegetation when calculating impact area. Terrain 

and vegetation are considered in a separate computational fluid dynamics (CFD) analysis noted in the 

Reference section. 

4.1 Software and General Analyses 

We perform aerial dispersion analyses using CANARY software, which was designed by engineers at Quest 

Consultants, Inc. The software uses a multi-component thermodynamics model to determine the potential 

outcomes following a hazardous liquid release. Our Integrity Engineers who perform these analyses are 

trained and qualified by Quest to use CANARY. 

CANARY software is an industry standard for aerial and thermal dispersion analysis. See Appendix C for 

an overview of aerial dispersion software available on the market. 

These are the types of analyses we perform with CANARY software to check for potentially hazardous 

conditions: 

 Toxic area impact of vapor cloud; 
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 Flammable area impact of vapor cloud; 

 Vapor cloud explosion area impact; and 

 Jet fire and pool fire area of impact. 

5. Project-Specific Methodology and Data 

For this project, we completed an aerial and thermal analysis of the proposed Otter Tail to Wilkin CO2 

pipeline and validated the aerial dispersion analysis conducted by the applicant. 

5.1 Aerial and Thermal Analysis 

We used the data in Tables 2 and 7 (see Appendix A) to perform the toxic area impact analyses for this 

project. Table 7 lists the specific variables we used for our analysis. 

Because CO2 is not flammable, we did not conduct the following analyses:  

 Flammable area impact of vapor cloud; 

 Vapor cloud explosion area impact; and 

 Jet fire and pool fire area of impact. 

We performed a toxic exposure aerial dispersion analysis of the proposed project pipeline rights-of-way, 

keeping the worst-case scenario in mind. 

The Levels of Concern (LOCs) we chose for the project are 40,000 ppm (the NIOSH-defined limit of 

“immediately dangerous to life or health” (IDLH)) and 30,000 ppm (the NIOSH short-term exposure limit 

(STEL)). STEL is the maximum time-weighted average concentration a person could be exposed to over a 

15-minute period without injury. 

Evidence presented by the CDC suggests that longer exposures to higher concentrations can produce 

signs of intoxication but not death or permanent impact to health. Regardless, to be conservative, we have 

selected the CDC-recommended IDLH level of 40,000 ppm. 

We selected these LOCs because they are useful exposure milestones typically presented by the CDC to 

inform the public of relevant exposure limits. 

Table 2. Project-Specific Analysis Information 

Product Analyses Performed 
Toxic LOC 

(ppm) 

CO2
 Toxic vapor cloud 

30,000 

40,000 

NOTE: We conducted modeling in CANARY based on the assumption that the product was pure CO2, not 

a mixture of CO2 and other components, because:  

 The introduction of even fractions of a percent of other product components can interfere with 

CANARY’s ability to accurately model the result due to software model constraints; and 
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 Modeling pure CO2 produces more conservative results. 

5.2 Applicant’s Aerial Dispersion Analysis  

We vetted the applicant’s aerial dispersion analysis of the proposed Otter Tail to Wilkin CO2 pipeline. The 

applicant used the data in Tables 3 and 8 (Appendix A) to perform the toxic area impact analyses. Table 3 

lists the analyses they conducted and the CO2-specific LOCs they used. Table 8 in Appendix A lists the 

project-specific data they used. 

Table 3. Applicant Project-Specific Analysis Information 

Product Analyses Performed 
Toxic LOC 

(ppm) 

CO2 Toxic vapor cloud 

15,000 

40,000 

80,000 

NOTE: The applicant modeled their analysis in CANARY using a mixture of CO2 and other components 

such as nitrogen (0.0047 molar fraction) and oxygen (0.002 molar fraction). This can interfere with 

CANARY’s ability to accurately model the result due to software model constraints, per Quest Consultants. 

6. Results 

Since the environment where the pipeline would be located can vary greatly in terms of temperature and 

humidity (see Table 9 in Appendix B), we ran models for both the hottest part of the year and the coldest 

part of the year, along with the associated humidity levels, to determine worst-case toxic impact distance. 

Table 10 (Appendix B) shows the data we used for reasonable worst-case scenarios. 

Based on our modeling of release impact distances using the highest and lowest reasonable temperatures 

and associated humidities (Table 10), we chose a reasonable worst-case temperature of -22.1 °F and a 

humidity level of 74.3%.  

Table 4 shows the toxic impact distances for CO2 at different concentrations. 

