




  
 

 

 

 

 

  

 
 

   

 

 
 

 

 

 
 

 

    

  

    
 

  

  

   

  

   

   
 

       

   

  

    
   

  
 

  

   
 

 

     
 

 

Exhibit 1 

DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: 

12/11/06 

Procedure No.: 

044 

Revision No.: 

4 
Affected Area(s): 

5900, 7400, and 7500 CO2 Pipelines 

Originating Department: 

Reliability Engineering 
Final Approval: 

/s/ Dale Johnson 

Date: 

7/9/2018 
Procedure Description: 

CO2 Pipeline Corrosion Control 

I. PURPOSE 

A. The purpose of this procedure is to provide guidelines for the protection and repair of the 
CO2 pipeline from corrosion. 

II. SCOPE 

A. Provide direction for corrosion control according to federal regulations. 

III. REFERENCES 

A. 49 CFR 195 Subpart F – Pipeline Integrity Management 

B. 49 CFR 195 Subpart H – Corrosion Control 

C. CSA Z662 Clause 9 – Corrosion Control 

D. CSA Z662 Clause 10 – Pipeline System Integrity Management Program 

E. NACE Standard SP0169-2007 – Control of External Corrosion on Underground or 
Submerged Metallic Piping Systems 

F. ASME B31G – Manual for Determining the Remaining Strength of Corroded Pipelines 

G. DGC Procedure No. EIP-261 – Cathodic Protection Rectifier Inspection 

IV. DEFINITIONS 

A. Buried - covered or in contact with soil. 

B. Direct assessment - an integrity assessment method that utilizes a process to evaluate 
certain threats (i.e. external corrosion, internal corrosion, and stress corrosion cracking) to a 
pipeline segment’s integrity. The process includes the gathering and integration of risk 
factor data, indirect examination or analysis to identify areas of suspected corrosion, direct 
examination of the pipeline in these areas, and post assessment evaluation. 

C. Electrical survey - a series of closely spaced pipe-to-soil potential measurements over a 
pipeline that are subsequently analyzed to identify locations where a corrosive current is 
leaving the pipeline. 

D. External corrosion direct assessment (ECDA) - a four-step process that combines pre-
assessment, indirect inspection, direct examination, and post-assessment to evaluate the 
threat of external corrosion to the integrity of a pipeline. 
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Procedure No. 

044 

Revision No. 

4 
Procedure Description: 

CO2 Pipeline Corrosion Control 

E. Pipeline environment - includes soil resistivity (high or low), soil moisture (wet or dry), soil 
contaminants that may promote corrosive activity, and other known conditions that could 
affect the probability of active corrosion. 

V. RESPONSIBILITIES 

A. The pipeline engineer shall establish inspection requirements, provide corrective action, 
and verify the corrosion control measures are sufficient for the Dakota Gasification 
Company (DGC) CO2 pipelines. 

B. Maintenance shall make all coating repairs in accordance with the guidelines established by 
the pipeline engineer. 

C. Inspection shall perform the required inspection at the interval established by the pipeline 
engineer. 

D. E&I Maintenance shall perform all cathodic protection inspections and repair/rework any 
deficiencies. 

E. Mechanical and Civil Engineering shall be responsible for determining the strength of as 
found pipeline. 

VI. INSTRUCTIONS 

A. Verify that supervisors maintain a thorough knowledge of their portion of the corrosion 
control procedures. 

B. Buried or submerged pipeline must have an external coating for external corrosion control. 

C. Coating material for external corrosion control must: 

1. Be designed to mitigate corrosion of the buried or submerged pipeline 

2. Have sufficient adhesion to the metal surface to prevent under film migration of 
moisture. 

3. Be sufficiently ductile to resist cracking. 

4. Have enough strength to resist damage due to handling and soil stress. 

5. Support any supplemental cathodic protection. 

6. If the coating is an insulating type, have low moisture absorption and provide high 
electrical resistance. 

D. All external pipe coating must be inspected just prior to lowering the pipe into the ditch or 
submerging the pipe. 

E. Coating damage discovered must be repaired. 

F. Buried or submerged pipeline must be cathodically protected. Cathodic protection must be 
in operation not later than one year after the pipeline is constructed, relocated, replaced, or 
otherwise changed, as applicable. 
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Procedure No. 

044 

Revision No. 

4 
Procedure Description: 

CO2 Pipeline Corrosion Control 

G. Buried or submerged pipeline must be protected from fault current and/or unusual risks of 
lightning strikes. 

1. Maintain a minimum 30’ distance from; 

a. Electrical transmissions tower footings 

b. Ground cables 

c. Counterpoises 

2. Solid State Decouplers will be considered at insulation flanges for protection from 
fault currents and/or lightning strikes. 

H. General – Each buried or submerged pipeline or segment of pipeline under cathodic 
protection must have electrical test leads for external corrosion control. 

I. Installation 

1. Locate the leads at intervals frequent enough to obtain electrical measurements 
indicating the adequacy of cathodic protection. 

2. Provide enough looping or slack so backfilling will not unduly stress or break the lead 
and the lead shall otherwise remain mechanically secure and electrically conductive. 

3. Prevent lead attachments from causing stress concentrations on pipe. 

4. For leads installed in conduits, suitably insulate the lead from the conduit. 

5. At the connection to the pipeline, coat each bared test lead wire and bared metallic 
area with an electrical insulating material compatible with the pipe coating and the 
insulation on the wire. 

J. Maintenance 

1. Maintain the test lead wires in a condition that enables an electrical measurement be 
made to determine whether the cathodic protection system complies with one or more 
of the applicable criteria and other conditions for cathodic protection contained in 
paragraphs 6.2 and 6.3 of NACE Standard SP0169-2007. 

K. If any portion of a buried pipeline is exposed, examine the exposed portion for evidence of 
external corrosion if the pipe is bare or if the coating is deteriorated. If external corrosion is 
found requiring corrective action, you shall investigate circumferentially and longitudinally 
beyond the exposed portion (by visual examination, indirect method, or both) to determine 
whether additional corrosion control is required in the vicinity of the exposed portion. 

L. Monitor external corrosion control: 

1. Protected pipeline 

a. Conduct tests on the protected pipeline at least once each calendar year, but 
with intervals not exceeding 15 months.  However, if tests at those intervals are 
impractical for separately protected short sections of bare or ineffectively 
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Procedure No. 

044 

Revision No. 

4 
Procedure Description: 

CO2 Pipeline Corrosion Control 

coated pipelines, testing may be done at least once every three calendar years, 
but with intervals not exceeding 39 months. 

b. Identify the circumstances in which a close-interval survey or comparable 
technology is practicable and necessary to accomplish the objectives of 
paragraph 10.1.1.3 of NACE Standard SP0169-2007. 

2. Unprotected pipeline 

a. Re-evaluate unprotected buried or submerged pipe and cathodically protect the 
pipe in areas in which active corrosion is found. 

(1) At least once every three calendar years, but with intervals not exceeding 
39 months. 

3. Rectifiers and other devices 

a. Rectifier – at least six times each calendar year, but with intervals not 
exceeding 2½ months. 

b. Other interference bond – at least once each calendar year, but with intervals 
not exceeding 15 months. 

4. Coupons 

a. Examine coupons at least twice each calendar year with intervals not 
exceeding 7½ months. 

M. Corrective Action 

1. Identified deficiencies in corrosion control must be corrected in a timely manner; not 
to exceed the next inspection cycle. 

2. A pipeline that is part of the Integrity Management Program shall be corrected as 
required by 49 CFR 195.452 (h), or CSA Z662, clause 10.3.1. 

N. Removal of Pipe 

1. Pipe removed from the pipeline shall have the internal surface inspected for evidence 
of corrosion. 

2. If you find internal corrosion requiring corrective action you must investigate 
circumferentially and longitudinally beyond the removed pipe to determine whether 
additional corrosion deficiencies requiring remedial action are present. 

O. Above Ground Pipeline 

1. Pipeline exposed to atmospheric corrosion shall be clean and coated. 

2. Coating material shall be as determined by the pipeline engineer, and must be 
suitable for the prevention of atmospheric corrosion. 

3. Pipeline exposed to the atmosphere shall be inspected every three calendar years 
with intervals not exceeding 39 months. 
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Procedure No. 

044 

Revision No. 

4 
Procedure Description: 

CO2 Pipeline Corrosion Control 

P. Corroded Pipe Corrective Action 

1. General Corrosion 

a. Pipe that is generally corroded that the remaining wall thickness is less than 
that required for the maximum operating pressure of the pipeline must be 
replaced; however, you need not replace the pipe if: 

(1) The maximum operating pressure is reduced commensurate with the 
strength of the pipe needed for serviceability based on actual remaining 
wall thickness; or 

(2) Repair the pipe by a method that reliable engineering tests and analyses 
show can permanently restore the serviceability of the pipe. 

2. Localized Corrosion Pitting 

a. Pipe having localized corrosion/pitting to a degree that leakage might result, 
must be replaced or repaired unless the maximum operating pressure is 
reduced commensurate with the strength of the pipe based on actual remaining 
wall thickness in the pits. 

3. ASME B31G manual for determining the remaining strength of corroded pipelines. 

Q. Corrosion Control Information Retention 

1. Maintain current records or maps to show the location of: 

a. Cathodically protected pipelines 

b. Cathodic protection facilities, including galvanic anodes 

c. Neighboring structures bonded to cathodic protection system 

2. Records or maps showing a stated number of anodes, installed in a stated manner or 
spacing, need not show specific distances to each buried anode. 

3. Maintain a record of each analysis, check, demonstration, examination, inspection, 
investigation, review, survey, and test required by this subpart H in sufficient detail to 
demonstrate the adequacy of corrosion control measures or that corrosion requiring 
control measures does not exist.  Retain these records for at least five years, with the 
exception of records pertinent to sections of 49 CFR 195 and CSA Z662, 195.569, 
195.573 (a) and (b), 195.579 (b)(3) and (c), which must be retained for as long as the 
pipeline remains in service. 
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Exhibit 3 

DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: 

2/11/03 

Procedure No.: 

028 

Revision No.: 

5 
Affected Area(s): 

All 

Originating Department: 

Engineering 
Final Approval: 

/s/  Dale Johnson 

Date: 

10/02/18 
Procedure Description: 

Integrity Management Program Assessment Results Review 

I. PURPOSE 

A. This procedure will be utilized to assess the results from an integrity assessment for the 
carbon dioxide (CO2) pipeline. 

II. SCOPE 

A. This procedure will be utilized as part of the Integrity Management Program per the 
Department of Transportation (DOT) 49 CFR 195. This procedure shall be used to ensure 
the results from any type of assessment of the carbon dioxide pipeline are assessed and 
documented correctly. 

III. REFERENCES 

A. 49 CFR 195 – Transportation of Hazardous Liquids by Pipeline 

B. 49 CFR 195.452 – Pipeline Integrity Management in High Consequence Areas 

C. API 1160 – Managing System Integrity for Hazardous Liquid Pipelines 

D. API 570 – Piping Inspection Code 

E. API Standard 1163 – In-line Inspection Systems Qualification 

F. NACE SP0102-2010 – In-line Inspection of Pipelines 

G. ASME B31G - Manual for Determining the Remaining Strength of Corroded Pipelines 

H. DGC Procedure No. 129 – Pipeline Inspections 

I. Form PLR-87 (DGC 1684) – ILI Acceptance Criteria 

IV. DEFINITIONS 

A. High consequence area (HCA) 

1. Commercially navigable waterway – A waterway where a substantial likelihood of 
commercial navigation exists. 

2. High population area – An urbanized area, as defined and delineated by the Census 
Bureau that contains 50,000 or more people and has a population density of at least 
1,000 people per square mile. 
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Procedure No. 

028 

Revision No. 

5 
Procedure Description: 

Integrity Management Program Assessment Results Review 

3. Other populated area – An area, as defined and delineated by the Census Bureau 
that contains a concentrated population, such as an incorporated or unincorporated 
city, town, village, or other designated residential or commercial area. 

a. Office of Pipeline Safety (OPS) identified – Areas the OPS has identified as 
meeting the criteria of an other populated area. 

B. Unusually sensitive area (USA) – A drinking water or ecological resource area that is 
unusually sensitive to environmental damage from a hazardous liquid pipeline release as 
defined in 49 CFR 195.6. 

C. Discovery of a condition – Discovery of a condition occurs when adequate information 
about the condition to determine the need for repair. Depending on circumstances, 
adequate information may be corroboration between any two of the following: 

1. Preliminary internal inspection report 

2. Integrated data from other sources 

a. Cathodic protection surveys 

b. Right-of-way inspections 

c. Other types of inspections 

3. Excavation and verification of condition 

4. Final internal inspection report 

The date can be no later than the date of the final report or integrity assessment results. 

V. RESPONSIBILITIES 

A. Plant Management 

1. Responsible for allocating appropriate resources for completing integrity 
assessments. 

B. Pipeline Superintendent 

1. Responsible for overseeing the implementation of this procedure to ensure 
compliance with 49 CFR Part 195. 

2. Provide operational support and resources for completing integrity assessments. 

C. Pipeline Engineer 

1. Issue a yearly report detailing the results of the annual cathodic protection (CP) 
survey. 

2. Issue a report detailing the results of piping inspections. 

3. Issue a report detailing the results of corrosion coupon inspections. 

D. Maintenance Engineering 
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Procedure No. 

028 

Revision No. 

5 
Procedure Description: 

Integrity Management Program Assessment Results Review 

1. Perform, or contract to perform, an annual test of pipe to soil potentials. 

2. Responsible for identifying all anomalies that will need to be investigated further. 

3. Responsible for calculating corrosion growth rates based on the previous runs and 
applying those rates to all critical anomalies. 

4. Responsible for coordinating an evaluation of all the assessment results to identify 
potential corrective actions. 

E. E&I Maintenance 

1. Ensure cathodic protection is operating at acceptable levels to adequately protect the 
pipeline. 

2. Perform, or contract to perform, an annual test of pipe to soil potentials. 

VI. INSTRUCTIONS 

A. Data Retention 

1. All reports and documentation required or produced by this procedure shall be filed in 
the appropriate folder (identified by work order number, assigned description, or 
pipeline location) located in Altien under DGC / Pipelines / Integrity Management. 

2. All reports are to be kept for the life of the pipeline. 

B. Types of Assessments 

1. Hydrostatic Test 

a. Hydrostatic tests, other than pre-service hydrostatic tests, shall not be allowed 
on the CO2 pipeline. This is due to the possibility of the formation of carbonic 
acid. 

2. Corrosion Control 

a. Cathodic Protection 

(1) It is the responsibility of E&I Maintenance to ensure the cathodic 
protection is operating at acceptable levels to adequately protect the 
pipeline without causing damage to the pipeline coating and also assured 
corrosion control and compliance with 49 CFR 195 subpart “H” 

(2) It is the responsibility of E&I Maintenance and/or Maintenance 
Engineering to perform or contract to perform an annual test of pipe to 
soil potentials. This data will be trended year to year and any 
modifications to the system will be noted with this data. 

(a) The pipeline engineer shall issue a yearly report detailing the 
results of the annual survey and compliance with 49 CFR 195 
Subpart H. This report is to include a summary of the survey and 
note any potential problems as well as any necessary repairs or 
additions to the cathodic protection system. This report will also 
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5 
Procedure Description: 

Integrity Management Program Assessment Results Review 

identify if any further investigation, such as a close interval survey, 
is required. This report will be issued to Process Operations and 
Maintenance. 

(b) If any additional cathodic testing is done on the pipeline the results 
and interpretations will be issued in a report distributed to Process 
Operations and Maintenance. 

b. Piping Inspection 

(1) It is the responsibility of the pipeline engineer to perform piping inspection 
per DGC Procedure No. 129. 

(a) The pipeline engineer shall issue a report detailing the results of the 
inspection. This report is to include a summary of the inspection 
and note any potential problems as well as any areas of concern, 
such as increased corrosion rate. This report shall l be issued to 
Process Operations and Maintenance. 

c. Corrosion Coupon 

(1) It is the responsibility of the pipeline engineer to inspect the corrosion 
coupon. The results and interpretations shall be issued in a report 
distributed to Process Operations and Maintenance. 

d. CO2 Sampling 

(1) Samples are collected daily and analyzed in the chemistry laboratory for 
CO2 quality and moisture content. Any time the moisture content is 
greater than 25 ppm, the process operations section manager is notified, 
and the source of the moisture or high reading is identified and resolved. 
A follow-up sample is taken to verify the moisture issue has been 
corrected. 

