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Executive Summary 

A series of transient simulations have been conducted for the Line 9B Reversal and Line 9 
Capacity Expansion Project to identify whether there are any cases wherein surge pressures 
caused by abnormal operating conditions might exceed 110% of the pipeline Maximum 
Operating Pressure (“MOP”) and to recommend mitigation measures.  The following scenarios 
have been identified as the worst case scenarios and are detailed in this report: 
 

 Station Pressure Control Valve Closures – Communications Out (Malfunction in Station 
Communications); 

 Delivery Pressure Control Valve Closures – Communications In (with Station 
Communications); and 

 Delivery Pressure Control Valve Closures – Communications Out (Malfunction in 
Station Communications). 

 
As a result of the transient analysis, the following mitigation measures have been incorporated 
into the design for the Line 9B Reversal and Line 9 Capacity Expansion Project: 
 

 Bypass check valves at North Westover, Hilton, and Cardinal; 
 Upgrade backup communications system at North Westover; and 
 Surge relief system at Montreal including a surge relief tank, valves and piping, or 

equivalent surge relief system. 
 
Additional analysis of multiple failure scenarios was requested by the National Energy Board 
(“NEB”) in NEB IR 4.7. This supplemental analysis examined the following scenarios which 
are detailed in the addendum to this report: 
 

 Station Pressure Control Valve Closures – Communications Out (Malfunction in Station 
Communications where the Pressure Control Valve has failed) with simultaneous 
closure of nearest downstream mainline block valve. 

 
These additional scenarios resulted in un-mitigated MOPs that were lower than the original 
station and delivery Pressure Control Valve (“PCV”) closure scenarios previously analyzed by 
Enbridge.  In addition, the analysis has confirmed that the current proposed mitigation 
measures are sufficient to limit the maximum system operating pressures to acceptable limits 
during the multiple failure scenario which was considered. Therefore no additional mitigation 
is required. 
 
It is concluded that the existing facilities in conjunction with the pipeline control logic and the 
proposed mitigation measures will provide adequate protection for the pipeline under the 
abnormal operating conditions. 
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Enbridge recently made a decision on the placement of new remote-controlled sectionalizing 
valves along Line 9. Prior to Line 9B going into service in the reversed direction, 17 remote-
controlled sectionalizing valves will be installed along Line 9. The valve locations were 
carefully selected based on their potential volume reduction and other factors, including 
proximity to sensitive areas such as water crossings, drinking water sources, populated areas, 
and ecologically and otherwise sensitive areas. These remote-controlled valves will be designed 
such that closure of these valves will not cause an overpressure exceeding 110% of the MOP in 
the line. 

    Attachment 1 to NEB IR 4.7U



 

 

4 
 

  
1.0 Existing Safety Systems for Overpressure Protection 

At a single station, only the station’s own suction and discharge pressures are available for 
local pressure protection.  However, the pipeline control logic system views all of the pressures 
available along the line and can take corrective action to adjust pressures across a series of 
stations as required. 

The Operating Limits Program takes into account all relevant variables to determine a set of 
operating limits that, under steady-state conditions, ensures that the pressure profile will remain 
within allowable limits at all points between the discharge side of a station and the suction or 
holding pressure side of the next downstream station. 
 
The Line Pressure Monitor (“LPM”) alarm system monitors station discharge and suction 
pressures and can initiate set-point reductions, unit shutdowns, or entire line shutdowns as 
necessary to avoid over pressure situations as long as each station is in communications with it 
(COMM-IN).  The LPM alarm system is complemented by independent local systems.  Each 
station has a discharge pressure shutdown, at a setting that is set higher than, and acts 
independently from, the LPM alarm system.  These systems and facilities work together to 
provide overpressure protection to the relevant pipeline during steady-state and abnormal 
operating conditions. 

2.0 Scenarios 

The scenarios described below were identified as the worst case abnormal operating 
conditions that could cause pressure excursions above 110% of MOP for the pipeline.  The 
simulation software used for the transient analysis was GL Noble Denton (Stoner) SPS 9.7. 