There is a reasonable chance that the pipeline will need to be shut in during pipeline operations, which 

would leave CO2 trapped in the pipeline for an undetermined amount of time. If the CO2 stays above 1,200 

psi, it stays in a supercritical state. If the CO2 is allowed to depressurize below 1,200 psi, the operator runs 

the risk of CO2 phasing to a mixture of gas and liquid—an operational condition to avoid. 
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Table 4. Toxic Impact Distances for CO2 at Different Concentrations 

Pipeline 

Pipeline 

Diameter 

(in) 

Segment 

Length 

(mi) 

Pressure 

(psi) 

Max of Toxic 

Impact 

Distance at 

40,000 ppm1 

(ft) 

Max of Toxic 

Impact 

Distance at 

30,000 ppm2 

(ft) 

Max of Toxic 

Impact 

Distance at 

15,000 ppm3 

(ft) 

Otter Tail to 
Wilkins CO2 

44 13.9 2,197.89 617.5 701.6 910.1 

1 40,000 ppm is the immediately dangerous to life or health (IDLH) limit. 

2 30,000 ppm is the National institute for Occupational Safety and Health (NIOSH) short-term exposure limit 

(STEL). The NIOSH STEL is the maximum time-weighted average concentration a person could be 

exposed to over a 15-minute period without injury. 

3 15,000 ppm is half of the NIOSH STEL. We used it to compare with the applicant LOCs. 

4 A 4-inch nominal diameter pipeline has an outside diameter of 4.5 inches. 

6.1 Evaluation of Applicant’s Aerial Dispersion Analysis 

Using applicant-provided data (see Table 8), Allied ran the CANARY model and verified the applicant-

provided impact distances (see Table 5). 

Table 5. Applicant Provided LOCs and Associated Impact Distances 

Product Analyses Performed 
Toxic LOC 

(ppm) 

Max of Toxic 

Impact 

Distance (ft) 

CO2 Toxic vapor cloud 

15,000 896.0 

40,000 509.6 

Also, the applicant used a software package called FLO-2D to model the aerial dispersion over terrain. 

However, from information supplied by the applicant, it appears that the FLO-2D analysis did not affect the 

impact distances produced using CANARY. 

7. Discussion and Recommendations 

Our analysis resulted in greater potential impact distances than the applicant-calculated impact distances. 

To understand what could contribute to this discrepancy, see the differences in project-specific values in 

Table 6. 
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Table 6. Differences in Project-Specific Values Contributing to Discrepancies in Potential Impact Distances 

Attribute 
Applicant 

Value Used 

Allied Value 

Used 
Comment 

Wind Speed 
(mph) 

5 4  
Slower wind speeds tend to extend impact 
distances. See Table 7 for more information. 

Product 
Temperature 
Before 
Rupture (°F) 

30 -20 

It is our opinion that this should be the colder 
temperature based on the last five years of 
weather data at Fergus Falls, Minnesota. See 
Appendix B for more information. 

Relative 
Humidity 

71% 88.7% 

It is our opinion that this should be the higher 
value based on the last five years of weather 
data at Fergus Falls, Minnesota. See Appendix B 
for more information. 

Air 
Temperature 
(°F) 

3.2 -22.1 

It is our opinion that this should be the colder 
temperature based on the last five years of 
weather data at Fergus Falls, Minnesota. See 
Appendix B for more information. 

Angle of CO2 

Release from 
Horizontal 

5 degrees 19 degrees 

Quest Consultants recommend 19 degrees 
because it generates the worst-case scenario 
with their models. Angles less than 19 degrees 
tend to be unrealistically conservative and 
generate a greater area of impact than is 
practical. 

Dispersion 
Coefficient 
Averaging 
Time (min) 

1 

Same as the 
Rupture 
Release time 
(60 minutes) 

In general, when this value is less than the 
release time, it generates an artificially greater 
potential impact distance. In general, matching 
the rupture release time is standard.  

Valve 
Segment 
Length (ft) 

105,600.69 73,392.0 
The different valve segment lengths do not 
materially affect the impact distance. 

Rupture 
Placement 
Along the 
Valve 
Segment 

About 1/8 
downstream of 
the center of 
the valve 
segment 

Equidistant 
from both 
ends of the 
valve segment 

The different rupture locations do not materially 
affect the impact distance. 

