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1.0  Executive Summary 
 
A Process Hazard Analysis (PHA) was conducted for the Minnekota Project Tundra. The 
meetings were held online by MS Teams February 11, 2021 with a team of representatives 
including engineering, design, management, and operations representing three (3) different 
operating companies. The project is still in a preliminary stage, operating procedures and some 
design details were not available at the time of study.  Recommendations were made as 
appropriate. 
 
The PHA study was performed as a structured session using a knowledge-based Hazard and 
Operability (HazOp) methodology. The team reviewed the project as three (3) nodes to evaluate 
the potential hazardous or undesirable consequences associated with the proposed equipment 
and piping. Each identified scenario was assigned a severity and likelihood ranking based on 
the possible safety, environmental, property damage and/or business interruption consequences 
identified by the team with the associated safeguards in place to prevent or mitigate the event.   
 
The team developed thirty five (35) recommendations to further help mitigate risk inherent to the 
process. These recommendations are summarized in Section 6. The HazOp Worksheets that 
were developed during the review can be found in Appendix A. 
 
2.0 Scope of Study 
 
The following nodes of the site were reviewed during the HAZOP/LOPA study.   
 

Nodes 
Node Type Design Conditions/Parameters Drawings / 

References Equipment ID Comment Session 

1.  Main Meter Station 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0011 Orifice Meter, Flow 
Control Valve, Pig 
Launcher 

 1.  2/11/2021 
 

MM0012 
MM0013 

2.  Wellpad Meter Station #1 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0014 Pig Receiver, Orifice 
Meter Skid 

 1.  2/11/2021 
 

MM0015 
3.  Wellpad Meter Station #2 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0014 Pig Receiver, Orifice 
Meter Skid 

 1.  2/11/2021 
 

MM0016 
 
 

 
 

3.0   Process Description / Design Intent 
 
Dense phase CO2 comes from CCS through the Minnkota facilities and pipelines to the 
injection wells.  The proposed design is detailed on the P&IDs and design drawings. 
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4.0   Methodology 
 
The HAZOP study is performed using traditional HAZOP study methods. 
 
 Study methodology: 
 

1. The facilitator will identify the nodes on the master drawing(s) before the first day of 
the HAZOP session  
 

2. The design intent for that node/system is defined 
 

3. Each node is reviewed using the process parameters (e.g. Pressure) and selected 
guidewords (e.g. More of) evaluates deviations (e.g. More Pressure)  

 
4. The team then lists all credible causes and consequences 

 
5. The team evaluates the event severity,and defines what undesirable Health & Safety; 

Environmental; and Operability consequences may occur. Severity is risk ranked per 
the 5x5 Risk Matrix in Appendix D. 
 

6. The team then identifies existing safeguards (or independent protection layers) that 
reduce likelihood or severity, then the likelihood of the event with safeguards in place 
is risk ranked per the 5x5 Risk Matrix in Appendix D. 

 
7. Recommendations are made if required to reduce the potential risk.  If no 

recommendations are made, this means the PHA Team feels listed safeguards to be 
sufficient. 

 
8. This process is repeated for different process parameters on the selected node.  After 

exhausting all process parameters, the process is repeated for all other nodes 
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5.0 HAZOP Team, Roles, Attendance 
 



Team Members 
First Name Last Name Title Company Departme

nt Expertise Phone # Extension Fax # E-Mail Address Website Address Comment 

Tom Hoglin Facilitator / 
Engineer 

Hoglin 
Engineering 

        

Denys Stavnychi Pipeline 
Section 
Manager 

Burns & 
McDonnell 

        

Evan Montz Project 
Engineer 

Burns & 
McDonnell 

        

Boualem Boudid Mechanical 
Lead 

Burns & 
McDonnell 

        

Joe Faber E&I Lead Burns & 
McDonnell 

        

Michael Istre Process/Pipin
g Lead 

Burns & 
McDonnell 

        

Stephanie Villarreal  Burns & 
McDonnell 

        

Naresh Murthy Project 
Manager 

Oxy         

Marion Cole  Hies         
Dylan Wolf  Minnkota         

Shannon Mikula  Minnkota         

Kelly Watson  Oxy         

Angie Contreras  CCS         

   CCS         

   CCS         

            

 



Project:  HAZOP 
 

Issued 2/12/2021    Page 6 
 

 
6.0 HAZOP Recommendations 
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Recommendations 

Recommendations Place(s) Used Responsibility 

Maximum Risk 

Rec Pri Rec Cat Status 

% 
C
o
m
pl
et
e 

Estimated Dates Actual Dates Cost 

Comments Before 
Action After Action Start Date End Date Start 

Date End Date Estimated Actual 

1.  Consider consequence 
number 2 (shutdown 
resulting in phase change, 
possible well issues) when 
developing operation 
procedures to prevent 
damage to well perforations. 