The entire mainline was simulated between the Sarnia Terminal (“SA”) and Montreal 
Terminal (“ML”). 

 
2.1  Initial Steady State 

Two types of initial steady states were employed: 

 Maximum flow: the flow rate is maximized while discharging out of each pump station 
at the maximum pressure. For conservative reasons, the maximum flow rate used for the 
transient study is 5% larger than the pipeline design flow rate – 2,208 m3/hr (333 kbpd); 
and 

 Maximum pressure: the pressure profile is maximized in the pipeline section wherein 
the upset condition is to occur. In this case since the upstream station discharges at base 
maximum discharge pressure and the downstream station suction pressure is at its 
maximum allowable value, the flow rate cannot be maximized. 
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Two fluids (the heaviest and most viscous, the lightest and least viscous) are combined with the 
above two types of initial steady states. Hence, a maximum of four initial steady states were set 
up for each pipeline section. 

A transient scenario was initiated after loading initial steady states into the simulator. Each 
transient scenario was separately verified for all initial steady states. 

 
2.2  Station PCV Closure with Malfunction in Station Communications (COMM-OUT)  

A scenario was created wherein the station Pressure Control Valve (“PCV”) was closed and the 
communications systems to and from the station were malfunctioning.  After five minutes from 
the upset initiation, the station suction and discharge pressures controller set points at the 
COMM-OUT station and the one upstream of it were switched to the safe limits defined for the 
COMM-OUT condition. 
 

2.3  Delivery PCV Closure with Station Communications Functional (COMM-IN) 

A scenario was created wherein the Montreal Terminal (“ML”) delivery PCV was closed and 
communications systems to and from the terminal were functional. 

 
2.4  Delivery PCV Closure with Malfunction in Station Communications (COMM-OUT)  

A scenario was created wherein the North Westover (“NW”) delivery PCV was closed and the 
communications systems to and from the terminal were malfunctioning.  After five minutes 
from the upset initiation, the controller set points of the holding pressure at the COMM-OUT 
site and the discharge pressure at SA were switched to the safe limits defined for the COMM-
OUT condition. 

 

3.0 Summary of Results 

Table 3.1 summarizes the worst case results for each pipeline section. The results demonstrate 
there are scenarios that could result in a mainline pressure that exceeds 110% of the MOP of 
the pipeline if mitigation solutions are not provided. 
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Table 3.1: Summary of Critical Results 
 

Scenario Description Flow rate 110% MOP Exceeded? 

North Westover Station PCV Closure during COMM-OUT 
at North Westover (maximum pressure profile in Sarnia to 
North Westover pipeline section, the lightest and least 
viscous fluid is pumped at North Westover) 

2094 m3/hr (316 kbpd) YES 

North Westover delivery PCV Closure during COMM-
OUT at North Westover (maximum flow, the lightest and 
least viscous fluid is delivered at North Westover) 

2326 m3/hr (351 kbpd) YES 

Hilton PCV Closure during COMM-OUT at Hilton 
(maximum flow rate, the heaviest and most viscous fluid is 
pumped at Hilton) 

2326 m3/hr (351 kbpd) YES 

Cardinal PCV Closure during COMM-OUT at Cardinal 
(maximum flow rate, the heaviest and most viscous fluid is 
pumped at Cardinal)  

2326 m3/hr (351 kbpd) YES 

Montreal delivery PCV Closure (maximum pressure profile 
in Cardinal to Montreal pipeline section, the heaviest and 
most viscous fluid is delivered at Montreal) 

2025 m3/hr (306 kbpd) YES 

  
4.0 Mitigation 

The following mitigation measures are required to protect against overpressure events: 
 

 North Westover Station (“NW”) 
o Install a station bypass check valve 
o Upgrade the communication systems 