3. Electronic Inspection 

a. It is the responsibility of Maintenance Engineering to write the specifications for 
the equipment to be used for the internal inspection of the pipeline. 

(1) Maintenance Engineering shall ensure that the latest technology is used 
for the internal inspection of the pipeline. 

(2) Maintenance Engineering shall ensure that the tools are capable of 
detecting metal loss as well as any dent or other geometric anomalies. 

(3) Maintenance Engineering shall ensure that the tools utilize the latest 
means of Global Position System (GPS) technology for anomaly location. 

b. Process Operations and Maintenance shall coordinate the actual inspection of 
the pipeline. 
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028 

Revision No. 

5 
Procedure Description: 

Integrity Management Program Assessment Results Review 

C. Survey acceptance criteria shall be evaluated according to Form PLR-87 (DGC 1684) to 
ensure a successful in-line inspection (ILI) tool run. 

a. The contractor shall furnish a preliminary report to Maintenance Engineering 
when the tool run is complete and the data is analyzed. Maintenance 
Engineering shall forward a copy to Pipeline Process Operations for review and 
comments. This report will note any significant anomaly that will require 
immediate attention and further analysis. 

b. A final report from the tool run shall be furnished to Maintenance Engineering 
for analysis. 

(1) The data from the vendor is to be analyzed as follows: 

(a) The clustering criteria is to be 6t x 6t. 

(b) The formulas for calculating remaining strength are to be per ASME 
B31G modified. 

(c) The software supplied by the vendor shall have the option for the 
user to select different clustering rules as well as different remaining 
strength calculations. 

(d) The location of the anomaly will be reported in GPS coordinates. 

(e) The final report shall be issued no later than 150 days after 
completion of the ILI tool run. 

(2) Copies of this report shall be issued to management, Process Operations, 
and Maintenance for their review. 

c. Once the final report is reviewed and accepted, the following process will be 
used for validating the ILI tool unless DGC justifies not performing validation 
digs and documents the justification. 

(1) Dig selection shall include any that meet the defined response time 
criteria per 49 CFR 195. If no predicted features meet the defined 
response criteria, dig locations shall be selected to validate the magnetic 
flux leakage (MFL) and Caliper tools, as applicable. 

(a) Features used for validation must meet the detection and sizing 
specifications established by the ILI vendor. 

(b) Depending on the type of feature, the appropriate type of 
measurement shall be selected. (i.e. ultrasonic testing for internal 
corrosion, pit gauge for external corrosion) 

(2) Document dig site location using GPS and chainage from a known 
position using ILI tool data. 
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(3) Confirm any dig and anomaly locations, inspect and examine defect and 
coating, and document findings. Remaining strength calculations are 
completed based on the direct inspection results. 

(4) Validation is an analysis of predicted data and actual measurements to 
evaluate tool accuracies. Perform three validation points to obtain a high 
confidence in the ILI data. 

(5) Document the validation process for each dig selection, and return to the 
ILI vendor to update the final report if necessary. 

(6) If the measured data is within the acceptable limits pre-established by the 
ILI vendor and the predicted data reflects the conditions of the pipeline, 
then the tool run is acceptable. 

(7) Guidance on this topic can be found in API Standard 1163 and NACE 
SP0102-2010. 

g. Maintenance Engineering shall identify all anomalies that will need to be 
investigated further. 

(1) This shall be done through integration of all pertinent data. This data may 
include: 

(a) Cathodic protection data 

• Test post readings 

• Close interval surveys 

• Direct current voltage gradients 

(b) Right-of-way inspections 

(c) Other ILI tool data 

(d) Visual inspections 

(e) Soil data 

(f) Crossing records 

h. For corrosion anomalies, Maintenance Engineering shall calculate a corrosion 
growth rate based on the previous runs and apply that rate to all critical 
anomalies. 

(1) The anomalies shall be broken down into the following categories: 

(a) Those of significant size that do not meet the criteria for remaining 
strength 
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(b) Those that will reach a significant size before the next scheduled 
assessment 

i. Maintenance Engineering will issue a report after all the data is analyzed. This 
report shall list the number of the anomalies to be remediated, the repair 
method to be used to restore the serviceability of the pipe, and the date by 
which each anomaly will need to be repaired. This report shall be issued to 
Process Operations, Maintenance, and plant management. 

2. External Corrosion Direct Assessment 

a. Conduct External Corrosion Direct Assessment (ECDA) of all high 
consequence areas that cannot be inspected with intelligent inline inspection 
tools. Testing is to be done in accordance with 49 CFR 195.588 and all 
applicable NACE requirements listed in 195.588. 

b. Contractor will furnish a final report with recommendations for potential 
excavations to back up findings of the ECDA. 

3. Other Types of Assessments 

a. Other types of assessments such as directional ultrasonic, acoustic, or any 
other new technology that could prove beneficial in the assessment of the 
pipeline will be utilized as necessary 

b. If another type of assessment is utilized in the place of the ILI tool a notice to 
the Office of Pipeline Safety is required 90 days prior to conducting the 
assessment. 

(1) A report will be issued upon completion of any type of new assessment. 
This report will contain: 

(a) The results of the assessment 

(b) Any problems or concerns with the data 

(c) The applicability of the data to the integrity of the pipeline 

4. HCA Inspection for Aboveground Piping (5900 Area and MLV Station) 

a. Visual inspection – every three years (coating, insulation, etc.). 

b. Ultrasonic thickness reading – every three years (location of thickness reading 
designated by a degreed mechanical engineer. 

c. Inspection to be done by maintenance engineering personnel certified as piping 
inspectors per API 570 ─ Piping Inspection Code. 

5. HCA Inspection for Below Grade Piping 

a. Required every five years, unless through engineering analysis it can be proven 
that the time frame can be extended. 

b. This may not exceed a maximum of seven years. 
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(1) If a time frame longer than five years is justified, the pipeline engineer 
shall notify the Office of Pipeline Safety at least nine months prior to the 
five-year time frame expiring. 

c. If the technology doesn’t exist, notification to the Office of Pipeline Safety must 
be sent to inform them and an alternate plan for inspection proposed. 

(1) The Office of Pipeline Safety must be notified 180 days before the five-
year interval expires. 

D. Evaluation 

1. The pipeline engineer will be responsible for coordinating the evaluation process on 
comparing all the assessment reports listed in part VI.B. 

a. This comparison is to include corroboration between reports that would indicate 
a concern about condition of the pipeline or coating. 

b. Qualification of review personnel shall be per Appendix A of this procedure. 

2. Maintenance Engineering may request assistance from any department or outside 
contractor in the evaluation process. 

3. All data in the reports shall be trended by Maintenance Engineering to identify any 
areas that may be experiencing abnormal rates of changes in condition. 

4. If an area of concern is identified, Maintenance Engineering, or another department 
designated by Maintenance Engineering, shall issue a memo stating where the area 
is, what the concern is, what type of further investigation is required, and what type of 
remediation is required. 

5. A work order with tasks for all affected departments shall be generated and the work 
completed in accordance with the memo. 

` 
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APPENDIX A 

QUALIFICATION REQUIREMENTS FOR QUALIFIED PERSONNEL TO REVIEW 
IN-LINE INSPECTION REPORTS, EXTERNAL CORROSION DIRECT ASSESSMENT (ECDA) AND

OTHER DOCUMENTS CONCERNING THE MECHANICAL INTEGRITY OF THE PIPELINE 

A. Mechanical Engineer (Bachelor of Science) 

B. Attend risk assessment analysis training 

C. Knowledgeable in 49 CFR Part 195 requirements 

D. Knowledgeable of ASME B31.4 and API 1160 

E. Knowledgeable in reviewing in-line inspection reports 

F. Knowledgeable in defect assessment 

G. Knowledge of pipeline operations 

QUALIFICATION REQUIREMENTS FOR QUALIFIED PERSONNEL TO REVIEW 
CATHODIC PROTECTION DATA, INTERNAL INSPECTION REPORTS, AND   

EXTERNAL CORROSION DIRECT ASSESSMENT 

A. Metallurgical/Corrosion Engineer (Bachelor of Science) with a minimum of NACE cathodic 
protection level II certification 

B. Knowledgeable in NACE Recommended Practice RP0502-2002 

C. Knowledgeable in stress corrosion cracking 

QUALIFICATION REQUIREMENTS FOR QUALIFIED PERSONNEL TO REVIEW 
CIVIL/STRUCTUAL DOCUMENTATION 

A. Civil/Structural Engineer (Bachelor of Science), OR 

B. Geotechnical Soil Engineer (Bachelor of Science) consultant 
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QUALIFICATION REQUIREMENTS FOR QUALIFIED PERSONNEL TO REVIEW 
CIVIL/STRUCTUAL DOCUMENTATION 

A. Vendor training (on installed leak detection system) on how to program, operate, and detect 
leaks 

B. Knowledge of Computer Flow Modeling / Computational Pipeline Monitoring (CFM/CPM) 

C. Knowledge of Supervisory Control and Data Acquisition (SCADA) system 

D. Knowledge of API 1130, 1149, 1155, 1113 

E. Knowledge of 49 CFR Part 195 as it relates to leak detection systems 
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Exhibit 4 

DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: 

2/11/03 

Procedure No.: 

031 

Revision No.: 

4 
Affected Area(s): 

All 

Originating Department: 

Engineering 
Final Approval: 

/s/  Dale Johnson 

Date: 

10/02/18 
Procedure Description: 

Integrity Management Program Evaluation 

I. PURPOSE 

A. This procedure will be utilized to evaluate and assess the Integrity Management Program 
for the carbon dioxide (CO2) pipeline. 

II. SCOPE 

A. This procedure will be utilized as part of the Integrity Management Program (IMP) per the 
Department of Transportation (DOT) 49 CFR 195.452. This procedure shall ensure the 
program is run efficiently and correctly. 

III. REFERENCES 

A. 49 CFR 195 – Transportation of Hazardous Liquids by Pipeline 

B. 49 CFR 195.452 – Pipeline Integrity Management in High Consequence Areas 

C. API 1160 – Managing System Integrity for Hazardous Liquid Pipelines 

D. “Consolidated Format Integrity Management Inspection Protocols”, US Department of 
Transportation, Research and Special Projects Administration, and Office of Pipeline Safety 

E. API RP 754 – Process Safety Performance Indicators for the Refining and Petrochemical 
Industries 

F. “Guidance for Strengthening Pipeline Safety Through Rigorous Program Evaluation and 
Meaningful Metrics”, Pipeline and Hazardous Materials Safety Administration (PHMSA) 

IV. DEFINITIONS 

A. High consequence area (HCA) 

1. Commercially navigable waterway – A waterway where a substantial likelihood of 
commercial navigation exists. 

2. High population area – An urbanized area, as defined and delineated by the Census 
Bureau that contains 50,000 or more people and has a population density of at least 
1,000 people per square mile. 

3. Other populated area – An area, as defined and delineated by the Census Bureau 
that contains a concentrated population, such as an incorporated or unincorporated 
city, town, village, or other designated residential or commercial area. 
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a. Office of Pipeline Safety (OPS) identified – Areas the OPS has identified as 
meeting the criteria of an other populated area. 

B. Unusually sensitive area (USA) – A drinking water or ecological resource area that is 
unusually sensitive to environmental damage from a hazardous liquid pipeline release as 
defined in 49 CFR 195.6. 

V. RESPONSIBILITIES 

A. Plant Management 

1. Responsible for allocating appropriate resources for completing IMP effectiveness 
evaluations. 

2. Responsible for approving IMP performance goals. 

B. Pipeline Superintendent 

1. Responsible for overseeing the implementation of this procedure to ensure 
compliance with 49 CFR Part 195. 

2. Provide operational support and resources to perform IMP effectiveness evaluations. 

3. Responsible for communicating established goals and the results of the IMP 
evaluation to appropriate stakeholders. 

C. Pipeline Engineer 

1. Responsible for periodic maintenance of metrics established to support the IMP 
effectiveness evaluation. 

D. Maintenance Engineering Supervisor 

1. Provide support and resources to the pipeline engineer. 

VI. INSTRUCTIONS 

A. Establishment of safety performance goals – The following outlines the steps for selection, 
documentation, and communication of safety performance goals. 

1. Safety performance goals – Safety performance goals should be documented and 
reviewed periodically as part of DGC’s required program evaluation. These goals 
should support the short and long-term organizational objectives of Dakota 
Gasification Company (DGC). 

2. System specific safety performance goals – Additional safety performance goals 
should be established for unique system configurations or situations, such as: 

a. Piping systems transporting highly volatile liquids, 

b. Piping systems having unique operating parameters (e.g. piping system that is 
susceptible to liquid entrainment), 
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c. Piping systems having unique threat profiles (e.g. located in areas having high 
population density, industrial, or construction activities). 

3. Senior management commitment – Senior management should be engaged in the 
development and review of the safety performance goals. 

4. Safety performance goal communication – Safety performance goals should be 
routinely communicated as well as performance to goals should be communicated to 
appropriate stakeholders by the pipeline engineer. 

5. Safety performance goal review – Safety performance goals should be established or 
reaffirmed on a periodic basis. Previously established goals should be affirmed or 
redefined/revised as needed to maintain effectiveness. 

B. Identification of required performance metrics 

1. At a minimum, DGC shall measure and track the metrics that DGC is required to 
submit annually to PHMSA per 49 CFR Part 195. 

2. DGC may identify other required metrics as appropriate. Other required metrics may 
be selected from 49 CFR Part 195 or API 1160. 

C. Selection of other required metrics and additional meaningful metrics 

1. DGC should select other required metrics and additional meaningful metrics that 
effectively monitor and measure the performance to the established safety goals. 

D. Performance metrics collection and recording 

1. The pipeline engineer and pipeline superintendent are responsible for collecting data 
for the required performance metrics. 

2. The data supporting all established metrics should be recorded in a centralized file, 
such as a managed Microsoft Excel spreadsheet or a technical report. 

3. Recorded data should be reviewed and validated to identify potential errors. 

E. Program evaluation using metrics 

1. The pipeline superintendent, or designee, is responsible for measuring the 
effectiveness of the IMP annually and communicating relevant information to affected 
personnel. 

2. As a guide, an effective program should have the following characteristics: 

a. Assessment of program effectiveness ─ A review of relevant inputs to measure 
IMP effectiveness. Periodic self-assessments, internal audits, external audits, 
management reviews, or other self-critical evaluations may be used to assess 
the program effectiveness. 

b. Metric trends – Program effectiveness is determined through the analysis of 
established performance metrics. Performance metrics are reviewed to identify 
trends in the data and risk reduction measures are implemented to correct 
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negative trends. The metrics review should include an assessment of the 
success in meeting the established safety goals. 

c. Program evaluation reviews – The Pipeline Superintendent should approve 
program evaluations and provide resources to address adverse performance 
trends identified by the program evaluation. 

d. Performance feedback – Lessons learned, insights from the performance metric 
trends, and best practices, should be provided to appropriate personnel 
responsible for the different aspects of the IMP. 

e. Corrective actions – Corrective actions from the performance evaluation should 
be formally tracked in EXP-DIR incident reporting system until completion and 
should have designated timeframes that are commensurate with the action’s 
importance to safety. Corrective actions resulting in significant organizational 
change should be managed through DGC’s management of change process. 
Corrective actions should be revisited in subsequent performance evaluations 
to determine proper implementation of the action. 

f. Threat identification and risk analysis updates – A review of the IM threat 
assessment and risk analysis process that considers the outcomes, insights, 
and identified trends. This helps ensure that the risk analysis tools used to 
support future safety and integrity decisions accurately reflect the operational 
history, asset condition, and program experience. 

g. Program evaluation process reviews – The program evaluation process itself 
should be reviewed annually as part of the IMP effectiveness evaluation. This 
evaluation attempts to identify opportunities for improvement for the 
performance evaluation. 

h. Safety performance goals confirmation – Based on results of the performance 
evaluation, new safety performance goals should be established or the current 
set of goals should be reaffirmed. Goals may be redefined or revised if they are 
not positively affecting safety performance. 

i. Metric updates – Metrics should be updated to address any improvements 
identified by the program evaluation and updated safety performance goals. 
DGC should eliminate non-useful metrics. 