 

Causes:  1.1.1               

2.  Determine the maximum flow 
allowed for each wellpad, 
consider a high flow alarm at 
appropriate setpoint. 

 

Causes:  1.2.1               

3.  Determine what the 
maximum flow anticipated 
from the CCS facility is. 

 

Causes:  1.2.1               

4.  Assure the RTU building 
includes a high CO2 alarm 
with appropriate siren and/or 
beacon to alert personnel 
prior to building entry. 

 

Causes:  1.2.2,  1.2.3  6             

5.  Assure operating procedures 
are followed prior to building 
entry, assure portable CO2 
monitors available. 
 

 

Causes:  1.2.2,  1.2.3  6             

6.  Consider adding an 
additional PCV for another 
pressure cut on the analyzer 
line. 

 

Causes:  1.2.2  6             

7.  Ensure coordination between 
operating companies to plan 
for a CCS unit shutdown 
which can reduce flow to 
40%. 

 

Causes:  1.1.6               

8.  Review need for adding a 
check valve to the meter 
station with CCS and the well 
team. 

 

Causes:  1.3.1               

9.  Assure operating procedures 
call for plugs in all valves 
going to atmosphere, and to 
not open vents/drains with 
system in operation. 

 

Causes:  1.4.1  4             

10.  Assure operation 
procedures call for drains 
and vents closed when 
system down to prevent 
moisture entry and 
corrosion. 

 

Causes:  1.4.2  5             

11.  Ensure communication and 
control occurs between 
RTUs on CCS, pipeline, 

Causes:  1.4.3               
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Recommendations Place(s) Used Responsibility 

Maximum Risk 

Rec Pri Rec Cat Status 

% 
C
o
m
pl
et
e 

Estimated Dates Actual Dates Cost 

Comments Before 
Action After Action Start Date End Date Start 

Date End Date Estimated Actual 

and well team facilities. 
 

12.  Consider using pig trap 
closures with a physical 
locking mechanism that 
prevents opening the 
closure while under 
pressure. 

 

Causes:  1.4.4  5             

13.  Consider alternate 
measures of corrosion 
monitoring (instead of ILI 
pigs) on pipeline #2 due to 
the short distance of 
pipeline 

 

Causes:  1.4.4  5             

14.  Assure proper overpressure 
protection is in place for the 
system between CCS, 
pipeline, and wellpads, 
Assure overpressure 
protection is set at proper 
setpoints. 

 

Causes:  1.5.1,  1.5.2  6             

15.  Consider adding PAH and 
PAHH alarms on the station 
PITs, signal to RTU control. 

 

Causes:  1.5.2  6             

16.  Consider adding a PSLL 
pressure switch to close 
valve upstream of meter 
station. 

 

Causes:  1.6.1,  2.6.1               

17.  Consider several cases of 
pressure/temperature on 
the facility for piping stress 
analysis, consider potential 
high temperature from CCS 
due to cooler failure. 

 

Causes:  1.7.1  6             

18.  Consider adding a 
temperature transmitter with 
an alarm / shutdown at 
facility inlet to close on high 
and low temperatures. 

 

Causes:  1.7.1,  1.8.1  6             

19.  Assure proper protection for 
pipe stress due to high 
temperature is in place for 
all parties - CCS, pipeline, 
and wellpad. 

 

Causes:  1.7.1  6             

20.  Determine low temperature 
safe operating limit, and 
add a low temperature 
alarm and/or shutdown at 
CCS TI-0612, 0613. 

 

Causes:  1.8.1               

21.  Revisit the acceptable limits 
of potential contaminates 
from CCS for the Pipeline 
and Wells, assure proper 
analyzers in place with 
proper alarm and/or 
shutdown setpoints. 