In general, the applicant’s methodology and results are valid, but they could have been more conservative 

in their modeling parameters and LOCs. The main concern is the impact distance at the 40,000-ppm 

concentration level. Allied calculated 617.5 ft and the applicant calculated 509.6 ft. Even though the 

applicant uses the more conservative impact distance at the 15,000-ppm concentration LOC to make 
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certain determinations, the 30,000-ppm and 40,000-ppm level LOCs are more meaningful because they 

have a larger effect on the health and wellbeing of those impacted by a potential pipeline rupture.  

There are slight terrain changes along the rights-of-way, in addition to windbreaks designed to interrupt the 

wind that carries CO2. It seems appropriate to take into consideration those factors when determining the 

reasonable worst-case impact from a potential rupture. The applicant uses FLO-2D to attempt that analysis. 

However, FLO-2D only considers terrain, not windbreaks or other flora. Also, according to engineers at 

FLO-2D, their software is meant to model liquid releases (single-phase flow) or liquid releases with 

sediment, which they refer to as “2-phase flow.” 

Furthermore, engineers at FLO-2D maintain that said software cannot account for gaseous mixing—a key 

component in aerial dispersion—and is not intended to be used for aerial dispersion analyses. As Allied did 

not attempt to account for windbreaks and terrain and the use of FLO-2D is not appropriate for terrain 

modeling of gaseous releases, we recommend using a computational fluid dynamics (CFD) software to 

determine if windbreaks and terrain materially affect a potential release. 

Performing a CFD analysis would not only provide better insight into the effect of terrain and local 

windbreaks, it would also show how long LOCs would be exceeded at various impact distances away from 

the pipeline. The time aspect of impact is very important because many NIOSH limits are based on 

exposure time at different limits. Exposure times associated with different concentration levels and impact 

distances are some of the most important aspects of aerial dispersion analysis. Again, we recommend 

using CFD software to determine the exposure time associated with various NIOSH exposure limits. 

8. References 

We performed this analysis in conjunction with the following reports: 

 Single Line CFD Analysis – Proposed Otter Tail to Wilkin CO2 Pipeline Project – Report v0.pdf 

 Reports and documents supplied by the applicant.   
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Appendix A – Project-Specific Data 

Table 7 describes the project-specific data we used to conduct the analysis.  

Table 7. Project-Specific Data 

Attribute Used For Value Used Source Justification 

Wind Speed 
(mph) 

Momentum jet 
dispersion model 

VCE momentum 
jet dispersion 
model 

4  
Allied 
Solutions 

4.47 mph is endorsed by 
Quest Consultants to 
produce reasonable 
worst-case conditions 
when using their software. 
We used a slightly lower 
value for additional 
conservatism. 

Product 
Temperature 
Before 
Rupture (°F) 

All models -20 
Allied 
Solutions 

Due to a measured soil 
temperature  at burial 
depth being subzero5  and 
the existence of 
aboveground valve sets, 
this temperature should 
be nearly the same as the 
air temperature. 

Wind Speed 
Measurement 
Height (ft) 

Momentum jet 
dispersion model 

VCE momentum 
jet dispersion 
model 

32.81 (10 m) 
Allied 
Solutions 

Endorsed by Quest 
Consultants to produce 
reasonable worst-case 
conditions when using 
their software 

Wind Stability 
Class 

Momentum jet 
dispersion model 

VCE momentum 
jet dispersion 
model 

Class F 
Allied 
Solutions 

A laminar wind condition 
that produces the largest 
impact long distances 
away from the pipeline 

Relative 
Humidity 

All models 88.7% 
Allied 
Solutions 

Selected from analysis in 
Appendix B 

Air 
Temperature 
(°F) 

All models -22.1 
Allied 
Solutions 

Selected from analysis in 
Appendix B  

 

 
5
 NOAA. Soil Temperature Maps by Depth: History data in CSV. Data retrieved 12/15/2023. 

https://www.weather.gov/ncrfc/LMI_SoilTemperatureDepthMaps. 
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Attribute Used For Value Used Source Justification 

Surrounding 
Surface 
Roughness 
(in) 

All models 6 (0.007 m) 
Allied 
Solutions 

Selected to provide the 
reasonably largest 
impacted area by 
assuming the smoothest 
onshore surfaces the 
CANARY software can 
offer 

CO2 Pressure 
(psi) 

All models 2,197.89 
Applicant 
Provided 

Applicant-provided data 
adjusted for altitude 

Release 
Duration (min) 

All models 60 
Allied 
Solutions 

Sufficient time to fully 
depressurize a valve 
segment (If we find it 
insufficient, we increase it 
until results verify that it is 
sufficient) 