VII. RECORDS 

A. All reports and documentation required or produced by this procedure shall be considered 
records, and shall be filed for the life of the pipeline in the appropriate electronic folder 
located in Altien under DGC / Pipelines / Integrity Management. 
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Exhibit 6 

DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: Procedure No.: 

022 

Revision No.: 

0 
Affected Area(s): 

All 

Originating Department: 

Plant Management 
Final Approval: 

/s/  Dale Johnson 

Date: 

10/04/18 
Procedure Description: 

Risk Assessment of Facilities Potentially Affecting High Consequence Areas 

I. PURPOSE 

A. To define the process utilized for performing a risk analysis of facilities that may affect high 
consequence areas (HCAs) along the carbon dioxide (CO2) pipeline. Additionally, to 
evaluate relevant risk factors at facilities, including those factors that may be unique or 
specific to facilities. 

II. SCOPE 

A. This procedure shall be utilized as part of the Integrity Management Plan per the 
Department of Transportation (DOT) 49 CFR 195.452. This procedure provides guidance 
for prioritizing threats posed from facilities that potentially affect HCAs. 

III. REFERENCES 

A. 49 CFR 195 ─ Transportation of Hazardous Liquids by Pipeline 

B. 49 CFR 195.452 – Pipeline Integrity Management in High Consequence Areas 

C. API 1160 ─ Managing System Integrity for Hazardous Liquid Pipelines 

D. DGC Form 1642 - Process Hazard Analysis Recommendation Resolution 

E. DGC Pipeline Safety Risk Matrix 

IV. DEFINITIONS 

A. High consequence area (HCA) − An HCA can be defined as any of the following: 

1. Commercially navigable waterway − A waterway where commercial navigation exists. 

2. High population area − An urbanized area, as defined and delineated by the Census 
Bureau, which contains 50,000 or more people, and has a population density of at 
least 1,000 people per square mile. 

3. Other populated area − A place, as defined and delineated by the Census Bureau, 
which contains a concentrated population, such as an incorporated or unincorporated 
city, town, village, or other designated residential or commercial area. 

a. Office of Pipeline Safety (OPS) identified – Areas the OPS has identified as 
meeting the criteria of an other populated area. 
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B. Unusually sensitive area (USA) − A drinking water or ecological resource area that is 
unusually sensitive to environmental damage from a hazardous liquid pipeline release as 
defined in 49 CFR Part 195.6. 

C. Active safeguard – Safeguards which detect and then respond to process deviations. 
These safeguards directly prevent hazards from occurring, provide notification so that a 
human may respond to a condition, or may mitigate the hazard. 

D. Administrative controls – A procedural requirement for directing and/or checking engineered 
systems or human performance associated with plant operations (i.e., operating 
procedures, lockout/tagout/training, car seal system, and safety procedures). 

E. Basic Process Control System – A control system, generally within the Distributed Control 
System, that safeguards against hazards or maintains a system within a safe operating 
envelope. 

F. Catastrophic release – A major uncontrolled emission, fire, or explosion, involving one or 
more highly hazardous chemicals that presents serious danger to workers, the public, or 
the environment. 

G. Cause – Actions or events that could result, directly or indirectly, in the initiation of an 
undesirable process condition. 

H. Consequence – Direct, undesirable result of a deviation. Typically measured in health and 
safety effects, environmental impacts, loss of property, and business interruption costs. 

I. Credible scenario – A cause/consequence pairing with a reasonable and 
documented/validated probability of occurring (e.g. an overpressure event leading to injury 
to personnel when the pump curve indicates the pump is capable of achieving a pressure 
over design). 

J. Deviation – Departure from the intended operation/function of a process or pre-established 
operating or design limit. 

K. Double jeopardy – Concurrent incidence of multiple, independent, and unrevealed initiating 
events. 

L. Escalation event – An event with cascading failures.  An example would be a catastrophic 
failure of a piece of rotating equipment resulting in the failure of another piece of equipment 
due to a secondary event such as a fire spreading. 

M. Engineering Controls – A hardware or software system designed to maintain a process 
within safe operating or design limits, to safely shut it down during a process upset, or to 
reduce human exposure to the effects of an upset (e.g. pressure relief devices, interlocks, 
and control valve failure positions). 

N. EXP-DIR – Electronic software/database system used to review, manage, communicate, 
document, and approve an action item from a risk assessment. 

O. Guideword – Words such as high, low, no, more, or less, which are used in conjunction with 
parameters to analyze deviations. 
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P. Hazard and Operability (HAZOP) Analysis – Qualitative risk assessment technique utilizing 
guidewords and deviations to systematically assess process risks. 

Q. Node – A small portion of a process identified for process hazard analysis. 

R. Operability – Ability to operate a process within its design intention. 

S. Parameter – Measurable process conditions such as pressure, temperature, and level, 
which when combined with guidewords, are utilized to identify and analyze process 
deviations. 

T. Passive safeguard – Safeguards based on design features and do not require any external 
input to function. Generally, passive safeguards mitigate a consequence to a less severe 
event; an example would be a dike wall or drainage designed for a specific consequence. 

U. Procedural safeguard – Safeguards that utilize human response to mitigate or prevent a 
consequence. Examples include procedural checks, administrative checks, operator 
checks, and corrective actions. 

V. Risk – The resulting intersection of severity and frequency in the risk matrix utilized to 
measure potential loss (human, environmental, economic). 

W. Risk matrix – A chart that shows the event frequency ranges versus the consequence 
ranges, along with likelihood and consequence categories, to determine the tolerability of 
risk in a given category. The risk matrix is used to standardize judgments about risks. 

X. Safeguard – A device, system, or action for reducing the frequency and/or severity of the 
consequences of a deviation. 

Y. What–if analysis – A risk assessment technique that utilizes brainstorming based on a list of 
questions or concerns addressing hazards, hazardous situations, or specific accident 
events that can produce an undesirable consequence in a system or process and 
qualitatively judges the adequacy of existing safeguards. 

V. RESPONSIBILITIES 

A. Plant Management 

1. Provides the necessary resources to maintain the facility risk assessment process. 

2. Provides the necessary resources to implement approved preventive and mitigative 
measures. 

B. Pipeline Superintendent 

1. Review recommended preventive and mitigative measures and determine if the 
recommended measures should be implemented. 

C. Compliance, Safety, and Industrial Hygiene Superintendent 

1. Provides personnel knowledgeable in risk assessment methodologies. 

2. Responsible for ensuring a risk analysis report is produced and distributed to 
appropriate stakeholders. 
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VI. INSTRUCTIONS 

A. General considerations 

1. The goals of risk assessment are as follows: 

a. Identify the threats to facility integrity. 

b. Determine the risk represented by these threats and the consequences to 
critical locations. 

c. Rank facilities in the order of greatest need for integrity assessment or 
mitigative action, if applicable. 

d. Compare different integrity assessment or mitigation options in terms of the risk 
reduction benefits and costs. 

e. Facilitate reassessment and re-ranking once the integrity assessments and 
mitigative actions have been completed. 

2. Risk assessments are not static and do not deliver absolute certainty with regard to 
scheduling integrity assessments or other preventive and mitigative activities. 
However, it does offer a methodology with which to start an integrity assessment 
program, and if allowed to evolve with experience, it becomes a tool for continual 
planning of integrity assessments. 

3. Risk assessments for facilities potentially affecting HCAs shall be conducted if one of 
the following conditions are met: 

a. Prior to startup of a new facility potentially affecting HCAs 

b. Within six months of a change that requires a revised risk assessment 

c. Within six months of a change that requires a revised consequence analysis 
(e.g. new process, new facility, operational change, HCA changes, equipment 
changes). 

4. Team composition 

a. Risk assessments for facilities shall be performed by an experienced team 
knowledgeable in the process technology and operations. The team shall be 
comprised of essential personnel who are required to be present for the entire 
duration of the risk assessment and support personnel who shall be available 
for the duration of the risk assessment. 

(1) Essential personnel ─ The following roles are considered essential. A risk 
assessment shall not proceed without representation of at least the 
following competencies: 

(a) Process knowledgeable representative ─ Shall have detailed 
technical experience and knowledge of the process technology 
being assessed. This experience should include knowledge of the 
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chemistry, engineering, equipment, and safety equipment utilized 
within the process being analyzed. 

(b) Process operations representative ─ Shall have operational 
knowledge of the process technology being assessed. This 
experience should include working knowledge of the safety 
equipment, controls, history, physical layout, and procedures 
utilized within the process being analyzed. 

(c) Pipeline engineer ─ Shall have detailed technical experience and 
knowledge of the process technology being assessed. This 
experience should include knowledge of the engineering, 
equipment, pipeline integrity management activities, and safety 
equipment. 

(d) Person knowledgeable of the risk assessment technique ─ Shall 
have detailed experience and knowledge of the risk assessment 
technique being utilized as well as a knowledge of the process 
sufficient to understand the plant processing operations being 
discussed, capture relevant details, and to control the discussion. 

(e) Mechanical engineer/maintenance engineer (fixed equipment) or 
inspection representative ─ Shall have detailed experience and 
working knowledge of mechanical integrity threats specific to 
facilities (e.g. external corrosion, internal corrosion, manufacturing 
defects, construction defects, equipment failure, and cycle induced 
fatigue). 

(f) Maintenance engineer (rotating equipment) ─ Shall have detailed 
experience and working knowledge of pumps, compressors, and/or 
fans associated with facilities. 

(2) Support personnel ─ Additional personnel may be required and shall be 
identified during the planning phase of the risk assessment. 

5. Acquiring and integrating data in risk assessment 

a. The data to be gathered and integrated shall be of sufficient quality and breadth 
so that it can be used in the risk assessment to help identify relevant threats 
that could affect the integrity of the facility. Examples of data include: 

(1) Attributes of each facility that bear on the susceptibility to various integrity 
threats 

(2) Construction factors that could affect the susceptibility to various integrity 
threats 

(3) Operating parameters that could affect the susceptibility to various 
integrity threats 
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(4) Assessment histories that may indicate susceptibility to various integrity 
threats 

(5) Release history 

B. Risk assessment approach 

1. A combination of the following risk assessment methods may be used to determine 
and evaluate the risks posed by facilities: 

a. Hazard and Operability (HAZOP) Analysis 

b. What-if Analysis 

c. Appropriate equivalent methodology that evaluates specific risks of facilities 

2. HAZOP analysis methodology 

a. HAZOP methodology may be used to provide an analysis of threats posed from 
incorrect operations and equipment failure. 

b. HAZOP methodology is not suitable for analyzing all threats posed to facilities. 
Additionally, planning for certain non-credible scenarios is not reasonable. 
Therefore, the following scenarios are excluded from the HAZOP methodology: 

(1) Double jeopardy events. 

(2) Occupational, health, and safety events ─ Events such as slips, trips, falls, 
ergonomics, and walking/working surfaces shall be addressed via the 
Safety Management System and are not covered by facility risk. 

(3) Events initiated by failure of control of work practices ─ Failure of control 
of work practices (i.e. safe work permitting, hot work permitting, lock out -
tag out, confined space entry, and the bolted joint procedure) shall not be 
considered initiating events. 

(4) Engineering design errors ─ It shall be assumed that the process being 
evaluated has been designed in accordance with good engineering 
practices. 

(5) Escalation events ─ The development of a credible scenario shall 
terminate at the loss event caused from the process deviation. 

(6) Initiating events that do not cause a loss event within 24 hours may be 
excluded at the discretion of the team. This is intended to exclude events 
that are progressive in nature such as corrosion/erosion/seal damage and 
are generally identified and corrected prior to a catastrophic failure. 
Failures that will result in a sudden catastrophic failure and are 
unrevealed are not exempted. “What-if” methodology is more suitable for 
these scenarios. 

(7) Events initiated by natural disasters, terrorism, sabotage, or a third-party. 
“What-if” methodology is more suitable for these scenarios. 
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c. HAZOP workflow ─ Facility risk assessment using HAZOP follows the following 
seven step process: 

(1) Establishment of node boundaries 

(a) Nodes shall be developed prior to HAZOP and shall be identified 
with highlighted piping and instrumentation diagrams (P&IDs). 

(b) Safe operating limits for the node under analysis shall be reviewed 
during the risk analysis. These limits are the critical parameters that 
define when a deviation occurs. Generally, these consist of the 
following design parameters: pressure, temperature, flow rates, and 
stream compositions. These parameters effectively describe the 
process safe operating limits. 

(2) Deviations 

(a) Deviations consist of a guideword/parameter pair, such as “high” 
and “pressure.” This pairing results in the deviation “high pressure.” 
Additionally, generic deviations may be specified to review specific 
risks associated with a node (e.g. relief systems, management of 
change, abnormal operations, and previous incidents). 

(b) Table 1 lists examples of how parameters and guidewords may be 
combined to form deviations. 
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(c) Consequence developed shall assume that all active safeguards 
fail. Passive safeguards may be assumed to still function at the 
discretion of the team. 

(d) Consequences shall reference equipment tags. 

(e) Scenario consequence are to be developed by the immediate 
consequence of interest (no escalation of event). Team should base 
severity on the most severe plausible outcome. 

(f) Risks that are associated with economic or environmental 
consequences are outside the scope of the risk assessment. 

(5) Safeguards 

(a) Active safeguards shall be identified and reviewed against process 
safety information (PSI) for effectiveness.  For example, a relief 
valve protecting against a blocked outlet case is to be reviewed 
against the relief device sizing documentation and found to be sized 
adequately for the blocked outlets scenario, a temperature alarm is 
to be confirmed to be set below safe operating limits. 

(b) Active safeguards shall have adequate response time to safeguard 
against the scenario developed. For example, an alarm that affords 
credit for an operator to respond, includes adequate time for an 
operator to notice the alarm, determine appropriate action, and 
complete any tasks required. These durations shall be based on 
team judgment and experience for HAZOP assessments. 

(c) Administrative or procedural safeguards (e.g. procedures or 
manuals) shall be documented. 

(6) Scenario frequency evaluation 

(a) Frequencies shall be developed by the likelihood adjustment 
method. This method takes an initial estimate for the frequency 
based on team judgment or published data and then adjusts the 
frequency based on the probability of failure of safeguards designed 
to mitigate or prevent the scenario. 

(7) Risk ranking 

(a) Based on the results of the consequence evaluation and the 
scenario frequency evaluation, scenarios are to be risk ranked to 
determine a risk priority level. The risk priority level is defined by the 
DGC Pipeline Safety Risk Matrix. 

3. What-if methodology 

a. What-if methodology may be used to provide an analysis of the threats posed 
from facilities that may not be adequately analyzed using HAZOP. Generally, 
HAZOP takes the cause of the scenario into account when calculating risk, 
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severity, and likelihood of the scenario. The what-if analysis simply considers 
what the outcome would be if the given scenario were to occur. This allows the 
what-if analysis to cover a range of scenarios that could be overlooked using 
the HAZOP analysis. 

b. In this method, a scenario is described by asking what the consequences of a 
facility threat would be. For example, “What if the facility experiences external 
corrosion at the soil-to-air interface?” or “What if there was localized soil 
movement that exposed the pipe?” 

c. What-if workflow ─ Facility risk assessment using what-if methodology follows 
the following six-step process: 

(1) Topic/Guideword 

(a) A list of relevant threats to the integrity of the facility shall be 
identified for discussion. 

(2) What-if/Causes 

(a) The team shall develop scenarios identified as having a reasonable 
probability of occurring by asking, “What if X occurred?”. 

(3) Consequence evaluation 

(a) The team shall determine the consequences of the scenarios which 
have a reasonable probability of occurrence and document the 
severity of the outcome. 

(4) Safeguards 

(a) A list of safeguards used to prevent or mitigate scenario 
consequences is to be developed. 

(5) Scenario frequency evaluation 

(a) Frequencies shall be developed by the likelihood adjustment 
method. This method takes an initial estimate for the frequency 
based on team judgment or published data and then adjusts the 
frequency based on the probability of failure of safeguards designed 
to mitigate or prevent the scenario. 

(6) Risk ranking 

(a) Based on the results of the consequence evaluation and the 
scenario frequency evaluation, scenarios shall be risk ranked to 
determine a risk priority level. The risk priority level is defined by the 
DGC Pipeline Safety Risk Matrix. 

C. Recommended preventive and mitigative measures from risk assessments 

1. Risk assessment shall continually identify preventive and mitigative measures to be 
considered for implementation. As integrity assessments, remediations, and 
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mitigative actions are carried out, the particular risk assessment method used can be 
validated, improved, or replaced if necessary to conform with the experience gained 
through integrity management activities 

2. Preventive and mitigative measures for facilities shall be identified and prioritized 
based on the results of risk assessments. 

3. Recommended preventive and mitigative measures for facilities shall be reviewed by 
the pipeline superintendent. 

a. If the pipeline superintendent determines preventive and mitigative measures 
recommended from the risk assessment are required, the preventive and 
mitigative measures shall be implemented. 