 

Causes:  1.11.1               
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Recommendations Place(s) Used Responsibility 

Maximum Risk 

Rec Pri Rec Cat Status 

% 
C
o
m
pl
et
e 

Estimated Dates Actual Dates Cost 

Comments Before 
Action After Action Start Date End Date Start 

Date End Date Estimated Actual 

22.  Consider adding ballards 
and/or flags around 
aboveground piping to 
prevent 3rd party impact. 
 

 

Causes:  1.13.1,  1.14.1,  
2.13.1 

 7             

23.  Assure inspection protocols 
and integrity management 
plan is in place to meet 
DOT pipeline requirements. 

 

Causes:  1.13.1,  2.13.1  6             

24.  Safeguards for snow 
removal need to be 
considered during final 
design, assure proper 
training for snow removal 
personnel. 

 

Causes:  1.14.1  7             

25.  Address any potential 
communication and cyber 
security breaches between 
CCS, Pipeline, Wells. 

 

Causes:  1.14.2,  2.14.1  7             

26.  Consider adding provisions 
for a temporary generator. 
 

 

Causes:  1.16.1               

27.  Review the potential for 
brine coming from the well 
formation back to the 
surface equipment causing 
excessive corrosion and 
loss of containment, assure 
proper safeguards are in 
place. 

 

Causes:  2.3.1  5             

28.  Determine what 
temperature is allowed for 
the wells and formation, 
assure proper safeguards 
are in place to protect wells. 

 

Causes:  1.7.1  6             

29.  Assure property owner is 
informed about the pipeline, 
potential exposure issues, 
and trained on how to 
respond in the event of a 
release. 

 

Causes:  2.13.1  6             

30.  Consider using fiber optic 
cable along the pipeline for 
leak detection. 

 

Causes:  2.13.1  6             

31.  Consider alternate routes 
for the pipeline ROW to add 
additional distance between 
the pipeline and 3rd party 
receptors. 

 

Causes:  2.13.1  6             

32.  Assure communications are 
in place with the mining 
operation and the pipeline 
group to prevent potential 
line strikes. 

 

Causes:  2.13.2  6             
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Recommendations Place(s) Used Responsibility 
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Rec Pri Rec Cat Status 
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o
m
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33.  Confirm MSHA 
requirements for road 
crossing during design 
phase.  Review potential 
mining blasting operations 
impact on the pipeline. 

 

Causes:  2.13.2  6             

34.  Consider more physical 
security mitigations to 
prevent entry and/or 
tampering on remote site 
location (Wellpad #1). 

 

Causes:  2.14.1  7             

35.  Assure the proper failure 
modes are defined for all 
the automated valves on 
the system and identified on 
P&IDs. 

 

Causes:  1.1.3               
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7.0   Appendices 
 
 

A.  HAZOP Worksheets 
B.  Node List and Definitions 
C.  P&IDs 
D.  Risk Ranking 
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Appendix A:  HAZOP Worksheets 
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PHA Worksheet 
Node Deviation Cause Consequence 

Before Risk 
Reduction Effective 

Safeguards Recommendations Responsibility Status 
After Risk 
Reduction 

S L RR S L RR 
1.  Main Meter 

Station 
 

1.  Less/No Flow 
 

1.  Shutdown of CCS 
facility. 

 

1.  Loss of flow to meter 
station and wellpads.  
Operability issues only.  
Potential for well 
shutdown, Operational 
issues in bringing wells 
back on. 

 

   1.  MOV-1001 
will close 
when loss of 
flow from 
CCS. 

 

1.  Consider consequence 
number 2 (shutdown resulting 
in phase change, possible well 
issues) when developing 
operation procedures to 
prevent damage to well 
perforations. 

 

     

2.  If extended shutdown, 
potential for dense 
phase CO2 to go more 
to liquid phase.  
Possible sand plugging 
of well tubing 
perforations downhole.  
Possible operational 
difficulties in restarting. 