 
 Hilton Station (“HL”) 

o Install a station bypass check valve 
 

 Cardinal Station (“CD”) 
o Install a station bypass check valve 

 
 Montreal Terminal (“ML”) 

o Install a surge relief tank, valves and piping, or equivalent surge relief system 

5.0 Conclusion 

The station and delivery PCV failure transient events can cause overpressures exceeding 110% 
of the MOP in Line 9 from Sarnia Terminal to Montreal Terminal resulting in the need for 
mitigation measures.  The existing and proposed infrastructure in Line 9 piping from Sarnia 
Terminal to Montreal Terminal will be capable to handle the Line 9 transient events with the 
proposed mitigation measures incorporated. 
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Addendum – Analysis of Multiple Failure Scenarios 

A1.0  Additional Transient Analysis 

During development of the engineering design standards for the transient hydraulic analysis of 
Enbridge facilities, a comprehensive review of both Enbridge’s operational history and project 
related design studies was undertaken. The purpose was to establish a set of credible abnormal 
operating conditions having a reasonable probability of causing an over-pressure event in a 
mainline or terminal piping system. Internal and third party experts were involved in the 
review. Based on the review, closure of mainline block valves had not been included in the 
standard suite of scenarios that are evaluated by Enbridge in its transient hydraulic analyses. 
Closure of mainline block valves is not considered by Enbridge to be an abnormal operating 
condition that poses a credible risk of over-pressure on the Enbridge system in light, in 
particular, of the following considerations: 

i) the fact that the system control logic would automatically shut down the pipeline if a 
mainline block valve were to begin to vary from a fully open status;  

ii) each mainline block valve and actuator is designed to ensure that the valve is closed 
slowly (typically over three minutes), thereby minimizing the potential for a pressure 
surge to occur; and 

iii) Enbridge has no operational experience that indicates that the closure of mainline block 
valves is a cause for concern with respect to pipeline over-pressures. 

For the foregoing reasons, the original Line 9 Transient Analysis Summary report submitted to 
the NEB did not include any scenarios involving closure of mainline block valves. 

NEB IR 4.7 requested that Enbridge run additional transient hydraulic scenarios including 
multiple failure modes involving a station PCV closure with malfunction in station 
communication (COMM-OUT) and the closure of a downstream mainline valve. This 
additional analysis has been completed and is summarized below. 

A2.0  Additional Scenarios 

The additional multiple failure scenarios described below were modeled.  The simulation 
software used for the transient analysis was GL Noble Denton (Stoner) SPS 9.7. 

The entire mainline was simulated between the Sarnia Terminal (“SA”) and ML. 

A2.1 Station PCV Closure with Malfunction in Station Communications 
(COMM-OUT) AND Closure of Nearest Downstream Mainline Block Valve 

A scenario was created wherein the station PCV was closed while the communications systems 
to and from the station malfunctioned, in conjunction with the simultaneous closure of the 
nearest mainline block valve downstream of the pump station discharge.  Five minutes 
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following the upset initiation, the station suction and discharge pressure controller set points at 
the COMM-OUT station and the one upstream of the COMM-OUT station were switched to 
the safe limits defined for the COMM-OUT condition. 

A3.0 Summary of Results of Additional Analysis 

Table A3.1 summarizes the results of the additional transient hydraulic scenarios for each 
pipeline section. The results demonstrate there are scenarios that could result in a mainline 
pressure that exceeds 110% of the MOP of the pipeline if mitigation solutions are not provided. 
However, the results of the analysis of these unmitigated additional multiple failure scenarios 
were lower than the scenarios previously run by Enbridge in the original Line 9 Transient 
Analysis Summary report. 

Table A3.1: Summary of Critical Results for Additional Scenarios 
 

Scenario Description Flow rate 110% MOP Exceeded? 