(1) Preventive and mitigative measures to be implemented shall be tracked 
with the EXP-DIR system. 

b. The pipeline superintendent may justifiably decline to adopt a recommendation 
where the reason is documented in writing and adequate evidence given that 
one or more of the following are true: 

(1) The analysis upon which the recommendation is based contains material 
factual error. 

(2) The recommendation does not significantly reduce risk posed to the 
health and safety of employees, employees of a contractor, or the public. 

(3) An alternative measure would provide a sufficient level of protection. 

(4) The recommendation is unfeasible. 

c. Should the pipeline superintendent determine to justifiably decline a 
recommendation, the reason is documented and signed in the Process Hazard 
Analysis Recommendation Resolution form (DGC 1642). The signed form shall 
be attached to the recommendation in EXP and the recommendation is closed. 

VII. RECORDS 

A. Results of risk assessments shall be documented and distributed to appropriate 
stakeholders by the compliance, safety, and industrial hygiene superintendent, or designee. 

B. All reports and documentation required or produced by this procedure shall be considered 
records, and shall be filed for the life of the facility in the appropriate electronic folder 
located in Altien under DGC / Pipelines / Integrity Management. 

DGC 0577 | 20160718 Page 11 of 11 
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7 4 0 0 / 7 5 0 0  P F D  M A TE R IA L  B A L A N C E  TA B L E  

CASE  1  

SUMMER  

CASE  1  

WINTER  

CASE  1A  

SUMMER  

CASE  1A  

WINTER  

CASE  2  

SUMMER  

CASE  2  

WINTER  

CASE  3  

SUMMER  

CASE  3  

WINTER  

CASE  4  

SUMMER  

CASE  4  

WINTER  

PIPELINE  FLOW  120  MMSCFD  120  MMSCFD  105  MMSCFD  105  MMSCFD  95 MMSCFD  95 MMSCFD  165  MMSCFD  165  MMSCFD  200  MMSCFD  200  MMSCFD  

#  5900  COMPRESSORS  OPERATING  

TIOGA  BOOSTER  PUMP  OPERATING  

GOODWATER  STATION  FLOW  (SEE  NOTE  2)  

MIDALE  STATION  FLOW  (SEE  NOTE  2)  

FLOW  DELIVERED  UPSTREAM  OF TIOGA  (SEE  NOTE  2)  

2 

YES  

110 MMSCFD  

10 MMSCFD  

2 

YES  

110 MMSCFD  

10 MMSCFD  

2 

NO 

95 

10 

MMSCFD  

MMSCFD  

2 

NO 

95 

10 

MMSCFD  

MMSCFD  

2 

NO 

90 

5 

MMSCFD  

MMSCFD  

2 

NO 

90 

5 

MMSCFD  

MMSCFD  

3 

YES  

137.5  MMSCFD  

27.5  MMSCFD  

3 

YES  

137.5  MMSCFD  

27.5  MMSCFD  

4 YES  

(UPGRADED)  
137.5  MMSCFD  

27.5  MMSCFD  

35 MMSCFD  

4 YES  

(UPGRADED)
137.5  MMSCFD  

27.5  MMSCFD  

35 MMSCFD  

INSTRUMENT  LOCATION  

PI/TI 74000  PLANT  DISCHARGE  

PI/TI 74001  MLV  #1  

PI/TI 74002  MVL  #2  

PI/TI 74003  MLV  #3  

PI/TI 74004  MLV  #4  

PI/TI 74005  MLV  #5  

PI/TI 74006  MLV  #6  

PI/TI 74007  MLV  #7  

PI/TI 74020  TIOGA  STATION  INLET  

PI/TI 74056  PUMP  DISCHARGE  

PI/TI 74021  TIOGA  STATION  OUTLET  

PI/TI 74008  MLV  #8  

PI/TI 74009  MLV  #9  

PI/TI 74010  MLV  #10  

PI/TI 75001  MLV  #11  

PIC 6014/TI 75002  GOODWATER  STATION  INLET  

PIC 6013  (NOTE  3)  GOODWATER  STATION  OUTLET  

PC 75032  MIDALE  STATION  INLET  

PC 75033  (NOTE  4)  MIDALE  STATION  OUTLET  

PSIG  °F 

2270  125  

2143  96 

2000  81 

1909  74 
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1880  67 

1857  63 

1839  63 

1800  60 

2479  70 

2474  65 
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2313  56 
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2195  35 

PSIG  °F 

2690  125  
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2336  81 
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2523  59 

2354  58 

2200  58 
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PSIG  °F 
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2841  70 

2836  65 

2628  59 

2562  59 
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2347  58 

2200  58 

2069  58 

2200  58 

2195  58 

PSIG  °F 

2690  120  

2477  87 

2233  68 

2074  58 

2000  56 
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CASE  DESCRIPTIONS:  NOTES:  

CASE  1  SUMMER  LOWER  PLANT  DISCHARGE  PRESSURE  TO  HELP  OFFLOAD  COMPRESSORS.  1)  SEE  DRAWING  D5900 001 P,  SHEETS  1 4  FOR  DETAILED  MATERIAL  BALANCE  AND  COMPOSITIONS.  

CASE  1  WINTER  HIGHER  PLANT  DISCHARGE  PRESSURE  WITH  TIOGA  PUMP  THROTTLED.  2)  CUSTOMER  FLOWS  SHOWN  ARE  FOR  A  "TYPICAL"  DAY.  CONTRACTUAL  OBLIGATIONS  MAY  DICTATE  A  DIFFERENT  SPLIT.  

CASE  1A  SUMMER  MAXIMUM  CO2  EXPORT  WITH  TIOGA  PUMP  DOWN.  3)  GOODWATER  STATION  DP  IS  DICTATED  BY  PIPING  CONFIGURATION.  

CASE  1A  WINTER  MAXIMUM  CO2  EXPORT  WITH  TIOGA  PUMP  DOWN.  4)  MIDALE  STATION  DP  IS  DICTATED  BY  FLOW  CONTROL  VALVE  POSITION.  

CASE  2  SUMMER  MAXIMUM  CO2  EXPORT  AT  1/2  PLANT  RATES.  

CASE  2  WINTER  MAXIMUM  CO2  EXPORT  AT  1/2  PLANT  RATES.  

CASE  3  SUMMER  MAXIMUM  CO2  DELIVERY  TO  CANADA  WITH  3  COMPRESSORS  AND  TIOGA  PUMP  RUNNING.  

CASE  3  WINTER  MAXIMUM  CO2  DELIVERY  TO  CANADA  WITH  3  COMPRESSORS  AND  TIOGA  PUMP  RUNNING  

CASE  4  SUMMER  THEORETICAL  CASE  WITH  175  MMSCFD  PLANT  RATE,  4  COMPRESSORS  AND  A  TIOGA  PUMP  UPGRADE.  

CASE  4  WINTER  THEORETICAL  CASE  WITH  175  MMSCFD  PLANT  RATE,  4  COMPRESSORS  AND  A  TIOGA  PUMP  UPGRADE.  
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This section summarizes the techniques used to estimate the consequence severity of a 
credible scenario. The following criteria were used to predict consequences of interest: 

1. Each cause will have consequences developed globally without regard to node 
boundaries. 

2. Consequences are only fully developed into scenarios where the cause results in 
a safe operating limit potentially being exceeded.  A cause that results in no significant 
consequence would be documented as “Scenario considered, but no consequence of 
interest identified”. 

3. Consequence developed shall assume that all active safeguards fail.  Passive 
safeguards may be assumed to still function at the discretion of the team. 

4. Scenario consequence should be developed to the immediate consequence of 
interest (no escalation of event). Team should base severity on the most severe 
plausible outcome. 

In order to estimate the possible impact area for a release occurring at the Tioga facility, an 
impact analysis completed by Quest Consultants Inc. was used. Additionally, operating 
experience was also used. DGC’s pipeline risk matrix has varying levels of severity that are 
based on the magnitude of a release and the number of pipeline receptors that may be 
impacted. The Quest report, the pipeline receptor map, and the receptor population surveys 
form the basis for the team to estimate how many receptors may be impacted if a catastrophic 
release scenario was evaluated. If smaller release scenarios were evaluated, such as flange 
leaks or a pump seal failure, the impact area was based on operating experience. 
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RELEASE AND DISPERSION CALCULATIONS 

FOR THE DAKOTA GASIFICATION COMPANY 

CARBON DIOXIDE PIPELINE 

NEAR TIOGA, NORTH DAKOTA 

1.0 INTRODUCTION 

Quest Consultants Inc. was retained by Dakota Gasification Company (DGC) to perform a series of release 

and dispersion calculations in an effort to quantify the hazards associated with an accidental release from a 

pipeline located just east of the town of Tioga, North Dakota transporting carbon dioxide (CO2) and trace 

amounts of other materials. This material is classified as a highly volatile liquid (HVL) by the U.S. 

Department of Transportation (DOT), which regulates the pipelines transporting these materials.  Releases 

of HVLs are modeled to estimate the potential worst-case consequences in the event of a pipeline rupture 

in or near a high-consequence area (HCA). If affected by a pipeline release, all or part of the city of Tioga 

would be considered a HCA. 

The consequence analysis calculations were performed under worst-case operating and atmospheric 

conditions in order to provide a credible upper limit when defining the potential impact area. A release 

location was selected just east of Tioga, where the pipeline route crosses a shallow valley. Releases from 

the pipeline in the shallow valley entering Tioga from the east were modeled using a computational fluid 

dynamic (CFD) model. This type of model accounts for the lack of expansion and mixing along the sides 

of the plume as it travels in the valley.  

The size of the calculated hazard zones as they approach Tioga, will be used to complete Phase 1 of the 

consequence analysis potion of a protocol developed to satisfy the Pipeline Integrity Management Program 

for HVL pipelines.  A description of this protocol is presented in Appendix A. 

1.1 Meteorological Conditions 

Meteorological data for wind speed, wind direction, and Pasquill-Gifford atmospheric stability class used 

in this study were gathered from the Tioga Municipal Airport for the years 2013 through 2017 

[NCEI, 2017]. A summary of the meteorological data used in this study is presented as wind roses in 

Figure 1-1. Figure 1-1 presents the annual wind rose data for the areas near Tioga, ND. The length and 

width of a particular arm of the rose define the frequency and speed at which the wind blows from the 

direction the arm is pointing. As an example, reviewing Figure 1-1 shows that the most common winds 

blow from the west and northwest quadrant. 
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Figure 1-1 

Windrose for Tioga, ND 
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Figure 2-1 

Mass Release Rate Decay for Rupture at 

End of Section 8 as Pipeline Enters Tioga Pump Station 

2.2 Potential Hazards 

This analysis involved the evaluation of several potential impacts following an HVL release. Each potential 

release may result in one or more of the following hazards: 

 Exposure to low temperatures due to the expansion of the CO2 fluid as it reaches equilibrium. 

 Exposure to high concentrations of CO2 such that asphyxiation occurs. 

 Exposure to the immediately dangerous to life and health (IDLH) of 40,000 ppm CO2. 

 Exposure to hydrogen sulfide (H2S) such that fatality occurs within 30 minutes of exposure. 

 Exposure to H2S that defines the “onset of fatality” after 30 minutes of exposure 

(lower concentrations of H2S and/or shorter exposure times do not result in fatality). 

 Exposure to IDLH for H2S of 100 ppm. 

The transported fluid does not present a flammable hazard. 
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2.3 Pipeline Release Scenarios 

When a pressurized fluid is released from a buried pipeline, a significant amount of energy is transferred to 
the overburden. In some cases, the momentum of the escaping fluid is sufficient to move the overburden 
away from the release point and create a crater. If the momentum of the release is not great enough to move 
the overburden (due to insufficient pressure in the pipeline or small release hole size or both), the released 
material spreads through the overburden and is released into the atmosphere by diffusion through the soil. 

An evaluation of historical data for releases from liquefied gas lines was conducted in order to better 
understand the mechanisms by which liquefied gases could be released to the atmosphere. This evaluation 
found several instances of liquefied gas releases, but no consistent reporting of crater formation, crater size, 
or release behavior as a function of pipeline size or operating pressure. Due to the lack of reliable historical 
data, several assumptions were made regarding the behavior of releases from this pipeline.  

All ruptures from the pipeline were assumed to remove the overburden. The crater formed following a 

rupture of the buried pipeline was assumed to be approximately 12 feet in diameter. This size formed the 

basis for the release of CO2 evolving from the crater following a rupture.  

May 1, 2018 QUEST 
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Figure 3-2 

Carbon Dioxide/Air Cloud Temperature as a Function of Air Concentration 

In order to determine the potential hazards associated with exposure to cold CO2/air temperatures, a 

relationship between air temperature, exposure time, and wind speed (air movement) must be used.  Work 

completed by Tikuisis and Frim [1994] developed a correlation between these three parameters for people. 

A summary of part of this work is presented in Figure 3-3. The basis of the work was to define the survival 

time associated with exposure to cold temperatures. In this sense, the work is focused on long term exposure 

(e.g., exposure times on the order of hours) while the accidental release modeling that is the subject of this 

study focused on exposure times less than one hour. Thus, using the survival time approach (hours of 

exposure) will produce a conservative result since persons near the pipeline would not be expected to remain 

stationary in the cold cloud more than a few minutes.  

A review of Figure 3-3 finds that if a person is exposed to 10 to 20 km/h winds with an air temperature 

of -20°C, they would be expected to survive for more than eight hours. Since the CO2 concentration 

associated with a temperature of -20°C is greater than 30 mol % CO2 (i.e., less than 70 mol % air in 

Figure 3-2), the low temperature hazards associated with an accidental release from the pipeline will always 

be smaller than the asphyxiant hazard associated with 30 mol % CO2. Another way to view the relationship 

between cold CO2/air and CO2 concentration is to note that -20°C is equivalent to a CO2 concentration of 

53 mol %. Thus, in every scenario, the hazard zone associated with low temperature exposure is smaller 

than the hazard zone associated with the equivalent CO2 concentration level necessary to cause fatality by 

asphyxiation. 
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Figure 3-3 

Survival Time as a Function of Air Temperature 

3.3 IDLH 

Immediately dangerous to life or health (IDLH) concentrations are “likely to cause death or immediate or 
delayed permanent adverse health effects or prevent escape from such an environment.” For concentrations 

above the IDLH, self-contained breathing apparatus (SCBA) is required. Below the IDLH, air purifying 

respirators may be used, if appropriate. The IDLH for CO2 is 40,000 ppm (4 mol %) with an exposure time 

of 30 minutes [NIOSH, 1994]. 
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4.0 PHYSIOLOGICAL EFFECTS OF HYDROGEN SULFIDE 

Hydrogen Sulfide (H2S) is a colorless, flammable gas with a strong, irritating odor. H2S has a low threshold 
limit value (TLV) and is detectable by odor at concentrations significantly lower than those necessary to 

cause physical harm or impairment (odor detectable as low as 0.13 ppm). The most serious hazard 

presented by H2S is exposure to a large release from which escape is impossible. Table 4-1 describes 
various physiological effects of H2S. The physiological effects of airborne toxic materials depend on the 

concentration of the toxic vapor in the air being inhaled, and the length of time an individual is exposed to 
this concentration.  

4.1 H2S Probit Relation from Perry and Articola 

A probit equation for H2S has been presented by Perry and Articola [1980].  This probit uses the values of 
-31.42, 3.008, and 1.43 for the constants a, b, and n, respectively. Substituting these values into the general 
probit equation yields the following probit equation for H2S. 

𝑃𝑟 = −31.42 + 3.008 𝑙𝑛(𝐶1.43 ∙ 𝑡) 

Dispersion calculations are often performed assuming a 60-minute exposure to a toxic gas. This is 
particularly true when dealing with air pollution studies since they are typically concerned with long-term 
exposures to low concentration levels. For accidental releases of toxic gases, shorter exposure times are 
warranted since the durations of many accidental releases are less than an hour.  In this study, calculations 
were performed for various exposure times and concentration levels. 

When using a probit equation, the value of the probit (𝑃𝑟) that corresponds to a specific dose factor must 

be compared to a statistical table to determine the expected mortality rate. If the value of the probit is 2.67, 

the expected mortality rate is one percent. Using this probit equation, the H2S concentration that equates 

to a one percent mortality rate is 157 ppm for 60 minutes exposure, 256 ppm for 30 minutes exposure, or 

416 ppm for 15 minutes exposure, etc. Table 4-2 presents the probit values, mortality rates, and H2S 

concentrations for various exposure times, while Figure 4-1 presents the same information in graphical 

form. 