 

   2.  MOV-1004, 5 
Shutdown 
valves 
upstream of 
wellpads will 
close on loss 
of flow. 

 

   

3.  Each well will 
have an 
automated 
shutdown 
valve. 

 

2.  MOV-1002, 3 
malfunctions closed 
 

 

1.  Same scenario as 
above 

 

          

3.  FCV-1001,2 
malfunctions closed 

 

1.  Same scenario as 
above 

 

    35.  Assure the proper failure 
modes are defined for all the 
automated valves on the 
system and identified on 
P&IDs. 

 

     

4.  Any number of 
manual block valves 
closed. 

 

1.  Same scenario as 
above 

 

          

5.  Well workover or 
testing as part of 
permit requirements. 

 

1.  Shutdown of system.  
Same scenario as 
above 

 

          

6.  Intentional reduction 
of flow, one unit 
down for cleaning at 
CCS, when this 
occurs flow is 
reduced to 40% of 
total flow. 

 

1.  Operability issues, no 
hazards. 

 

    7.  Ensure coordination between 
operating companies to plan 
for a CCS unit shutdown which 
can reduce flow to 40%. 

 

     

2.  More Flow 
 

1.  CCS system is not 
able to exceed the 
pipeline system 
design capacity. 

 

     2.  Determine the maximum flow 
allowed for each wellpad, 
consider a high flow alarm at 
appropriate setpoint. 

 

     

3.  Determine what the maximum 
flow anticipated from the CCS 
facility is. 

 

  

2.  PCV-1001 
malfunctions open. 

 

1.  Potential to 
overpressure the 
analyzer.  Damage to 
analyzer, small release 
rate of CO2. 
Release is inside of the 
analyzer building.  
Possible low O2 

A 2 6 1.  PSV-1001, 
set at 80 psig, 
relieves to a 
safe location. 

 

4.  Assure the RTU building 
includes a high CO2 alarm 
with appropriate siren and/or 
beacon to alert personnel prior 
to building entry. 

 

     

5.  Assure operating procedures 
are followed prior to building 
entry, assure portable CO2 
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Node Deviation Cause Consequence 
Before Risk 
Reduction Effective 

Safeguards Recommendations Responsibility Status 
After Risk 
Reduction 

S L RR S L RR 
atmosphere and 
asphyxiation upon 
building entry. 

 

monitors available. 
 

 

6.  Consider adding an additional 
PCV for another pressure cut 
on the analyzer line. 

 

  

3.  NC 1" vents 
inadvertently open 
inside RTU building, 
or small leaks in 
building. 

 

1.  Un contained release of 
CO2 from vent.  
Release is inside of the 
analyzer building.  
Possible low O2 
atmosphere and 
asphyxiation upon 
building entry. 

 

A 2 6 1.  Valve is 
intended to 
be closed and 
plugged. 

 

4.  Assure the RTU building 
includes a high CO2 alarm 
with appropriate siren and/or 
beacon to alert personnel prior 
to building entry. 

 

     

5.  Assure operating procedures 
are followed prior to building 
entry, assure portable CO2 
monitors available. 
 

 

  

3.  Reverse Flow 
 

1.  With system 
shutdown, potential 
reverse flow back to 
CCS 

 

1.  Potential for 
measurement errors 
from reverse flow.  
Minor operability 
issues. 

 

   1.  Each 
compressor 
has a check 
valve on the 
discharge at 
CCS. 

 

8.  Review need for adding a 
check valve to the meter 
station with CCS and the well 
team. 

 

     

4.  Misdirected Flow 
 

1.  Drains and vents 
open to atmosphere, 
release of CO2 

 

1.  Un contained release of 
CO2 from vents and 
drains. 

 

B 1 4 1.  Plugs on all 
valves to 
atmosphere. 

 

9.  Assure operating procedures 
call for plugs in all valves 
going to atmosphere, and to 
not open vents/drains with 
system in operation. 

 

     

2.  Drains and vents 
open to atmosphere, 
entrance of air and 
moisture/water, etc. 
into piping. 

 

1.  Increased internal 
corrosion due to water 
presence.   

 

A 1 5 1.  Plugs on all 
valves to 
atmosphere. 

 

10.  Assure operation procedures 
call for drains and vents 
closed when system down to 
prevent moisture entry and 
corrosion. 

 

     

2.  CP may 
reduce 
corrosion rate 
for small 
amounts of 
moisture. 

 

3.  16" manual bypass 
around FCV-1001 
left open. 

 

1.  Loss of flow control, 
possible more flow to 
one of the well pads.  
Potential exceed 
permitted allowable's, 
formation damage not 
expected. Operability 
issues. 