Sarnia Station PCV Closure during COMM-OUT at Sarnia 
with simultaneous closure of nearest downstream block 
valve (maximum pressure profile in terminal piping at 
Sarnia, the heaviest and most viscous fluid is pumped at 
Sarnia) 

913 m3/hr  (138 kbpd) YES 

North Westover Station PCV Closure during COMM-OUT 
at North Westover with simultaneous closure of nearest 
downstream block valve (maximum pressure profile in 
Sarnia to North Westover pipeline section, the lightest and 
least viscous fluid is pumped at North Westover) 

2085 m3/hr (315 kbpd) NO 

Hilton Station PCV Closure during COMM-OUT at Hilton 
with simultaneous closure of nearest downstream block 
valve (maximum pressure profile in North Westover to 
Hilton pipeline section, the lightest and least viscous fluid 
is pumped at Hilton) 

1651 m3/hr (249 kbpd) YES 

Cardinal Station PCV Closure during COMM-OUT at 
Cardinal with simultaneous closure of nearest downstream 
block valve (maximum pressure profile in Hilton to 
Cardinal pipeline section, the lightest and least viscous 
fluid is pumped at Cardinal) 

1869 m3/hr (282 kbpd) YES 

  

A4.0 Mitigation 

Scenarios were run that confirmed that the previously identified mitigation measures described 
in section 4.0 above are sufficient to protect against overpressure events resulting from the 
additional multiple failure scenarios that were analyzed. Therefore, no additional mitigation 
measures are required. 
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A5.0 Conclusion 

The transient events caused by the closure of the discharge PCV at the downstream pump 
station while that pump station has experienced a communication malfunction (COMM-OUT), 
in conjunction with the simultaneous closure of the nearest mainline block valve downstream 
of the pump station discharge, can cause overpressures exceeding 110% of the MOP in Line 9 
from Sarnia Terminal to Montreal Terminal. However, these multiple failure scenarios do not 
cause overpressures that are greater than the scenarios previously analyzed in the Enbridge 
standard suite of abnormal operating conditions. Therefore, the existing and proposed 
infrastructure in Line 9 piping from Sarnia Terminal to Montreal Terminal will be capable of 
handling the Line 9 transient events with the previously proposed mitigation measures 
incorporated. 

Additionally, prior to Line 9B going into service in the reversed direction, 17 remote-controlled 
sectionalizing valves will be installed along Line 9. These valves will be installed separately 
from the Line 9B Reversal and Line 9 Capacity Expansion Project as part of Enbridge’s 
Intelligent Valve Placement Program, which is an ongoing process conducted as part of 
Enbridge’s operation and maintenance activities in compliance with the Board’s Operation and 
Maintenance Activities on Pipelines Regulated Under the National Energy Board Act: 
Requirements and Guidance Notes. The valve locations were carefully selected based on their 
potential volume reduction and other factors, including proximity to sensitive areas such as 
water crossings, drinking water sources, populated areas, and ecologically and otherwise 
sensitive areas.  

The following are the approximate locations for the 17 valves to be installed along Line 9. The 
final valve locations may vary slightly depending on factors such as landowner and 
environmental concerns, access and power availability:  

 KP 2816.37 (MP 1750.01)  
 KP 2878.09 (MP 1788.36) 
 KP 2929.94 (MP 1820.58) 
 KP 2946.37 (MP 1830.79)  
 KP 2979.68 (MP 1851.49) 
 KP 3080.61 (MP 1914.2) 
 KP 3083.50 (MP 1916) 
 KP 3122.85 (MP 1940.45)  
 KP 3150.60 (MP 1957.69)  
 KP 3174.37 (MP 1972.46) 
 KP 3185.04 (MP 1979.09) 
 KP 3198.75 (MP 1987.61) 
 KP 3251.41 (MP 2020.33) 
 KP 3272.31 (MP 2033.32) 
 KP 3274.36 (MP 2034.59) 
 KP 3375.84 (MP 2097.65) 
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 KP 3389.86 (MP 2106.36) 
 

These remote-controlled valves will be designed such that closure of these valves will not cause 
an overpressure exceeding 110% of the MOP in the line. 
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