A summary of the hazard endpoints employed in this study are presented in Table 4-3. 
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5.0 MODELING PARAMETERS 

The following parameters were applied to the modeling for the HVL pipeline. 

Product Temperature 60°F (underground in pipeline) 

Product Flowrate 10 to 150 MMSCFD (150 MMSCFD used in modeling) 

Pipeline Diameter 13.25 inches (I.D.) upstream of Tioga 

Air Temperature 80°F 

Relative Humidity 70 % 

Pipeline releases were modeled as a full rupture of the pipeline. Vapor dispersion releases were modeled 

at two wind speeds and atmospheric stability combinations: 4.5 mph and “F” and 11 mph and “D.” 

Atmospheric stability is defined by the Pasquill-Gifford rating scale of A through F. The most unstable 

atmosphere is characterized by Stability Class A. Stability A would correspond to an atmospheric condition 

characterized by strong solar radiation and moderate winds. This combination of radiation and winds 

allows for rapid fluctuations in the air and thus greater mixing of the released gas with time.  Stability D is 

characterized by partial to full cloud cover during both daytime and nighttime. The atmospheric turbulence 

is not as great during D conditions as during A conditions; thus, the gas will not mix as quickly with the 

surrounding atmosphere. Stability D is often considered as representative of “average” conditions. 
Stability F corresponds to the most stable atmospheric conditions. Stability F generally occurs during the 

early morning hours before sunrise (thus, no solar radiation) and under low winds. The combination of low 

winds and lack of solar heating allows for an atmosphere which appears calm or still and thus restricts the 

mixing ability of a released gas. Modeling the releases under 4.5 mph winds and F Stability generally 

results in the longest downwind dispersion distances. 

5.1 Hazards Calculations 

Each hazard calculation was performed until the defined concentration endpoints were reached. 

When performing site-specific consequence analysis studies, the ability to accurately model the release, 

dilution, and dispersion of gases and aerosols is important if an accurate assessment of potential exposure 

is to be attained. For this reason, Quest uses a modeling package, CANARY by Quest, that contains a set 

of complex models that calculate release conditions, initial dilution of the vapor (dependent upon the release 

characteristics), and the subsequent dispersion of the vapor introduced into the atmosphere. The models 

contain algorithms that account for thermodynamics, mixture behavior, transient release rates, gas cloud 

density relative to air, initial velocity of the released gas, and heat transfer effects from the surrounding 

atmosphere and the substrate. The release and dispersion models contained in the QuestFOCUS package 

(the predecessor to CANARY by Quest) were reviewed in a United States Environmental Protection Agency 

(EPA) sponsored study [TRC, 1991] and an American Petroleum Institute (API) study [Hanna, Strimaitis, 

and Chang, 1991]. In both studies, the QuestFOCUS software was evaluated on technical merit 

(appropriateness of models for specific applications) and on model predictions for specific releases. One 

conclusion drawn by both studies was that the dispersion software tended to overpredict the extent of the 

gas cloud travel, thus resulting in too large a cloud when compared to the test data (i.e., a conservative 

approach). 

A study prepared for the Minerals Management Service [Chang, et al., 1998] reviewed models for use in 

modeling routine and accidental releases of flammable and toxic gases. CANARY by Quest received the 

highest possible ranking in the science and credibility areas. In addition, the report recommends CANARY 
by Quest for use when evaluating toxic and flammable gas releases. Specific models contained in the 

CANARY by Quest software package have also been extensively reviewed. 
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Model descriptions for CANARY and validation are presented in Appendix B. 

5.2 Vapor Cloud Dispersion 

A full rupture of the pipeline was modeled to determine the maximum distances to the CO2 and H2S 

concentrations of interest as the cloud traveled in the shallow valley toward Tioga.   

5.3 Computational Fluid Dynamics Using FDS 

The results of the CO2 transient release analysis are one of the primary inputs to the computational fluid 

dynamic model employed for this work. Quest uses the Fire Dynamics Simulator (Version 6.0, FDS6) 

model for this type of application. The FDS model is described in the FDS User’s Guide [McGrattan, 2014] 

as follows. 

Fire Dynamics Simulator (FDS), is a computational fluid dynamics (CFD) model of fire-

driven fluid flow. FDS solves numerically a form of the Navier-Stokes equations 

appropriate for low-speed, thermally-driven flow with an emphasis on smoke and heat 

transport from fires. 

FDS solves numerically a form of the Navier-Stokes equations appropriate for low-speed, 

thermally-driven flow with an emphasis on smoke and heat transport from fires.  The core 

algorithm is an explicit predictor-corrector scheme, second order accurate in space and 

time. Turbulence is treated by means of Large Eddy Simulation (LES). It is possible to 

perform a Direct Numerical Simulation (DNS) if the underlying numerical mesh is fine 

enough.  LES is the default mode of operation. 

The FDS model was employed when the pipeline rupture occurred just before the Tioga station where the 

terrain effects of the shallow valley could affect the dispersion behavior of the CO2 cloud. Releases in this 

shallow valley leading toward Tioga were modeled with FDS with the wind blowing toward Tioga from 

the point of pipeline rupture (east to west). This valley is defined by the dimensions as well as how it 

meanders before reaching Tioga.   

The meandering nature of the valley can be seen in Figure 5-1. Figure 5-1 presents the depiction of the 

valley leading to Tioga. The top of the valley ranges from 55 to 95 feet above the valley floor. 

In Figure 5-1, the darker the green, the lower the elevation. The valley slopes slightly downward from east 

to west.  Figure 5-2 presents the same shallow valley near Tioga using an aerial picture. 
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6.0 SUMMARY 

The purpose of this analysis was to define the maximum extent of potential hazards following a rupture of 

a 14-inch pipeline entering the Tioga station when the winds were blowing toward Tioga. The subject 

pipeline is transporting a mixture containing primarily carbon dioxide. It was conducted in support of 

Phase 1 of a protocol developed to satisfy the consequence analysis portion of a pipeline integrity 

management program. Vapor dispersion of CO2 and H2S, following a full-bore rupture of the pipeline, 

were modeled to a concentration endpoint equal to the IDLH for each material. All releases were modeled 

under worst-case conditions, identified as low winds (4.5 mph) and stable atmosphere (Stability Class F) 

as well as more “average” conditions of moderate winds (11 mph) and neutral atmosphere 

(Stability Class D). 

For releases in the shallow valleys leading to Tioga, the maximum extents of H2S IDLH (6,430 feet for a 

one-minute exposure and 5,430 feet for a five-minute exposure) and CO2 IDLH (1,250 feet for a one-minute 

exposure and 850 for a five-minute exposure) are greater than on the flat land sections. This is due to the 

inability of the vapor cloud to freely entrain air on its sides (less mixing with the atmosphere). 

When these dispersion results are used to identify any high consequence areas along the pipeline route, the 

population distribution along the pipeline route must be taken into consideration. Single dwellings along 

the pipeline route do not constitute a high consequence area according to 49 CFR 195 [DOT, 2000]. In the 

same manner, in order for portions of shallow valley leading to Tioga to be considered a high consequence 

area, multiple dwellings must be located in the valley or be reached by the dispersing cloud within the 

dispersion distances defined. If the area (the shallow valley east of Tioga) is not populated by multiple 

dwellings, it is not classified as a high consequence area. Visual representations of the maximum cloud 

travel are presented in Figures 6-1 through 6-4. 

A review of Figures 6-2 and 6-4 show that the five minute exposure dispersion distances to the carbon 

dioxide and hydrogen sulfide concentrations do not reach any dwellings.  Thus, an accidental release from 

the carbon dioxide pipeline approaching the Tioga station does not reach the town of Tioga above the 

concentration levels defined. 
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APPENDIX A 

PROTOCOL FOR COMPLYING WITH THE 

CONSEQUENCE ANALYSIS REQUIREMENT 

WITHIN DOT’S INTEGRITY MANAGEMENT PROGRAM 
FOR HAZARDOUS LIQUID PIPELINES 

The following is a brief description of Quest’s protocol for complying with the consequence analysis 
portion of DOT’s Integrity Management Program (IMP) for hazardous liquid pipelines (44 CFR 195.452). 

The protocol is divided into three phases, although it will not be necessary to conduct all three phases for 

each pipeline. At the completion of each phase, the analysis can be stopped if the results of the analysis up 

to that point indicate that High Consequence Areas (HCAs) along the pipeline route cannot be affected by 

a release from the pipeline.  This option is clearly illustrated by the use of STOP signs in Figure A-1. 

Phase 1 - Worst-Case Consequence Analysis Using Conservative Assumptions 

Using our state-of-the-art consequence modeling software, CANARY by Quest®, define the hazard 

footprints for worst-case releases (e.g., full-bore ruptures) along the pipeline route. The hazards of interest 

are: 

For people 

Exposure to a toxic gas cloud 

Exposure to a flammable gas cloud 

Exposure to explosion overpressure 

Exposure to radiant heat from torch or pool fire 

For waterways and the environmentally sensitive areas 

Ingress of hazardous pipeline fluids into commercial waterways 

Ingress of hazardous pipeline fluids into environmentally sensitive areas 

Conservative assumptions are used in the analysis in order to define the maximum hazard footprint 

associated with each pipeline. 

Determine if one or more of the hazard zones could reach an HCA along the pipeline route—at a hazard 

level capable of severely impacting the public or the environment. 

A. No - Document results for the pipeline.  Analysis complete. 

B. Yes - Proceed to Phase 2. 

Phase 2 - Incorporation of Site-Specific Factors into Consequence Modeling 

For those sections of a pipeline that affect one or more HCAs, determine if any site-specific factors can be 

incorporated into a refined consequence analysis. Examples of site-specific factors could include local 

terrain, local weather patterns. 
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Figure A-1 

HCA Evaluation Flowchart 
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Re-run the consequence analysis incorporating the site-specific factors. Using the same hazard impact 

criteria, determine whether the pipeline sections affect HCAs along the route. 

A. No - Document results for the pipeline.  Analysis complete. 

B. Yes - Proceed to Phase 3. 

Phase 3 - Review of Potential Mitigation Options 

At this point in the analysis, one or more sections of the pipeline have been identified as being able to 

impact an HCA at a hazard level that could severely affect the public and/or the environment. A review of 

potential mitigation measures may be warranted, depending on the site-specific nature of each HCA impact. 

Incorporate mitigation measures into the consequence analysis to determine the effect of active mitigation 

on the extent of potential hazard footprints. Using the same hazard impact criteria, determine whether the 

pipeline sections affect HCAs along the route. 

A. No - Document results for the pipeline with active mitigation.  Analysis complete. 

B. Yes - Document results for the pipeline and potential impacts on HCA. 
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APPENDIX B 

CONSEQUENCE MODEL DESCRIPTIONS 

The consequence models used in this study include those found in the CANARY by Quest® modeling 

package, as well as the QMEFS vapor cloud explosion model. CANARY uses fluid properties and fluid 

release sub-models to supply information for vapor dispersion, vapor cloud explosion, and fire radiation 

models. The consequence models provide a simulation of potential hazardous material release scenarios 

so that the inherent hazards can be quantified. The following models are used: 

 Engineering Properties 

 Fluid Release Model 

 Pool Spreading and Vaporization Model 

 Momentum Jet Dispersion Model 

 Heavy Gas Dispersion Model 

 Pool Fire Radiation Model 

 Torch Fire and Flare Radiation Model 

 Fireball Model 

 QMEFS Vapor Cloud Explosion Model 

A brief description of the capabilities, requirements, and correlations used within each model is presented 

below. A more detailed description of the models is available upon request. 

ENGINEERING PROPERTIES 

The purpose of this model is to provide an accurate means of computing physical and thermodynamic 

properties of a wide range of chemical mixtures using a minimum of initial information. The Peng-

Robinson cubic equation of state (EOS) is combined with van der Waals quadratic mixing rules and pure 

component data (e.g., normal boiling point) for the computation of thermodynamic properties. 

The model is implemented using a properties database of approximately 250 single components which 

can be applied to mixtures of up to 10 components. The user supplies composition, temperature, and 

pressure, and the model provides thermodynamic properties (such as density, enthalpy, entropy, etc.) for 

liquid, vapor, and two-phase systems. These properties are used as inputs to the release and hazard 

models. 

FLUID RELEASE MODEL 

The purpose of the fluid release model is to predict the rate of mass release from a breach of containment. 

Specifically, the model predicts the rate of flow and the physical state (liquid, two-phase, or gas) of the 

release of a fluid stream as it enters the atmosphere from a breach in a pipe or vessel wall. The model 

also computes the amount of gas, or liquid or aerosol produced and the rate at which liquid reaches the 

ground. 
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The fluid release model takes into account the composition, temperature and pressure of the fluid before 

the release and identifies flow regime within the closed system before and during the release event. User-

defined parameters such as normal flow rate of fluid, pipe and vessel sizes, area of the orifice, angle of 

release relative to horizontal, and release elevation provide a physical description of the system from 

which the release occurs. The model tracks the pressure profile in the system, computing the flow 

conditions stepwise in time until the mass is depleted or an end time is reached, while accounting for the 

system inventory and head pressure available. The system flow can be all vapor, all liquid, or two-phase, 

with checks made to determine if the fluid flow is realistic (e.g., velocity has not exceeded the sonic 

velocity). An orifice equation is used to calculate the time-varying velocity and mass flow rate from the 

breach during the release event. 

The prediction of aerosol formation and amount of liquid rainout is based on the theoretical work 

performed for the Center for Chemical Process Safety (CCPS) by CREARE. CREARE’s work has been 
corrected and extended by Quest. The extension to the model computes the non-aerosol drop 

evaporation. An example validation plot for this portion of the model is given in Figure B-1, for chlorine 

(Cl2), methylamine (MMA), CFC-11, and cyclohexane aerosol test data compared to values computed by 

the CANARY aerosol model. 

Figure B-1 

Aerosol Predictions Compared to Experimental Data 

Figure B-2 compares the computed and experimental gas discharge rates for the complete breach of two 

pipelines. Experiments included pipeline with two different internal diameters 6.2 inches (0.157 m), and 

12 inches (0.305 m) respectively. These pipes were initially pressurized to 1,000 psia with air and then 

explosively ruptured. The experimental values were reported in a research paper for Alberta 

Environment, authored by Wilson [Wilson, 1981]. 
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Figure B-2 

Mass Release Rate Predictions Compared to Experimental Data 

POOL SPREADING AND VAPORIZATION MODEL 

The purpose of this model is to describe the spreading and mass vaporization rate of spilled liquids. For 
spills of refrigerated liquids on water, the model accounts for the presence of a potential obstacle that the 
liquid must overcome the local wave action. 

The pool spreading and vaporization model uses information about impoundment systems provided by 
the user (and can also model the unconfined case) as well as liquid flow rate information from the release 
model. Coupled with the material’s thermodynamic properties, the time-varying pool size and 
vaporization rate are predicted.  The output from this model is used for input as a source term in the heavy 
gas dispersion model. 

For refrigerated liquid spills on water, the liquid will spread radially and unconfined from the release 
point until the liquid reaches some minimum thickness that diminishes the liquid’s ability to spread due to 
hydrodynamic head. The speed at which the liquid pool spreads is a function of the spill rate, liquid 
vaporization rate, physical properties of the liquid, radius of the liquid pool, and the nature of the spill 
surface. For this model the viscosity and surface tension effect are considered to have negligible effects 
on the rate of spread. This later simplification allows the rate of liquid spreading to be found at any 
instant in time, by use of a simple hydrodynamic model in which the rate of spread becomes a function of 
spill, vaporization rate, and pool radius. Finally the numerical solution of the differential equations 
permits the computation of the pool size, height of the liquid pool, and the transient evaporated mass rate. 

May 1, 2018 QUEST 



            

   

 

     

 

 

              

  

 

      

     

         

     

      

     

  

 

         

     

        

      

 

 

 
 

  

  

 

 

 

 

           

    

        

   

Release and Dispersion Calculations for the Dakota Gasification Company Carbon Dioxide Pipeline Near Tioga, ND 

7097-CAS01-RevF0 Page B-4 

MOMENTUM JET DISPERSION MODEL 

The purpose of this model is to predict the dispersion of a jet release into ambient air. It is used to predict 

the downwind travel of a momentum-based jet of flammable or toxic gas or aerosol. 

The momentum jet dispersion model incorporates the composition and properties (temperature, pressure, 

composition, density, etc.) of the released materials, the mass rate of release, and some geometric 

parameters such as angle of release relative to horizontal, height of release, and area of release. 