 

   1.  Flow control 
devices exist 
at the well 
pads. 

 

11.  Ensure communication and 
control occurs between RTUs 
on CCS, pipeline, and well 
team facilities. 

 

     

2.  Redundant 
metering at 
well pads. 

 

4.  Opening a pig trap 
door while under 
pressure. 

 

1.  Potential for injury while 
opening pig trap. 

 

A 1 5 1.  PI-1005 on 
barrel 

 

12.  Consider using pig trap 
closures with a physical 
locking mechanism that 
prevents opening the closure 
while under pressure. 

 

     

2.  Pressure 
safety 
indicator on 
the trap doors   

 

13.  Consider alternate measures 
of corrosion monitoring 
(instead of ILI pigs) on 
pipeline #2 due to the short 
distance of pipeline 

 

  

3.  Operating 
procedures. 

 

4.  Appropriate 
drains/vents 
on pig traps. 
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Node Deviation Cause Consequence 
Before Risk 
Reduction Effective 

Safeguards Recommendations Responsibility Status 
After Risk 
Reduction 

S L RR S L RR 
5.  Higher Pressure 
 

1.  CCS compressor 
discharge 
overpressure 
protection failure 
(PSV, PSHH 
shutdowns, etc)   

 

1.  Possible overpressure 
of meter station piping 
and equipment, release 
and possible injury. 

 

A 2 6 1.  PS-1001 on 
inlet of facility 
closes MOV-
1001 (ANSI 
900) 

 

14.  Assure proper overpressure 
protection is in place for the 
system between CCS, 
pipeline, and wellpads, 
Assure overpressure 
protection is set at proper 
setpoints. 

 

     

2.  PIT 
monitoring 
pressure in 
multiple 
areas, 
operator 
response. 

 

2.  Pipeline outlet 
blockage or closure, 
continue to feed the 
pipeline from CCS. 

 

1.  Possible overpressure 
of meter station piping 
and equipment, release 
and possible injury. 

 

A 2 6 1.  PS-1001 on 
inlet of facility 
closes MOV-
1001 (ANSI 
900) 

 

14.  Assure proper overpressure 
protection is in place for the 
system between CCS, 
pipeline, and wellpads, 
Assure overpressure 
protection is set at proper 
setpoints. 

 

     

2.  PIT 
monitoring 
pressure in 
multiple 
areas, 
operator 
response. 

 

15.  Consider adding PAH and 
PAHH alarms on the station 
PITs, signal to RTU control. 

 

  

3.  Blocked in thermal 
expansion on pig 
trap. 

 

1.  Possible slight 
overpressure of barrel. 

 

   1.  PSV-1002. 
 

      

6.  Lower Pressure 
 

1.  Upstream facility 
upset at CCS. 

 

1.  Potential for phase 
change of the CO2, 
possible injection 
issues and operability 
issues. 

 

   1.  PIT 
monitoring 
pressure in 
multiple 
areas, 
operator 
response. 

 

16.  Consider adding a PSLL 
pressure switch to close 
valve upstream of meter 
station. 

 

     

7.  Higher 
Temperature 

 

1.  Cooler failure on 
downstream of 
compressors. 

 

1.  Potential for 
compressor discharge 
temperature CO2 
(unknown temperature) 
coming to the pipeline 
facilities.  Possible 
piping stress and 
release. 

 

A 2 6 1.  CCS has 
TSHH-0612, 
0613 
shutdown, set 
at 120 F. 

 

17.  Consider several cases of 
pressure/temperature on the 
facility for piping stress 
analysis, consider potential 
high temperature from CCS 
due to cooler failure. 

 

     

2.  Possible for coating 
damage to the pipeline 
(180 F limit), possible 
for increased corrosion 
and reduced design life. 

 

   18.  Consider adding a 
temperature transmitter with 
an alarm / shutdown at facility 
inlet to close on high and low 
temperatures. 

 

     

3.  Potential high temp to 
the wells and formation. 

 

   19.  Assure proper protection for 
pipe stress due to high 
temperature is in place for all 
parties - CCS, pipeline, and 
wellpad. 