Rupture 
Release Point 
(ft) 

All models 0 
Allied 
Solutions 

Indicates the worst case 
of pipe at ground level 
and unburied 

Angle of CO2 

Release from 
Horizontal 

All models 19 degrees 
Allied 
Solutions 

The angle of release 
Quest Consultants 
recommend because it 
generates the worst-case 
scenario with their models 

Dispersion 
Coefficient 
Averaging 
Time (min) 

Momentum jet 
dispersion model 

VCE momentum 
jet dispersion 
model 

Same as the Rupture 
Release time 

Allied 
Solutions 

Must be the same as the 
Rupture Release Time or 
results cannot be trusted 

Impoundment? All models No 
Allied 
Solutions 

No impoundment 
generates the worst case 

Max Flow Rate 
(lbs/sec) 

All models 13.34 
Applicant 
Provided 

Applicant-provided data 

Pipe Diameter 
(in) 

All models 4.5 
Applicant 
Provided 

Applicant-provided data 
plus 0.5 inches for 
conservatism 

Rupture 
Diameter (in) 

All models 
Same as pipe 
diameter to simulate 
a full guillotine rupture 

Applicant 
Provided 

Applicant-provided data 
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Attribute Used For Value Used Source Justification 

Valve 
Segment 
Length (ft) 

All models 73,392 
Applicant 
Provided 

Result from running 
CANARY on all pipeline 
segments provided by 
Applicant. The segment 
that generated the largest 
impact area starts at the 
valve at milepost 4.8 and 
ends at the valve at 
milepost 18.7. 

Rupture 
Placement 
Along the 
Valve 
Segment 

All models 
Equidistant from both 
ends of the valve 
segment 

Allied 
Solutions 

Provides accurate 
answers considering how 
the various models work 

Isolation Valve 
Closure Time 
(min) 

All models 10 
Applicant 
Provided 

Applicant-provided data 

 

Table 8. Applicant Project-Specific Data 

Attribute Value Used 

Wind Speed (mph) 5 

Product Temperature Before Rupture (°F) 30 

Wind Speed Measurement Height (ft) 32.81 (10 m) 

Wind Stability Class Class F 

Relative Humidity 71% 

Air Temperature (°F) 3.2 

Surrounding Surface Roughness (in) 6 (0.007 m) 

CO2 Pressure (psi) 2,197.89 
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Attribute Value Used 

Release Duration (min) 60 

Rupture Release Point (ft) 0 

Angle of CO2 Release from Horizontal 5 degrees 

Dispersion Coefficient Averaging Time (min) 1 

Impoundment? No 

Max Flow Rate (lbs/sec) 13.34 

Pipe Diameter (in) 4.03 

Rupture Diameter (in) 
Same as pipe diameter to 
simulate a full guillotine rupture 

Valve Segment Length (ft) 105,600.69 

Rupture Placement Along the Valve Segment 
About 1/8 downstream of the 
center of the valve segment 

Isolation Valve Closure Time (min) 10 
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Appendix B – Finding Reasonable Worst-Case Values for 

Humidity and Air/Ground Conditions 

To use humidity and air/ground temperature inputs that generate a reasonable worst-case scenario, we 

reviewed temperature and humidity data for Fergus Falls, Minnesota for the last five years: 12-17-2018 

through 12-17-20236 (see Table 9). 

Table 9. Descriptive Weather Statistics for Fergus Falls 12-17-2018 through 12-17-2023 

Attribute Minimum Value Maximum Value Median Value 

Air Temperature (°F) -34.6 98.6 43.9 

Relative Humidity (%) 27.4 99.8 75.3 

To find the reasonable worst-case temperature and humidity, we test reasonable high and low temperatures 

with their associated humidities to see which ones produce the reasonable worst-case impact scenario. 

Finding Low Temperature and Humidity Values 

To determine the reasonable worst-case scenario low temperature and humidity values for our model, we 

reviewed the temperature and humidity data for Fergus Falls, Minnesota for the last five years: 12-17-2018 

through 12-17-2023. 

There were 196 days on which the temperature at Fergus Falls dropped below zero during the last five 

years. The vast majority of the coldest temperatures were above -25.2 °F. Figure 1 shows the number of 

days the minimum temperature was in each range of below-zero temperatures. For example, the minimum 

temperature was in the range of -11.1 °F to -6.4 °F for a total of 37 days between 12-17-2018 and 12-17-

2023. 