Environmental and atmospheric conditions such as wind speed, Pasquill-Gifford stability class, ambient 

air temperature, and surface roughness are taken into account. Velocity, concentration, and density 

profiles are assumed to be cylindrically symmetric about the plume axis and Gaussian in shape. 

Entrainment along the jet is calculated while applying equations for conservation of mass and momentum. 

The momentum jet dispersion model used in CANARY was validated by comparing results obtained from 

the model with experimental data from field-scale tests. Data used for this comparison and the conditions 

used in the model were taken from an American Petroleum Institute (API) study [Hanna, 1991]. 

Comparisons were made with the Desert Tortoise, Goldfish, and Prairie Grass series of dispersion tests. 

Results of these comparisons are shown in Figure B-3. 

Figure B-3 

Momentum Jet Dispersion Predictions Compared to Experimental Data 

HEAVY GAS DISPERSION MODEL 

The purpose of this model is to predict the dispersion and gravity flow of heavier-than-air gases evolving 

from liquid pools.  The model is also employed when an initially momentum-dominated release involving 

heavier-than-air gases loses its momentum, and impacts grade. The model is used to predict the 

downwind travel of a flammable or toxic vapor cloud. 
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The heavy gas dispersion model incorporates the properties of the source vapor, as well as its mass rate 

and the size of the source area. Environmental and atmospheric conditions such as wind speed, Pasquill-

Gifford stability class, ambient air temperature, and surface roughness are taken into account. 

Concentration and density profiles are applied about the plume axis. Entrainment along the dispersing 

cloud is calculated while applying equations for conservation of mass and momentum. 

The heavy gas dispersion model used in CANARY was validated by comparing results obtained from the 

model with experimental data from field-scale tests. Data used for this comparison and the conditions 

used in the model were taken from the Burro, Coyote, and Maplin Sands series of dispersion tests. 

Results of these comparisons are shown in Figure B-4. 

Figure B-4 

Heavy Gas Dispersion Predictions Compared to Experimental Data 

POOL FIRE RADIATION MODEL 

The purpose of this model is to predict the impact of fire radiation emitted by flames fueled by vapors 

emanating from liquid pools. Specifically, the model predicts the maximum radiant heat flux incident 

upon a target as a function of distance between the target and the flame. Thermal radiation hazard zones 

can be then determined for any radiant end points of interest. 

The pool fire model incorporates the composition and temperature of the liquid pool, atmospheric 

conditions such as wind speed, air temperature, and relative humidity. Variables such as elevation of the 

target, elevation of the pool, and dimensions of the free surface of the pool (rectangular or circular) are 

accounted for. The dimensions and tilt of the flame (due to wind) are determined using correlations based 

on thermodynamic properties of the pool and air as well as the size of the pool. A pool fire is divided into 

two zones: a clear zone in which the flame is not obscured by smoke, and a smoky zone in which a 

fraction of the flame surface is obscured by smoke. The Surface Emissive Power (SEP) for the clear zone 
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can be determined by material properties, while the average SEP of the smoky zone is an area-weighted 

average of the surface fluxes for smoke and the clean-burning areas within the smoky zone. The model 

defines the flame geometry as a tilted elliptical cylinder over the pool.  The surface of the flame is divided 

into numerous differential areas and the total radiant heat flux to a target is calculated using the SEP, view 

factors, and atmospheric transmittance. 

One of the most notable test series was the Montoir large liquefied natural gas (LNG) pool fires, which 

involved pools up to 35 meters in diameter [Nédelka, 1989]. Figure B-5 compares the radiation isopleths 

predicted by CANARY with the actual measurements taken in Test 2 of the Montoir series. 

Figure B-5 

CANARY Pool Fire Radiation Comparison to Montoir Test #2 

TORCH FIRE AND FLARE RADIATION MODEL 

The purpose of this model is to predict the extent of fire radiation emitted by burning jets of vapor (jet 

fire, torch fire, flare fire). Specifically, the model predicts the maximum radiant heat flux incident upon a 

target as a function of distance between the target and the point of release. 

The torch fire and flare radiation model incorporates the composition of the release material, the 

temperature and pressure of the material before release, the diameter of the release orifice, and the mass 

flow rate of the release. Environmental factors of wind speed, air temperature and relative humidity are 

accounted for, as well as geometric factors such as elevation of the target, elevation of the release point, 

and the angle of release. 

Correlations for the length of the flame and flame path are applied to the user-defined parameters. These 

correlations account for the effects of composition of the released material, diameter of the exit hole, 

release rate, release velocity, wind speed, and plume buoyancy. The geometric shape of the flame is 

defined as a frustum of a cone with a hemisphere at the large end of the frustum. The surface of the flame 

is divided into numerous differential areas and the total radiant heat flux to a target is calculated using the 

surface emissive power, view factors, and atmospheric transmittance. 
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Comparisons of experimental data and CANARY model predictions for incident heat flux was done for 

available data sources.  One source of such test data is a report by Chamberlain [1987] concerning test ran 

by Shell. It contains data from seven flare tests involving natural gas releases from industrial-sized flares. 

Variables that were examined during these tests include release diameter (0.203 and 1.07 m), release rate, 

exit velocity, and wind speed. Figure B-6 compares the predicted values of incident heat flux with 

experimental data from the seven flare tests. 

Figure B-6 

CANARY Torch/Flare Fire Radiation Comparison to Shell Tests 

FIREBALL MODEL 

The purpose of the fireball model is to predict the impact of thermal radiation emitted by fireballs that 

result from catastrophic failures of pressure vessels containing superheated liquids. This event is called a 

Boiling Liquid Expanding Vapor (BLEVE). Specifically, the model predicts the average radiant heat flux 

incident upon a grade-level target as a function of the horizontal distance between the target and the 

center of the fireball. 

The fireball model incorporates the composition, mass, temperature and pressure of the flammable liquid 

contained in the pressure vessel before release. Air temperature and relative humidity are also 

incorporated to determine the radiant heat flux reaching a target. 

The maximum diameter and the duration of the fireball can be calculated from the mass of fuel using 

empirical correlations. The maximum SEP is computed using the heat of combustion and adjusted for the 

pressure at the point of the release. The model simulates the fireball as a sphere that grows in time, then 

lifts off from grade level, with a decreasing SEP as it moves upwards vertically.  The view factor between 

the fireball and a target is determined analytically. The radiant heat flux at a target location is computed 

using the SEP, view factor, and atmospheric transmittance. Impacts from the fireball are expressed as 

absorbed energy, average incident flux, and integrated dosage over the duration of the fireball. 
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Comparisons of experimental data and model predictions for average incident heat flux, absorbed energy, 

or dosage are needed for model validation. Unfortunately, very few reports on BLEVEs contain the level 

of detail required to make such comparisons, and no such data are available for large-scale experiments. 

One of the most complete sources of test data for medium-scale fireball tests is a report by Johnson, 

Pritchard, and Wickens [Johnson, 1990]. It contains data on five BLEVE tests that involved butane and 

propane, in quantities up to 2,000 kg. Figure B-7 compares the CANARY predicted values of absorbed 

energy with experimental data from those five BLEVE tests. 

Figure B-7 

CANARY Absorbed Energy Comparison to Johnson, Pritchard, and Wickens [1990] 

QMEFS VAPOR CLOUD EXPLOSION MODEL 

The purpose of this model is to predict the overpressure field that would be produced by the explosion of 

a partially confined and/or obstructed fuel-air cloud. QMEFS [Marx & Ishii, 2017] is based on 

experimental data involving vapor cloud explosions, and is related to the amount of confinement and/or 

obstruction present in the volume occupied by the vapor cloud. The model is based on the Baker-

Strehlow-Tang (BST) methodology, and predicts the magnitude of the peak side-on overpressure and 

specific impulse as a function of distance from the source of the explosion. 

In this model the combustion energy is estimated with the mass of fuel in the flammable cloud and its 

heat of combustion. A stoichiometric mixture of air and fuel is assumed. The fuel properties, volume 

blockage ratio, obstacle density, confining planes, run-up distance, and volume are provided by the user 

and used by the model to calculate a flame speed. The peak side-on overpressure and specific impulse at 

any scaled distance are determined from the calculated flame speed and the BST model blast curves 

[Baker, 1999]. 

May 1, 2018 QUEST 



            

   

 

     

 

 

         

 

 

  

  

 

   

   

          

    

 

 

  

 

 

      

        

  

 

        

     

 

 

   

  

 

Release and Dispersion Calculations for the Dakota Gasification Company Carbon Dioxide Pipeline Near Tioga, ND 

7097-CAS01-RevF0 Page B-9 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 4/19/18 

Receptor number (if already assigned; if not, leave blank): 4.42 

Map number (if applicable): 11 of 14 

County: Williams Section: 36 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 116 

Approximate distance from pipeline (1/10 mile): 0.5 

Direction from pipeline (North, South, East, West): Southwest 

GPS reading (latitude): 48.386389 (longitude): -102.90361 

Name of resident(s): 

Name of business, church, school or public use area: Tioga Airport 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): PO Box 428 

Tioga, ND 58852 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-641-3417 (Steven Jensen - cell) 

• Alternate number (home, work, cell-phone): 507-649-0831 (Chris Nogard) 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: People coming and going during the day; 701-664-2220 (office) 
Steven is airport board member & Chris is chairman of the board. Steven is the primary contact and Chris is 

secondary. 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.43 

Map number (if applicable): 11 of 14 

County: Williams Section: NE 26 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 117.2 

Approximate distance from pipeline (1/10 mile): 0.7 

Direction from pipeline (North, South, East, West): West 

GPS reading (latitude): 48.401944 (longitude): -102.91778 

Name of resident(s): 

Name of business, church, school or public use area: Hess Bakken Investments II 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 3015 - 16th Street SW Suite 20 (land office) 

Minot, ND 58701 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: 84 employees Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Occupants are for the plant and north gathering; 1-800-406-1697 (emergency) 
10384 - 68th Street NW, Tioga, ND 58852 (plant) 

Contact person:  Chad Zubke  701-648-9829 (cell);  czubke@hess.com 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/3/18 

Receptor number (if already assigned; if not, leave blank): 4.44 

Map number (if applicable): 11 of 14 

County: Williams Section: 26 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 117.2 

Approximate distance from pipeline (1/10 mile): 0.5 

Direction from pipeline (North, South, East, West): West 

GPS reading (latitude): 48.399444 (longitude): -102.91167 

Name of resident(s): 

Name of business, church, school or public use area: Tesoro High Plains Pipeline - Tioga Station 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 2972 - 108S Avenue SW, PO Box 1207 

Dickinson, ND 58601 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-641-1103 (Monica); 701-641-8567 (Andy) 

• Alternate number (home, work, cell-phone): 1-866-283-7676 (24 hours) 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Truck facility - trucks coming and going all day; Dickinson main office 701-225-8973 
Dennis Hartsoch (field specialist Tioga station) 701-641-1881; Andy Huseby (technical specialist Tioga 

station) 701-641-8567; Mike Orluck (field specialist Tioga station) 701-641-1124 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 4/19/18 

Receptor number (if already assigned; if not, leave blank): 4.45 

Map number (if applicable): 11 of 14 

County: Williams Section: SE 23 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 117.3 

Approximate distance from pipeline (1/10 mile): 0.6 

Direction from pipeline (North, South, East, West): West 

GPS reading (latitude): 48.401389 (longitude): -102.91333 

Name of resident(s): 

Name of business, church, school or public use area: Montana-Dakota Utilities - Substation 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 121 - 8th Avenue West 

Williston, ND 58802-1406 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-572-1600; 701-546-7101 (McGregor) 

• Alternate number (home, work, cell-phone): 1-800-638-3278 (after hours) 

Number of occupants: varies Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: 101 North Main Street, Tioga, ND 58852 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/3/18 

Receptor number (if already assigned; if not, leave blank): 4.48 

Map number (if applicable): 11 of 14 

County: Williams Section: 24 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 118 

Approximate distance from pipeline (1/10 mile): 0.3 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.409167 (longitude): -102.88972 

Name of resident(s): Kathy Neset 

Name of business, church, school or public use area: 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 6853 - 102nd Avenue NW 

Tioga, ND 58852 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-664-3563 (home) 

• Alternate number (home, work, cell-phone): 701-641-0004 (cell) 

Number of occupants: 1 Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): None 

Access instructions (best routes, etc.): Driveway access 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): None 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: 12 month dwelling; owner of Neset Consulting; Email: kathleenneset@nesetconsulting.com 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 4/19/18 

Receptor number (if already assigned; if not, leave blank): 4.421 

Map number (if applicable): 11 

County: Williams Section: 36 

Township: 157 Range: 95 

Approximate distance along pipeline from DGC (1/10 mile): 117.3 

Approximate distance from pipeline (1/10 mile): 0.4 

Direction from pipeline (North, South, East, West): Southwest 

GPS reading (latitude): 48.386731 (longitude): -102.900780 

Name of resident(s): (vacant) Used for airplane hangers 

Name of business, church, school or public use area: Energyview, LLC 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 10280 67th St NW 

Tioga, ND 58852 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-664-1492 

• Alternate number (home, work, cell-phone): Kathy Neset 701-664-3563 or 701-641-0004 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 67th St NW, just east of Tioga Airport 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Also lot 19, 10270 67th St NW, Tioga (Knutson) 
4 large white sheds/shops used for airplane hangars. Neset has 3 shops, Knutson has 1 shop 

Mailing address is 6844 Highway 40, Tioga, ND 58852       Kathleen neset@nesetconsulting.com 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.441 

Map number (if applicable): 11 of 14 

County: Williams Section: SWNE 26 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 117.7 

Approximate distance from pipeline (1/10 mile): 0.6 

Direction from pipeline (North, South, East, West): West 

GPS reading (latitude): 48.396802 (longitude): -102.915047 

Name of resident(s): 

Name of business, church, school or public use area: Hess Bakken Investments II or Hess Tioga Gas Plant, 
LLC 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 3015 - 16th Street SW Suite 20 (land office) 

Minot, ND 58701 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 1-800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Well name - Plant Disposal 1; Field name - Tioga; #1078; active 
1-800-406-1697 (emergency);  10384 - 68th Street NW, Tioga, ND 58852 (plant) 

Contact person:  Chad Zubke  701-648-9829 (cell);  czubke@hess.com 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.442 

Map number (if applicable): 11 of 14 

County: Williams Section: 26 

Township: 157 Range: 95 

Approximate distance along pipeline from DGC (1/10 mile): 117.8 

Approximate distance from pipeline (1/10 mile): 0.7 

Direction from pipeline (North, South, East, West): West 

GPS reading (latitude): 48.397857 (longitude): -102.915554 

Name of resident(s): 

Name of business, church, school or public use area: Hess Corporation 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 10384 - 68th Street NW 

Tioga, ND 58852 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 1-800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Control room manned 24/7 (best contact); survey covers Hess gas plant expansion; 
GPS taken from street address;  3015 - 16th Street SW Suite 20, Minot, ND 58701 (land office) 701-420-6900 

Chad Zubke 701-648-9829(cell) czubke@hess.com  701-664-6277 (Tioga Office) 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.481 

Map number (if applicable): 11 of 14 

County: Williams Section: NWNE 25 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 117.9 

Approximate distance from pipeline (1/10 mile): 0.3 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.400528 (longitude): -102.894941 

Name of resident(s): 

Name of business, church, school or public use area: Hess Bakken Investments II 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 3015 - 16th Street SW Suite 20 (land office) 

Minot, ND 58701 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 1-800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: TI-Larson-157-95-2536H-1; #16709; active; 1-800-406-1697 (emergency) 
10384 - 68th Street NW, Tioga, ND 58852 (plant) 

Contact person:  Chad Zubke  701-648-9829 (cell);  czubke@hess.com 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 4/23/18 

Receptor number (if already assigned; if not, leave blank): 4.482 

Map number (if applicable): 11 of 14 

County: Williams Section: 24 

Township: 157N Range: 95W 

Approximate distance along pipeline from DGC (1/10 mile): 118 

Approximate distance from pipeline (1/10 mile): 0.3 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.401683 (longitude): -102.89515 

Name of resident(s): Arlene Stone (trustee) and Robert Stone (manager) 

Name of business, church, school or public use area: 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): Box 488 

Eaton, CO 80615 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 303-483-8003 (Arlene - cell) 

• Alternate number (home, work, cell-phone): 303-483-8002 (Robert - cell) 

Number of occupants: 2 Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): Basement 