 

     

28.  Determine what temperature 
is allowed for the wells and 
formation, assure proper 
safeguards are in place to 
protect wells. 
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Node Deviation Cause Consequence 
Before Risk 
Reduction Effective 

Safeguards Recommendations Responsibility Status 
After Risk 
Reduction 

S L RR S L RR 
8.  Lower 

Temperature 
 

1.  Excessive cooling at 
CCS, cooling control 
valve malfunction 
open. 

 

1.  Potential for phase 
change of the CO2, 
possible injection 
issues and operability 
issues. 

 

   1.  CCS has 
TSHH-0612, 
0613 
shutdown, set 
at 120 F. 

 

18.  Consider adding a 
temperature transmitter with 
an alarm / shutdown at facility 
inlet to close on high and low 
temperatures. 

 

     

20.  Determine low temperature 
safe operating limit, and add 
a low temperature alarm 
and/or shutdown at CCS TI-
0612, 0613. 

 

  

2.  System shutdown 
for extended period 
of time due to 
ambient cooling. 

 

1.  Potential for phase 
change of the CO2, 
possible injection 
issues and operability 
issues. 

 

          

9.  Higher Level 
 

1.  Not applicable. 
 

           

10.  Lower Level 
 

1.  Not applicable. 
 

           

11.  Contamination 
 

1.  Failure of 
dehydration system 
and/or failure of 
other scrubbing 
systems resulting in  
contaminants to the 
inlet of the meter 
station. 

 

1.  Potential for corrosion 
and not meeting 
injection well 
specifications.  Possible 
injection issues and 
reduced life of piping. 

 

   1.  Moisture 
analyzers at 
CCS. 

 

21.  Revisit the acceptable limits 
of potential contaminates 
from CCS for the Pipeline 
and Wells, assure proper 
analyzers in place with 
proper alarm and/or 
shutdown setpoints. 

 

     

2.  Moisture 
analyzers at 
main meter 
station  

 

12.  Wrong 
Concentration 

 

1.  See contamination 
above. 

 

           

13.  Leak/Rupture 
 

1.  Corrosion, third 
party damage, 
overpressure, pipe 
stress, valves left 
open, etc. 

 

1.  Possible release and 
personnel exposure. 

 

A   1.  Metering 
between and 
wellpad mass 
balance will 
detect 
significant 
loss 

 

22.  Consider adding ballards 
and/or flags around 
aboveground piping to 
prevent 3rd party impact. 
 

 

     

2.  Corrosion 
coupon 
monitoring 

 

23.  Assure inspection protocols 
and integrity management 
plan is in place to meet DOT 
pipeline requirements. 

 

  

3.  Routing inline 
inspection 

 

4.  Steady quality 
of CO2 

 

5.  Cathodic 
protection 

 

6.  Pipeline 
markers  

 

7.  Line is buried 
additional 12" 
beyond 
requirements. 

 

14.  Human Factors 
 

1.  Snow accumulation 
on the site. Snow 
removal equipment 
on the site can result 
in damage to piping 
systems 

1.  Possible release and 
personnel exposure. 

 

A 3 7 1.  Site can be 
controlled 
and/or shut 
down 
remotely. 

 

22.  Consider adding ballards 
and/or flags around 
aboveground piping to 
prevent 3rd party impact. 
 

 

     

2.  Station is 24.  Safeguards for snow removal   
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Before Risk 
Reduction Effective 

Safeguards Recommendations Responsibility Status 
After Risk 
Reduction 

S L RR S L RR 
 

 

designed to 
be 
unmanned, 
routine 
access is not 
required. 

 

need to be considered during 
final design, assure proper 
training for snow removal 
personnel. 

 

2.  Communications to 
outside entities, 
potential for hacking 
/ sabotage. 

 

1.  Possible release and 
personnel exposure. 

 

A 2 6  25.  Address any potential 
communication and cyber 
security breachs between 
CCS, Pipeline, Wells. 