 

 

 

6 Visual Crossing. Total Weather Data: History & forecast data in CSV or JSON. Data retrieved 12/18/2023. 

https://www.visualcrossing.com/weather-data 
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Figure 1. Number of Days Minimum Temperature Was Below Zero in Fergus Falls 12-17-2018 through 12-17-2023 

We chose -25.2 and -20.5 °F as the reasonable worst-case temperature range to use for this project. We 

did not choose the extreme worst-case temperatures, which occur extremely seldom (0.4% of the time). 

For the 18 cases where the temperature was within the chosen reasonable worst-case scenario range, we 

averaged the high and low of the range to come up with a single value: -22.9 °F. 

In the weather dataset we used, there isn’t a recorded measurement of -22.9 °F. The closest temperature 

recorded was in February 2021—a minimum temperature of -22.1 °F, which was associated with a relative 

humidity of 74.3%. We used those values as the low temperature and humidity values for this project. 

Note About Temperature at Pipe Depth 

It is our understanding that the applicant will install its proposed pipeline at a depth of 54 inches (measured 

from top of pipe). Normally, this would provide considerable insulation from the ambient temperature 

aboveground. However, we looked at soil temperature data from NOAA7 and discovered that over the last 

two years, the coldest soil reading of the year at 40 inches deep differed from the coldest ambient 

temperatures by only a few degrees Fahrenheit. Since colder temperatures in Minnesota can penetrate so 

deeply into the ground, the installation depth of the pipeline does far less to insulate it from colder 

temperatures than in other parts of the country. Therefore, to be conservative, we chose the coldest air 

temperatures as the basis for a worst-case scenario rather than modifying those temperatures to 

approximate below-ground temperatures. 

Finding High Temperature and Humidity Values 

To determine the reasonable worst-case scenario high temperature and humidity values for our model, we 

reviewed the temperature and humidity data for Fergus Falls, Minnesota for the last five years: 12-17-2018 

through 12-17-2023. 

 

 
7
  NOAA. Soil Temperature Maps by Depth: History data in CSV. Data retrieved 12/15/2023. 

https://www.weather.gov/ncrfc/LMI_SoilTemperatureDepthMaps. 



Aerial and Thermal Dispersion Analysis: Otter Tail to Wilkin CO2 Pipeline Project 

1-11-2024 

Page 16 of 19 

When evaluating the 606 days on which the maximum temperature at Fergus Falls was above 70 degrees8 

during the last five years, we saw that the vast majority of the hottest temperatures were below 87.4 °F. 

Figure 2 shows the number of days the maximum temperature was in each range of above 70-degree 

temperatures. For example, the maximum temperature was in the range of 80.2 °F to 82.6 °F for a total of 

143 days between 12-17-2018 and 12-17-2023. 

 

 

Figure 2. Number of Days Maximum Temperature Was Above 70 degrees in Fergus Falls 12-17-2018 through 12-17-
2023 

We chose 87.4 to 89.8 °F as the reasonable worst-case temperature. We did not choose the extreme worst-

case temperatures, which occur extremely seldom (1.7% of the time). For the 49 cases where the 

temperature was within the chosen reasonable worst-case scenario range, we averaged the high and low 

of the range to come up with a single value: 88.6 °F. 

In the weather dataset we used, there isn’t a recorded measurement of 88.6 °F. The closest temperature 

was recorded in June 2019—a maximum temperature of 88.7 °F, which was associated with a relative 

humidity of 55.5%. We used those values as the high temperature and humidity values for this project. 

Finding Final Reasonable Temperature and Humidity Values 

Table 10 shows the high and low Fergus Falls temperatures and associated humidity values we used for 

our analysis. 

 

 

8  Days with temperatures above 70 degrees are temperatures within roughly 30 degrees of the maximum temperatures 

in the dataset used for this project. This range was chosen to mirror the range chosen in the previous section which 
looked at temperatures roughly within 30 degrees of the coldest temperature recorded. 
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Table 10. High and Low Temperatures with Humidity Levels Used in Our Analysis 

Attribute Minimum Value Maximum Value 

Air Temperature (°F) -22.1 88.7 

Relative Humidity (%) 74.3 55.5 

These are not the extreme worst-case temperatures and humidities, because we are not trying to represent 

a “sky is falling” scenario. Instead, we are trying to base our analysis on a “reasonable” worst-case scenario. 