Access instructions (best routes, etc.): County 10 - 10249 - 68th Street NW 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): None 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Arlene lives in Colorado but comes back in the summer; owned by 
Betty Neset Family Trust; both managers occupy this property about 6 months (May-Oct); Arlene & Robert 

also have gated farmstead to the east on 68th and 102nd (north side); GPS 48.2418/-102.53143 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 4/19/18 

Receptor number (if already assigned; if not, leave blank): 4.483 

Map number (if applicable): 11 of 14 

County: Mountrail Section: 30 

Township: 157N Range: 94W 

Approximate distance along pipeline from DGC (1/10 mile): 118 

Approximate distance from pipeline (1/10 mile): 0.8 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.40082 (longitude): -102.88357 

Name of resident(s): 

Name of business, church, school or public use area: Estvold Oil Field Services 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): PO Box 1191 

New Town, ND 58763 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 701-898-8533 (Mike Borgechatz) best # 

• Alternate number (home, work, cell-phone): 701-627-2777 (office - dispatch) 

Number of occupants: 10+ Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: Arlene Stone is the landowner; Joey Long - Safety Supervisor;  701-897-1809 (Joe - cell) 
3962 - 84th Avenue NW, New Town, ND 58763 
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PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.485 

Map number (if applicable): 11 of 14 

County: Williams Section: NWSE 24 

Township: 157 Range: 95 

Approximate distance along pipeline from DGC (1/10 mile): 118.7 

Approximate distance from pipeline (1/10 mile): 0.3 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.40742693 (longitude): -102.8933906 

Name of resident(s): 

Name of business, church, school or public use area: Hess Bakken Investments II 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 3015 - 16th Street SW Suite 20   (land office) 

Minot, ND 58701 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 1-800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: TI-Arlene Stone 157-95-2419H-2; Field name - Tioga;  #28723 
1-800-406-1697 (emergency);  10384 - 68th Street NW, Tioga, ND 58852 

Contact person:  Chad Zubke 701-648-9829 (cell);  czubke@hess.com 

DGC 0440 | 20160304 Page 1 of 1 



 
  

 

     

  
        

    

     

     

     

     

   

    

    

     

   

      

   

       

   

  

    

     

     

      

   

   

   

     

   

                

      

 

  

 

     

    
      

       
 

PLR-28 POPULATION SURVEY 
INFORMATION 

OFFICIAL PIPELINE DOCUMENT 
SNG CO2 

Date of Survey: 5/5/18 

Receptor number (if already assigned; if not, leave blank): 4.486 

Map number (if applicable): 11 of 14 

County: Williams Section: NWSE 24 

Township: 157 Range: 95 

Approximate distance along pipeline from DGC (1/10 mile): 118.7 

Approximate distance from pipeline (1/10 mile): 0.3 

Direction from pipeline (North, South, East, West): East 

GPS reading (latitude): 48.40742674 (longitude): -102.8935265 

Name of resident(s): 

Name of business, church, school or public use area: Hess Bakken Investments II 

Hours of operation if church, school or public use area (CST/MST): 

Mailing address (including zip code): 3015 - 16th Street SW Suite 20   (land office) 

Minot, ND 58701 

Phone numbers (include area codes and extensions): 

• Primary number (home, work, cell-phone): 1-800-406-1697 

• Alternate number (home, work, cell-phone): 281-536-9170 Ben Badon Cell 

Number of occupants: Number of children: 

Most likely or nearest evacuation center (emergency planning or owner’s experience): 

Access instructions (best routes, etc.): 

Assistance required or special conditions (vehicle/wheelchair needed; physically handicapped): 

Is English your primary language?  Yes No  

If not, what is your primary language?   

Signature of Receptor (DGC agrees that the information contained in this survey form will only be used in 
preparing for and providing emergency response assistance and subject to such utilization, will be maintained on 
a confidential basis.) 

Signature: Date: 

Remarks: TI-Arlene Stone 157-95-2423H-1; Field name - Tioga;  #28724 
1-800-406-1697 (emergency);  10384 - 68th Street NW, Tioga, ND 58852 

Contact person:  Chad Zubke 701-648-9829 (cell);  czubke@hess.com 
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DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: Procedure No.: 

022 

Revision No.: 

0 
Affected Area(s): 

All 

Originating Department: 

Plant Management 
Final Approval: 

/s/  Dale Johnson 

Date: 

10/04/18 
Procedure Description: 

Risk Assessment of Facilities Potentially Affecting High Consequence Areas 

I. PURPOSE 

A. To define the process utilized for performing a risk analysis of facilities that may affect high 
consequence areas (HCAs) along the carbon dioxide (CO2) pipeline. Additionally, to 
evaluate relevant risk factors at facilities, including those factors that may be unique or 
specific to facilities. 

II. SCOPE 

A. This procedure shall be utilized as part of the Integrity Management Plan per the 
Department of Transportation (DOT) 49 CFR 195.452. This procedure provides guidance 
for prioritizing threats posed from facilities that potentially affect HCAs. 

III. REFERENCES 

A. 49 CFR 195 ─ Transportation of Hazardous Liquids by Pipeline 

B. 49 CFR 195.452 – Pipeline Integrity Management in High Consequence Areas 

C. API 1160 ─ Managing System Integrity for Hazardous Liquid Pipelines 

D. DGC Form 1642 - Process Hazard Analysis Recommendation Resolution 

E. DGC Pipeline Safety Risk Matrix 

IV. DEFINITIONS 

A. High consequence area (HCA) − An HCA can be defined as any of the following: 

1. Commercially navigable waterway − A waterway where commercial navigation exists. 

2. High population area − An urbanized area, as defined and delineated by the Census 
Bureau, which contains 50,000 or more people, and has a population density of at 
least 1,000 people per square mile. 

3. Other populated area − A place, as defined and delineated by the Census Bureau, 
which contains a concentrated population, such as an incorporated or unincorporated 
city, town, village, or other designated residential or commercial area. 

a. Office of Pipeline Safety (OPS) identified – Areas the OPS has identified as 
meeting the criteria of an other populated area. 
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Risk Assessment of Facilities Potentially Affecting High Consequence Areas 

B. Unusually sensitive area (USA) − A drinking water or ecological resource area that is 
unusually sensitive to environmental damage from a hazardous liquid pipeline release as 
defined in 49 CFR Part 195.6. 

C. Active safeguard – Safeguards which detect and then respond to process deviations. 
These safeguards directly prevent hazards from occurring, provide notification so that a 
human may respond to a condition, or may mitigate the hazard. 

D. Administrative controls – A procedural requirement for directing and/or checking engineered 
systems or human performance associated with plant operations (i.e., operating 
procedures, lockout/tagout/training, car seal system, and safety procedures). 

E. Basic Process Control System – A control system, generally within the Distributed Control 
System, that safeguards against hazards or maintains a system within a safe operating 
envelope. 

F. Catastrophic release – A major uncontrolled emission, fire, or explosion, involving one or 
more highly hazardous chemicals that presents serious danger to workers, the public, or 
the environment. 

G. Cause – Actions or events that could result, directly or indirectly, in the initiation of an 
undesirable process condition. 

H. Consequence – Direct, undesirable result of a deviation. Typically measured in health and 
safety effects, environmental impacts, loss of property, and business interruption costs. 

I. Credible scenario – A cause/consequence pairing with a reasonable and 
documented/validated probability of occurring (e.g. an overpressure event leading to injury 
to personnel when the pump curve indicates the pump is capable of achieving a pressure 
over design). 

J. Deviation – Departure from the intended operation/function of a process or pre-established 
operating or design limit. 

K. Double jeopardy – Concurrent incidence of multiple, independent, and unrevealed initiating 
events. 

L. Escalation event – An event with cascading failures.  An example would be a catastrophic 
failure of a piece of rotating equipment resulting in the failure of another piece of equipment 
due to a secondary event such as a fire spreading. 

M. Engineering Controls – A hardware or software system designed to maintain a process 
within safe operating or design limits, to safely shut it down during a process upset, or to 
reduce human exposure to the effects of an upset (e.g. pressure relief devices, interlocks, 
and control valve failure positions). 

N. EXP-DIR – Electronic software/database system used to review, manage, communicate, 
document, and approve an action item from a risk assessment. 

O. Guideword – Words such as high, low, no, more, or less, which are used in conjunction with 
parameters to analyze deviations. 
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Risk Assessment of Facilities Potentially Affecting High Consequence Areas 

P. Hazard and Operability (HAZOP) Analysis – Qualitative risk assessment technique utilizing 
guidewords and deviations to systematically assess process risks. 

Q. Node – A small portion of a process identified for process hazard analysis. 

R. Operability – Ability to operate a process within its design intention. 

S. Parameter – Measurable process conditions such as pressure, temperature, and level, 
which when combined with guidewords, are utilized to identify and analyze process 
deviations. 

T. Passive safeguard – Safeguards based on design features and do not require any external 
input to function. Generally, passive safeguards mitigate a consequence to a less severe 
event; an example would be a dike wall or drainage designed for a specific consequence. 

U. Procedural safeguard – Safeguards that utilize human response to mitigate or prevent a 
consequence. Examples include procedural checks, administrative checks, operator 
checks, and corrective actions. 

V. Risk – The resulting intersection of severity and frequency in the risk matrix utilized to 
measure potential loss (human, environmental, economic). 

W. Risk matrix – A chart that shows the event frequency ranges versus the consequence 
ranges, along with likelihood and consequence categories, to determine the tolerability of 
risk in a given category. The risk matrix is used to standardize judgments about risks. 

X. Safeguard – A device, system, or action for reducing the frequency and/or severity of the 
consequences of a deviation. 

Y. What–if analysis – A risk assessment technique that utilizes brainstorming based on a list of 
questions or concerns addressing hazards, hazardous situations, or specific accident 
events that can produce an undesirable consequence in a system or process and 
qualitatively judges the adequacy of existing safeguards. 

V. RESPONSIBILITIES 

A. Plant Management 

1. Provides the necessary resources to maintain the facility risk assessment process. 

2. Provides the necessary resources to implement approved preventive and mitigative 
measures. 

B. Pipeline Superintendent 

1. Review recommended preventive and mitigative measures and determine if the 
recommended measures should be implemented. 

C. Compliance, Safety, and Industrial Hygiene Superintendent 

1. Provides personnel knowledgeable in risk assessment methodologies. 

2. Responsible for ensuring a risk analysis report is produced and distributed to 
appropriate stakeholders. 
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VI. INSTRUCTIONS 

A. General considerations 

1. The goals of risk assessment are as follows: 

a. Identify the threats to facility integrity. 

b. Determine the risk represented by these threats and the consequences to 
critical locations. 

c. Rank facilities in the order of greatest need for integrity assessment or 
mitigative action, if applicable. 

d. Compare different integrity assessment or mitigation options in terms of the risk 
reduction benefits and costs. 

e. Facilitate reassessment and re-ranking once the integrity assessments and 
mitigative actions have been completed. 

2. Risk assessments are not static and do not deliver absolute certainty with regard to 
scheduling integrity assessments or other preventive and mitigative activities. 
However, it does offer a methodology with which to start an integrity assessment 
program, and if allowed to evolve with experience, it becomes a tool for continual 
planning of integrity assessments. 

3. Risk assessments for facilities potentially affecting HCAs shall be conducted if one of 
the following conditions are met: 

a. Prior to startup of a new facility potentially affecting HCAs 

b. Within six months of a change that requires a revised risk assessment 

c. Within six months of a change that requires a revised consequence analysis 
(e.g. new process, new facility, operational change, HCA changes, equipment 
changes). 

4. Team composition 

a. Risk assessments for facilities shall be performed by an experienced team 
knowledgeable in the process technology and operations. The team shall be 
comprised of essential personnel who are required to be present for the entire 
duration of the risk assessment and support personnel who shall be available 
for the duration of the risk assessment. 

(1) Essential personnel ─ The following roles are considered essential. A risk 
assessment shall not proceed without representation of at least the 
following competencies: 

(a) Process knowledgeable representative ─ Shall have detailed 
technical experience and knowledge of the process technology 
being assessed. This experience should include knowledge of the 
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chemistry, engineering, equipment, and safety equipment utilized 
within the process being analyzed. 

(b) Process operations representative ─ Shall have operational 
knowledge of the process technology being assessed. This 
experience should include working knowledge of the safety 
equipment, controls, history, physical layout, and procedures 
utilized within the process being analyzed. 

(c) Pipeline engineer ─ Shall have detailed technical experience and 
knowledge of the process technology being assessed. This 
experience should include knowledge of the engineering, 
equipment, pipeline integrity management activities, and safety 
equipment. 

(d) Person knowledgeable of the risk assessment technique ─ Shall 
have detailed experience and knowledge of the risk assessment 
technique being utilized as well as a knowledge of the process 
sufficient to understand the plant processing operations being 
discussed, capture relevant details, and to control the discussion. 

(e) Mechanical engineer/maintenance engineer (fixed equipment) or 
inspection representative ─ Shall have detailed experience and 
working knowledge of mechanical integrity threats specific to 
facilities (e.g. external corrosion, internal corrosion, manufacturing 
defects, construction defects, equipment failure, and cycle induced 
fatigue). 

(f) Maintenance engineer (rotating equipment) ─ Shall have detailed 
experience and working knowledge of pumps, compressors, and/or 
fans associated with facilities. 

(2) Support personnel ─ Additional personnel may be required and shall be 
identified during the planning phase of the risk assessment. 

5. Acquiring and integrating data in risk assessment 

a. The data to be gathered and integrated shall be of sufficient quality and breadth 
so that it can be used in the risk assessment to help identify relevant threats 
that could affect the integrity of the facility. Examples of data include: 

(1) Attributes of each facility that bear on the susceptibility to various integrity 
threats 

(2) Construction factors that could affect the susceptibility to various integrity 
threats 

(3) Operating parameters that could affect the susceptibility to various 
integrity threats 
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(4) Assessment histories that may indicate susceptibility to various integrity 
threats 

(5) Release history 

B. Risk assessment approach 

1. A combination of the following risk assessment methods may be used to determine 
and evaluate the risks posed by facilities: 

a. Hazard and Operability (HAZOP) Analysis 

b. What-if Analysis 

c. Appropriate equivalent methodology that evaluates specific risks of facilities 

2. HAZOP analysis methodology 

a. HAZOP methodology may be used to provide an analysis of threats posed from 
incorrect operations and equipment failure. 

b. HAZOP methodology is not suitable for analyzing all threats posed to facilities. 
Additionally, planning for certain non-credible scenarios is not reasonable. 
Therefore, the following scenarios are excluded from the HAZOP methodology: 

(1) Double jeopardy events. 

(2) Occupational, health, and safety events ─ Events such as slips, trips, falls, 
ergonomics, and walking/working surfaces shall be addressed via the 
Safety Management System and are not covered by facility risk. 

(3) Events initiated by failure of control of work practices ─ Failure of control 
of work practices (i.e. safe work permitting, hot work permitting, lock out -
tag out, confined space entry, and the bolted joint procedure) shall not be 
considered initiating events. 

(4) Engineering design errors ─ It shall be assumed that the process being 
evaluated has been designed in accordance with good engineering 
practices. 

(5) Escalation events ─ The development of a credible scenario shall 
terminate at the loss event caused from the process deviation. 

(6) Initiating events that do not cause a loss event within 24 hours may be 
excluded at the discretion of the team. This is intended to exclude events 
that are progressive in nature such as corrosion/erosion/seal damage and 
are generally identified and corrected prior to a catastrophic failure. 
Failures that will result in a sudden catastrophic failure and are 
unrevealed are not exempted. “What-if” methodology is more suitable for 
these scenarios. 

(7) Events initiated by natural disasters, terrorism, sabotage, or a third-party. 
“What-if” methodology is more suitable for these scenarios. 
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c. HAZOP workflow ─ Facility risk assessment using HAZOP follows the following 
seven step process: 

(1) Establishment of node boundaries 

(a) Nodes shall be developed prior to HAZOP and shall be identified 
with highlighted piping and instrumentation diagrams (P&IDs). 

(b) Safe operating limits for the node under analysis shall be reviewed 
during the risk analysis. These limits are the critical parameters that 
define when a deviation occurs. Generally, these consist of the 
following design parameters: pressure, temperature, flow rates, and 
stream compositions. These parameters effectively describe the 
process safe operating limits. 

(2) Deviations 

(a) Deviations consist of a guideword/parameter pair, such as “high” 
and “pressure.” This pairing results in the deviation “high pressure.” 
Additionally, generic deviations may be specified to review specific 
risks associated with a node (e.g. relief systems, management of 
change, abnormal operations, and previous incidents). 