 

     

15.  Startup/Shutdo
wn 

 

1.  No new concerns.   
 

           

16.  Loss of Utilities 
 

1.  Loss of power 
 

1.  Loss of communication 
and loss of flow control 
to the wells, possible 
permit violation. 

 

   1.  For CCS: 
system has 
UPS and 
equipment 
goes to fail 
safe 
condition. 

 

26.  Consider adding provisions 
for a temporary generator. 
 

 

     

2.  For Pipeline: 
each site has 
UPS and 
equipment 
goes to fail 
safe 
condition. 

 

17.  Miscellaneous 
 

1.  No new concerns.   
 

           

2.  Wellpad Meter 
Station #1 

 

1.  Less/No Flow 
 

1.  Same as node 1. 
 

           

2.  More Flow 
 

1.  Same as node 1. 
 

           

3.  Reverse Flow 
 

1.  System shutdown, 
potential reverse 
flow back to meter 
stations 

 

1.  Potential for 
measurement errors 
from reverse flow.  
Minor operability 
issues. 

 

   1.  Each 
compressor 
has a check 
valve on the 
discharge at 
CCS. 

 

27.  Review the potential for brine 
coming from the well 
formation back to the surface 
equipment causing excessive 
corrosion and loss of 
containment, assure proper 
safeguards are in place. 

 

     

2.  Possible reverse flow 
from wells, possible 
brine from injection 
wells into surface 
equipment, possible 
increased corrosion. 

 

A 1 5 2.  Each wellpad 
has check 
valves 

 

   

4.  Misdirected Flow 
 

1.  Same as node 1. 
 

           

2.  One wellpad 
shutdown, same 
flow coming from 
CCS. 

 

1.  CCS plant would divert 
CO2 flow to the vent, 
compressors do have 
recycle ability for short 
term.  Operability 
issues. 

 

   1.  CCS can 
divert flow to 
the CO2 Vent 

 

      

2.  2nd 
compressor 
can be 
shutdown 

 

3.  Compressor 
recycle 
systems 

 

5.  Higher Pressure 
 

1.  Same as node 1. 
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6.  Lower Pressure 
 

1.  Upstream facility 
upset at CCS, or 
main meter station. 

 

1.  Potential for phase 
change of the CO2, 
possible injection 
issues and operability 
issues. 

 

   1.  PIT 
monitoring 
pressure in 
multiple 
areas, 
operator 
response. 

 

16.  Consider adding a PSLL 
pressure switch to close 
valve upstream of meter 
station. 

 

     

2.  PSLL-1004 
will close 
MOV-1004 
stopping flow 
to well. 

 

2.  PSLL-1004 fails to 
close on a low 
pressure situation. 

 

1.  Potential for phase 
change of the CO2, 
possible injection 
issues and operability 
issues. 

 

   1.  Wells have 
shutdown 
valves for 
high and low 
pressure. 

 

      

7.  Higher 
Temperature 

 

1.  Same as node 1. 
 

           

8.  Lower 
Temperature 

 

1.  Same as node 1. 
 

           

9.  Higher Level 
 

1.  Not applicable. 
 

           

10.  Lower Level 
 

1.  Not applicable. 
 

           

11.  Contamination 
 

1.  Same as node 1. 
 

           

12.  Wrong 
Concentration 

 

1.  Same as node 1. 
 

           

13.  Leak/Rupture 
 

1.  Corrosion, third 
party damage, 
overpressure, pipe 
stress, valves left 
open, etc. 

 

1.  Possible release and 
personnel exposure.  
Land owner property for 
a residence located 
near the pipeline ROW 
may experience high 
levels of CO2, possible 
fatalities. 
 
Note:  Dispersion 
analysis has been 
completed indicating 
that high levels may 
reach 3rd party property 
line, but not to the 3rd 
party occupied 
residence. 

 

A 2 6 1.  Metering 
between and 
wellpad mass 
balance will 
detect 
significant 
loss. 

 

22.  Consider adding ballards 
and/or flags around 
aboveground piping to 
prevent 3rd party impact. 
 

 

     

2.  Corrosion 
coupon 
monitoring 

 

23.  Assure inspection protocols 
and integrity management 
plan is in place to meet DOT 
pipeline requirements. 

 

  

3.  Routing inline 
inspection 

 

29.  Assure property owner is 
informed about the pipeline, 
potential exposure issues, 
and trained on how to 
respond in the event of a 
release. 

 

  

4.  Steady quality 
of CO2 

 

30.  Consider using fiber optic 
cable along the pipeline for 
leak detection. 

 

  

5.  Cathodic 
protection 

 

31.  Consider alternate routes for 
the pipeline ROW to add 
additional distance between 
the pipeline and 3rd party 
receptors. 

 

  

6.  Pipeline 
markers  

 

7.  Line is buried 
additional 12" 
beyond 
requirements. 
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2.  Third party damage 

in active mine 
property (line strike, 
use of explosives in 
mining activities, 
etc.) 