To that end, we used the other model variables in Appendix A, along with the variables in Table 10, to run 

CANARY and determine which set of temperature and relative humidity variables create a larger area of 

impact from a potential release. With all other variables being equal, the lowest temperature and its 

associated humidity level created a larger area of impact.  
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Appendix C – Overview of Available Aerial Dispersion 

Software 

Aerial dispersion modeling plays a crucial role in assessing the environmental impact of and potential risks 

associated with the release of hazardous substances into the atmosphere. Additionally, aerial dispersion 

modeling is typically completed for proposed CO2 pipeline projects as part of engineering, design, and other 

compliance requirements of the Pipeline and Hazardous Materials Safety Administration (PHMSA).  

Various software tools have been developed to simulate and predict the dispersion patterns of pollutants. 

Such simulations help users conduct emergency response planning, assess risk, and comply with 

applicable regulations. As the demand for accurate and reliable dispersion modeling increases, it’s 

important to continuously compare aerial dispersion modeling software packages, their functionality and 

limitations, and user reviews and feedback. 

In this report, we provide a brief overview of the three most common, non-CFD9 software packages—

CANARY, ALOHA, and CHARM—all of which can be used to conduct aerial dispersion analyses of liquid 

CO2 pipeline releases as the CO2 rapidly decompresses to a heavier-than-air gas. Please note that CFD 

and non-CFD software are not designed to quantify risk or conduct risk analysis. Rather, they are tools for 

establishing potential impacts and limits of said impacts, which is only one element of risk analysis. 

CANARY, a software tool developed by Quest, is a multi-component thermodynamics model that 

determines potential outcomes following a liquid CO2 release. CANARY provides the means for a qualified 

user to model the development of a variety of toxic, flammable, explosive, and radiant energy releases. 

CANARY is used for siting buildings and planning for pipeline and rail transport of highly volatile hazardous 

liquids such as liquid CO2. Use of CANARY is commonplace in the pipeline industry. 

ALOHA, which stands for Areal Locations of Hazardous Atmospheres, is a software tool developed by the 

National Oceanic and Atmospheric Administration (NOAA) to model the dispersion of hazardous chemicals 

in the atmosphere. ALOHA is used for emergency response planning, risk assessment, and decision 

support in the event of accidental chemical releases.  

CHARM, which stands for Complex Hazardous Air Release Model, is a modeling program developed and 

maintained by Dr. Mark Eltgroth. It calculates and predicts the dispersion and concentration of airborne 

vapor and particle plumes from released chemicals. CHARM also predicts the footprints of thermal 

radiation, overpressures, and particle deposition. CHARM is used for evaluating the impact of hazard liquid 

releases, designing emergency response plans, and implementing training programs. 

There are many technical pros and cons related to each software package. However, in this overview, we 

present high-level distinctions. 

Pros: 

 All three software packages accurately model CO2 aerial dispersions of volatile hazardous liquid 

releases – for which they were designed. 

 

 
9 Computational fluid dynamics (CFD) is the branch of applied science that concerns the analysis of flow, turbulence, and 

pressure distribution of liquids and gases, and their interaction with structures. It also helps predict fluid flow, mass transfer, 

chemical reactions, and related phenomena. 
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 CANARY has a long and vetted history in the pipeline industry—so much so that some major 

pipeline operators have it written into their standards that they will use only CANARY when 

modeling aerial dispersions. 

 ALOHA is free and has an extensive library of chemicals and levels of concern. 

 CHARM has a “pseudo-CFD” capability to incorporate terrain in dispersion models. 

Cons: 

 All three software packages require special training to use them correctly (that is, an untrained 

individual could pick up any of the three software packages, input data, and receive what looks like 

a reasonable answer but it would be wrong). 

 CANARY does not incorporate terrain into its dispersion modeling capabilities. 

 ALOHA can only model a limited number of basic situations and requires significant amounts of 

personnel time to run large numbers of simulations. ALOHA also doesn’t take terrain into account. 

 CHARM has difficulty coupling the heavier-than-air modeling with the lighter-than-air modeling in 

some cases, which can affect the accuracy of the initial release for some products. 

Combining these factors with our professional experience, Allied chooses to primarily use CANARY for 

aerial dispersion modeling. CANARY is widely used and accepted in the pipeline industry, and other 

software packages can be used in conjunction with CANARY to include the effects of terrain and other 

objects if necessary. In addition, since the applicant used CANARY to perform their aerial dispersion 

analysis, Allied chose to use CANARY when validating the applicant’s results. Using the same software 

also allowed us to more easily compare the results of the applicant’s analysis to our own independent 

analysis. 
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