(b) Table 1 lists examples of how parameters and guidewords may be 
combined to form deviations. 
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(c) Consequence developed shall assume that all active safeguards 
fail. Passive safeguards may be assumed to still function at the 
discretion of the team. 

(d) Consequences shall reference equipment tags. 

(e) Scenario consequence are to be developed by the immediate 
consequence of interest (no escalation of event). Team should base 
severity on the most severe plausible outcome. 

(f) Risks that are associated with economic or environmental 
consequences are outside the scope of the risk assessment. 

(5) Safeguards 

(a) Active safeguards shall be identified and reviewed against process 
safety information (PSI) for effectiveness.  For example, a relief 
valve protecting against a blocked outlet case is to be reviewed 
against the relief device sizing documentation and found to be sized 
adequately for the blocked outlets scenario, a temperature alarm is 
to be confirmed to be set below safe operating limits. 

(b) Active safeguards shall have adequate response time to safeguard 
against the scenario developed. For example, an alarm that affords 
credit for an operator to respond, includes adequate time for an 
operator to notice the alarm, determine appropriate action, and 
complete any tasks required. These durations shall be based on 
team judgment and experience for HAZOP assessments. 

(c) Administrative or procedural safeguards (e.g. procedures or 
manuals) shall be documented. 

(6) Scenario frequency evaluation 

(a) Frequencies shall be developed by the likelihood adjustment 
method. This method takes an initial estimate for the frequency 
based on team judgment or published data and then adjusts the 
frequency based on the probability of failure of safeguards designed 
to mitigate or prevent the scenario. 

(7) Risk ranking 

(a) Based on the results of the consequence evaluation and the 
scenario frequency evaluation, scenarios are to be risk ranked to 
determine a risk priority level. The risk priority level is defined by the 
DGC Pipeline Safety Risk Matrix. 

3. What-if methodology 

a. What-if methodology may be used to provide an analysis of the threats posed 
from facilities that may not be adequately analyzed using HAZOP. Generally, 
HAZOP takes the cause of the scenario into account when calculating risk, 
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severity, and likelihood of the scenario. The what-if analysis simply considers 
what the outcome would be if the given scenario were to occur. This allows the 
what-if analysis to cover a range of scenarios that could be overlooked using 
the HAZOP analysis. 

b. In this method, a scenario is described by asking what the consequences of a 
facility threat would be. For example, “What if the facility experiences external 
corrosion at the soil-to-air interface?” or “What if there was localized soil 
movement that exposed the pipe?” 

c. What-if workflow ─ Facility risk assessment using what-if methodology follows 
the following six-step process: 

(1) Topic/Guideword 

(a) A list of relevant threats to the integrity of the facility shall be 
identified for discussion. 

(2) What-if/Causes 

(a) The team shall develop scenarios identified as having a reasonable 
probability of occurring by asking, “What if X occurred?”. 

(3) Consequence evaluation 

(a) The team shall determine the consequences of the scenarios which 
have a reasonable probability of occurrence and document the 
severity of the outcome. 

(4) Safeguards 

(a) A list of safeguards used to prevent or mitigate scenario 
consequences is to be developed. 

(5) Scenario frequency evaluation 

(a) Frequencies shall be developed by the likelihood adjustment 
method. This method takes an initial estimate for the frequency 
based on team judgment or published data and then adjusts the 
frequency based on the probability of failure of safeguards designed 
to mitigate or prevent the scenario. 

(6) Risk ranking 

(a) Based on the results of the consequence evaluation and the 
scenario frequency evaluation, scenarios shall be risk ranked to 
determine a risk priority level. The risk priority level is defined by the 
DGC Pipeline Safety Risk Matrix. 

C. Recommended preventive and mitigative measures from risk assessments 

1. Risk assessment shall continually identify preventive and mitigative measures to be 
considered for implementation. As integrity assessments, remediations, and 
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mitigative actions are carried out, the particular risk assessment method used can be 
validated, improved, or replaced if necessary to conform with the experience gained 
through integrity management activities 

2. Preventive and mitigative measures for facilities shall be identified and prioritized 
based on the results of risk assessments. 

3. Recommended preventive and mitigative measures for facilities shall be reviewed by 
the pipeline superintendent. 

a. If the pipeline superintendent determines preventive and mitigative measures 
recommended from the risk assessment are required, the preventive and 
mitigative measures shall be implemented. 

(1) Preventive and mitigative measures to be implemented shall be tracked 
with the EXP-DIR system. 

b. The pipeline superintendent may justifiably decline to adopt a recommendation 
where the reason is documented in writing and adequate evidence given that 
one or more of the following are true: 

(1) The analysis upon which the recommendation is based contains material 
factual error. 

(2) The recommendation does not significantly reduce risk posed to the 
health and safety of employees, employees of a contractor, or the public. 

(3) An alternative measure would provide a sufficient level of protection. 

(4) The recommendation is unfeasible. 

c. Should the pipeline superintendent determine to justifiably decline a 
recommendation, the reason is documented and signed in the Process Hazard 
Analysis Recommendation Resolution form (DGC 1642). The signed form shall 
be attached to the recommendation in EXP and the recommendation is closed. 

VII. RECORDS 

A. Results of risk assessments shall be documented and distributed to appropriate 
stakeholders by the compliance, safety, and industrial hygiene superintendent, or designee. 

B. All reports and documentation required or produced by this procedure shall be considered 
records, and shall be filed for the life of the facility in the appropriate electronic folder 
located in Altien under DGC / Pipelines / Integrity Management. 
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Exhibit 8 

DAKOTA GASIFICATION COMPANY 
PROCEDURE 

Origination Date: Procedure No.: 

029 

Revision No.: 

4 
Affected Area(s): 

CO2 Pipeline 

Originating Department: 

Engineering 
Final Approval: 

/s/  Dale Johnson 

Date: 

10/02/18 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

I. PURPOSE 

A. To define the process utilized to identify the high consequence areas (HCAs) along the 
carbon dioxide (CO2) pipeline. This procedure shall be used to support the Integrity 
Management Plan. 

II. SCOPE 

A. HCAs shall be identified for the Integrity Management Plan using technically justified 
methods that conform with the requirements of 49 CFR Part 195.452. 

B. This procedure covers the Dakota Gasification Company (DGC) carbon dioxide pipeline 
that runs from DGC near Beulah, ND, to the oil fields near Goodwater, Saskatchewan. 
Active and idle lines are covered by this procedure. 

III. REFERENCES 

A. 49 CFR Part 195 − Transportation of Hazardous Liquids by Pipeline 

B. 40 CFR Part 141 − National Primary Drinking Water Regulations 

C. 40 CFR Part 143 − National Secondary Drinking Water Regulations 

D. “Impact Probability Analysis of Accidental Carbon Dioxide and Hydrogen Sulfide 
Exposures Associated with the Dakota Gasification Company CO2 Pipeline Project”, ENSR 
and TetraTech EM, January 1998 

E. “Environmental Assessment Study”, ENSR, June 1998 

F. “Release and Dispersion Calculations for the Dakota Gasification Company Carbon Dioxide 
Pipeline”, Quest Consultants Inc., September 2017 

G. “Updated Dispersion Modeling for the CO2 Pipeline”, File-9450-CCB-17-019 

H. “PHMSA Corrective Action: Carbon Dioxide Pipeline Topographic Assessment”, File-9450-
CCB-18-002 

I. National Waterways Network (NWN) database 

J. CO2 Pipeline Integrity Management Plan 

K. DGC Procedure No. 038 − CO2 Pipeline Annual Report 
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Procedure No. 

029 

Revision No. 

4 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

IV. DEFINITIONS 

A. High consequence area (HCA) − An HCA can be defined as any of the following: 

1. Commercially navigable waterway − A waterway where commercial navigation exists. 

2. High population area − An urbanized area, as defined and delineated by the Census 
Bureau, which contains 50,000 or more people, and has a population density of at 
least 1,000 people per square mile. 

3. Other populated area − A place, as defined and delineated by the Census Bureau, 
which contains a concentrated population, such as an incorporated or unincorporated 
city, town, village, or other designated residential or commercial area. 

a. Office of Pipeline Safety (OPS) identified – Areas the OPS has identified as 
meeting the criteria of an other populated area. 

B. Unusually sensitive area (USA) − A drinking water or ecological resource area that is 
unusually sensitive to environmental damage from a hazardous liquid pipeline release as 
defined in 49 CFR Part 195.6. 

V. RESPONSIBILITIES 

A. Pipeline superintendent 

1. Responsible for overseeing the implementation of this procedure to ensure 
compliance with 49 CFR Part 195. 

2. Provide operational support and resources to perform inspections and population 
surveys to identify potential changes to HCA list. 

3. Responsible for informing pipeline engineer if potentially new HCAs are identified 
during routine pipeline right-of-way (ROW) ground inspections, aerial inspections, or 
population survey. 

B. Pipeline engineer 

1. Responsible for the positive identification of an HCA. 

2. Responsible for keeping the HCA list and map up to date. 

3. Responsible for submitting an annual report identifying all HCAs. 

C. Reliability engineering supervisor 

1. Provide support and resources to pipeline engineer. 

VI. INSTRUCTIONS 

A. HCAs shall be identified through the creation of a pipeline corridor. The pipeline corridor 
shall be established by defining an impact zone using technically justifiable methods. Refer 
to “Updated Dispersion Modeling for the CO2 Pipeline” (File-9450-CCB-17-019) and 
“PHMSA Corrective Action: Carbon Dioxide Pipeline Topographic Assessment” (File-9450-
CCB-18-002) for technical documentation used to establish the pipeline corridor. 
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Procedure No. 

029 

Revision No. 

4 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

B. In the event of a leak or a rupture on the pipeline, four hazard zones shall be considered 
around the pipeline. 

1. First zone − This zone is a physically disturbed zone. This is an area where the force 
of the pressurized fluid escaping causes the earth around it to be physically moved. 
This zone is important for any USAs that include archeological finds. Prior to the 
pipeline route selection, an environmental assessment study was done and any area 
found to have any cultural significance was avoided. Because of this there will be no 
HCAs physically disturbed by a release. This information can be found in the 
Environmental Assessment Study done by ENSR and located in Records 
Management System (RMS) M00004424. 

2. Second zone − This zone is a cold zone due to the immediate cooling around the leak 
area due to the Joule-Thompson effect of the depressurizing carbon dioxide (CO2). 
This will only be of significance for large leaks or ruptures. This phenomenon will 
freeze anything in the local vicinity of the leak/rupture. 

3. Third zone − This zone is the area affected by a CO2 release. This is an area where 
the concentration of CO2 is above the immediately dangerous to life or health (IDLH) 
level established by Occupational Safety and Health Administration (OSHA). This 
zone is presented in the air dispersion report done by ENSR and TetraTech, as well 
as the air dispersion report done by Quest Consultants Inc. 

4. Fourth zone − This zone is the area affected by a hydrogen sulfide (H2S) release. 
This will be the largest zone and is presented in the air dispersion report done by 
ENSR and TetraTech, as well as the air dispersion report done by Quest Consultants 
Inc. Since this zone has the largest impact distance, this zone shall be the governing 
factor in determining if a release can affect an HCA. 

C. Engineering is responsible for the initial identification of an HCA, as well as maintaining the 
list of HCAs. 

1. Methods of identifying HCAs include, but are not limited to, the following: 

a. National Pipeline Mapping Service (NPMS) 

(1) This is a service of the Department of Transportation (DOT), Research 
and Special Programs Administration (RSPA), and the Office of Pipeline 
Safety (OPS).  It can be found at http://www.npms.rspa.dot.gov/. This site 
shall be checked periodically for updates, or when a change to OPS-
identified HCA areas is known to have happened. 

b. Pipeline patrol 

(1) Routine pipeline patrol as required by 49 CFR Part 195.412 shall be 
utilized to identify potential HCAs. 

c. Receptor Survey 

(1) Per requirements set forth by 49 CFR Part 195, DGC is required to 
conduct a population survey. 
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Procedure No. 

029 

Revision No. 

4 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

d. National Waterways Network 

(1) National Waterways Network (NWN) database is the basis the Pipeline 
and Hazardous Material Administration (PHMSA) uses to identify 
commercially navigable waterways. PHMSA’s use of this database 
replaced the use of the prior United States Coast Guard (USCG) 
designation. http://www.navigationdatacenter.us/data/datanwn.htm 

2. All newly identified HCAs shall be added to the high consequence areas map of the 
CO2 pipeline. 

D. Types of HCAs 

1. Commercially navigable waterway 

a. There are no commercially navigable waterway HCAs currently in North 
Dakota. 

2. Unusually sensitive area (USA) 

a. Drinking Water 

(1) There will be no affect in the event of a leak or rupture. The carbon 
dioxide poses no pollution threat to drinking water according to the letter 
from the Office of Pipeline Safety (OPS) to Mr. Wayne Rickard of DGC 
located in the CO2 Pipeline Integrity Management Plan (Appendix K). 

(2) The Environmental Protection Agency (EPA) has set both primary and 
secondary national drinking water standards in accordance with the Safe 
Drinking Water Act (SDWA). Primary drinking water standards set legally 
enforceable limits on certain contaminants that could threaten public 
health. Secondary drinking water standards are set for certain 
contaminants that may impact the aesthetics of drinking water quality, but 
do not pose a risk to human health. Primary drinking water standards can 
be found in Title 40 of the Code of Federal Regulations (40 CFR) 141 and 
the secondary drinking water standards can be found in 40 CFR 143. 
There are no primary or secondary national drinking water standards set 
for hydrogen sulfide (H2S). 

b. Ecological 

(1) If an area is identified as an ecological resource area, it must be 
determined as to what is the ecological reason it has been identified. The 
type of resource it is shall determine what affect a pipeline leak or rupture 
will have on it. 

c. Highly populated areas 

(1) There are currently no highly populated areas within the established 
pipeline corridor. 

d. Other populated areas 
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Procedure No. 

029 

Revision No. 

4 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

(1) If the pipeline or pipeline corridor pass through a populated area, that 
area is considered an HCA. 

(2) All water crossings of the pipeline including lakes, rivers, streams, creeks 
and dry creeks, must be identified not only where they cross the pipeline, 
but also when they are located in the pipeline corridor. These are areas 
where a release could be constrained by banks and travel at a slow rate 
and not dissipate as quickly as anticipated. Refer to “Updated Dispersion 
Modeling for the CO2 Pipeline” (File-9450-CCB-17-019) and “PHMSA 
Corrective Action: Carbon Dioxide Pipeline Topographic Assessment” 
(File-9450-CCB-18-002) for technical documentation used to establish the 
pipeline corridor. 

(3) The gas released would have a higher vapor density than air so it could 
travel downhill or channel in valleys. Due to this, topography was taken 
into account while establishing the pipeline corridor. Refer to “Updated 
Dispersion Modeling for the CO2 Pipeline” (File-9450-CCB-17-019) and 
“PHMSA Corrective Action: Carbon Dioxide Pipeline Topographic 
Assessment” (File-9450-CCB-18-002) for technical documentation used 
to establish the pipeline corridor. 

3. Documenting the HCA 

a. When the OPS issues new HCA information on their website, the information 
shall be downloaded and overlaid on the current HCA map to determine if any 
changes impacting the established pipeline corridor have been made. 

b. If a new HCA is identified during the routine pipeline ROW inspections and 
aerial surveys, Process Operations shall inform Engineering about the 
location(s).  Process Operations shall furnish the latitude and longitude of the 
HCA, as well as the type of HCA (i.e. population, environmental, etc). 

(1) This information could include: 

(a) New residences along the pipeline 

(b) Changes in terrain or environment along the pipeline 

(c) Third party activity along the pipeline 

(d) Any other type of physical changes that could have an impact on an 
HCA 

c. Engineering shall input all data into the HCA map for analysis. 

d. Any new locations that meet the criteria for high consequence area shall be 
added to the list of HCA’s located in the Integrity Management Program 
document for the CO2 pipeline. The name of the HCA and the date it was added 
shall be documented. The Pipeline Engineer shall be responsible for keeping 
the HCA list and map up to date. 
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Procedure No. 

029 
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4 
Procedure Description: 

Identification of High Consequence Areas Along the Carbon Dioxide Pipeline 

e. The pipeline engineer shall issue an annual report identifying all high 
consequence areas along the pipeline. This report shall be issued to the plant 
manager, the operations manager, the pipeline superintendent, the 
maintenance manager, and the engineering manager. 

VII. RECORD RETENTION 

A. All reports and documentation required or produced by this procedure shall be considered 
records, and shall be filed for the life of the pipeline in the appropriate electronic folder 
located in Altien under DGC / Pipelines / Integrity Management. 
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