 

1.  Possible release and 
personnel exposure.  
 
Pipeline goes through 
an active mine potential 
increased chance for a 
line strike.  Line goes 
under an MSHA road. 

 

A 2 6 1.  Same as 
above. 

 

32.  Assure communications are 
in place with the mining 
operation and the pipeline 
group to prevent potential line 
strikes. 

 

     

33.  Confirm MSHA requirements 
for road crossing during 
design phase.  Review 
potential mining blasting 
operations impact on the 
pipeline. 

 

  

14.  Human Factors 
 

1.  Potential for hacking 
/ sabotage on 
remote site. 

 

1.  Possible release and 
personnel exposure. 

 

A 3 7  25.  Address any potential 
communication and cyber 
security breaches between 
CCS, Pipeline, Wells. 

 

     

34.  Consider more physical 
security mitigations to 
prevent entry and/or 
tampering on remote site 
location (Wellpad #1). 

 

  

15.  Startup/Shutdo
wn 

 

1.  Same as node 1. 
 

           

16.  Loss of Utilities 
 

1.  Same as node 1. 
 

           

17.  Miscellaneous 
 

1.  No new concerns.   
 

           

3.  Wellpad Meter 
Station #2 

 

1.  Less/No Flow 
 

1.  Team discussed that 
node 3 is identical 
as node 2, without 
the public receptors 
specifically identified 
in node 2.  
Deviations 
cause/consequence/
safeguards are the 
same. 

 

           

2.  More Flow 
 

            

3.  Reverse Flow 
 

            

4.  Misdirected Flow 
 

            

5.  Higher Pressure 
 

            

6.  Lower Pressure 
 

            

7.  Higher 
Temperature 

 

            

8.  Lower 
Temperature 

 

            

9.  Higher Level 
 

            

10.  Lower Level 
 

            

11.  Contamination 
 

            

12.  Wrong 
Concentration 
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13.  Leak/Rupture 
 

            

14.  Human Factors 
 

            

15.  Startup/Shutdo
wn 

 

            

16.  Loss of Utilities 
 

            

17.  Miscellaneous 
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1.  Main Meter Station 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 
100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0011 Orifice Meter, Flow Control 
Valve, Pig Launcher 

 1.  2/11/2021 
 

  
MM0012 
MM0013 

2.  Wellpad Meter Station #1 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 
100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0014 Pig Receiver, Orifice Meter 
Skid 

 1.  2/11/2021 
 

  
MM0015 

3.  Wellpad Meter Station #2 
 

Piping ANSI Class 900 Flanged Piping, 2160 psig @ 
100 F 
MAWP Pig Trap:  1800 psig @ 200 F 

MM0014 Pig Receiver, Orifice Meter 
Skid 

 1.  2/11/2021 
 

  
MM0016 
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Appendix D:  Risk Ranking 



RISK MATRIX

1 2 3 4 5

A 5 6 7 8 9

B 4 5 6 7 8

C 3 4 5 6 7

D 2 3 4 5 6

E 1 2 3 4 5

SEVERITY RANKING

Severity Description

A One or More Fatalities, Catastrophic Burns / Serious Public Health and Environmental Impact / Major Property Damage

B Serious Injury or Multiple Injured Personnel / Limited Public Health and Environmental Impact / Significant Property Damage 

C Medical Treatment for Personnel / No Public Health Impact / Moderate Property Damage and Environmental Impact

D First Aid Injury / No Public Health Impact / Possible Incipient Fire, Minor Property Damage and Environmental Impact

E No Injury or Health Impact / Minimal or No Property Damage or Environmental Impact

LIKELIHOOD

Frequency 
/Likelihood

Description Frequency
5 Likely to occur several times in facility, possibly annually >10^-1 to 1 / yr
4 Likely to occur once or twice within facility lifetime >10^-2 to 10^-1
3 Likely to occur within the lifetime of 10 similar facilities >10^-3 to 10^-2
2 Not likely, but similar Event has occurred in similar facilities >10^-4 to 10^-3
1 Not likely, but similar Event has occurred in industry >10^-5 to 10^-4
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APPENDIX E  – PROJECT TUNDRA INITIAL LIFE CYCLE 
ANALYSIS CALCULATIONS 
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