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2.6.1 Team Performance 

The control center staff involved in pipeline operations consisted of control center 
operators, terminal operators, MBS analysts, shift leads, and supervisors. Control center 
operators were given the authority to decide when to terminate pipeline product flow with input 
from the MBS analysts. That is, operators had the final authority to terminate flow without the 
fear of repercussion from the company. The control center operators were to use input from the 
MBS analysts, who were responsible for determining the validity of MBS alarms. When MBS 
alarms occurred, operators were to consult with MBS analysts and to inform shift leads. If shift 
leads needed assistance in making operating decisions, they consulted with and obtained 
approval from higher-level supervisors; an on-call supervisor was available outside of normal 
business hours. Shift leads were to oversee and facilitate the work of the control center operators. 

During shift B, MBS alarms associated with the Line 6B rupture appeared on the 
operator’s SCADA display. Operator B1 notified the MBS analyst, who determined that the 
alarms were due to column separation. The control center operator and the shift lead’s 
subsequent actions regarding Line 6B were consistent with, and largely influenced by, the 
MBS analyst’s determination of the cause of the MBS alarm and his characterization of the 
alarm as false. Later, when shift lead B2 discussed with the on-call supervisor the inability to 
merge the separated oil columns in Line 6B, the on-call supervisor deferred to MBS analyst B’s 
explanation for the column separation and the analyst’s suggestion that line pressure be increased 
to compensate for the inactive Niles PS. The on-call supervisor approved the shift lead’s request 
to authorize starting up the line again.  

The transcript of the conversations regarding the Line 6B second startup and the actions 
and decisions of those involved in operating Line 6B during the time of the accident reveal a 
control center team that performed ineffectively during the events of this accident. At the time of 
the accident, the MBS analyst became the de facto team leader because his conclusions provided 
an explanation for the Line 6B situation that affected the team’s perceptions and actions 
regarding the line. More important, the MBS analyst provided more than an assessment of 
whether the alarm was valid—he proposed that the alarm was caused by column separation, and 
he proposed a solution (that is, starting up the line flow with greater pump power than previously 
had been used). The control center operator and shift lead eventually accepted the MBS analyst’s 
proposed cause and course of action, despite the fact that the MBS analyst was not assigned a 
team leadership position. The control center operator, shift lead, and supervisor did not seek 
alternative explanations of the MBS alarm. Given the deference of the team to someone who had 
exceeded his area of responsibility by providing an explanation for the MBS alarm and a 
proposed solution, lack of effective team performance was evident. Therefore, the NTSB 
concludes that the ineffective performance of control center staff led them to misinterpret the 
rupture as a column separation, which led them to attempt two subsequent startups of the line.  

The NTSB has investigated previous accidents in which breakdowns in team 
performance occurred. In these accidents, team leaders transferred their authority to subordinates 
who they believed possessed more expertise than they did in the circumstances they were 
encountering. During restricted visibility conditions at a Detroit airport, the captain of a transport 
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aircraft deferred to his first officer’s navigation on the ground.120

In a recent marine accident,

 The captain had just been 
cleared to return to flight operations and had completed his captain recertification process after 
an extended absence. The first officer unknowingly guided the aircraft onto an active runway. 
The airplane was then struck by an aircraft that was taking off. 

121

Similarly in the Marshall accident, the assigned leader of the team (the on-call 
supervisor) deferred his authority to the MBS analyst. The two individuals essentially reversed 
roles, as was seen in the two previously mentioned accidents. 

 a licensed deck officer (the third mate), who was new to 
the vessel and on his first watch, deferred the vessel navigation to the helmsman who did not 
have a mate’s license and had been on the vessel for 17 months. The helmsman steered and 
navigated the vessel onto rocks, and the vessel grounded.  

The ineffective performance of the control center team in this accident is consistent with 
human factors research on team performance, which has shown that the quality of team 
performance is influenced by team structure and team leadership. In essence, the effectiveness of 
the team leader (that is, the person responsible for defining goals, organizing resources to 
maximize performance, and guiding individuals toward those goals) influences the effectiveness 
of the team. Further, team coordination in this accident had broken down as well, such that other 
team members failed to recognize that the MBS analyst had incorrectly interpreted the 
MBS alarm and consequently had proposed an improper solution to its real cause. In a 
2007 study, researchers stated the following: 

…coordination is the behavioral mechanism team members use to orchestrate 
their performance requirements. When coordination breakdowns occur, this can 
lead to errors, missed steps or procedures, and lost time… . For example, if one 
team member makes an error, this will likely translate to another team member 
error if it is not caught and corrected.122

In this accident, none of the control center team members involved in Line 6B operations 
recognized that the cause of the alarms was a rupture and that starting the line would only 
exacerbate, rather than correct, the underlying condition. 

 

Human factors research also has shown that team effectiveness and performance levels 
are enhanced by team training.123

                                                 
120 Northwest Airlines, Inc., Flights 1482 and 299, Runway Incursion and Collision, Detroit 

Metropolitan/Wayne County Airport, Romulus, Michigan, December 3, 1990, Aviation Accident Report 
NTSB/AAR-91/05 (Washington, D.C.: National Transportation Safety Board, 1991). 

 Although Enbridge control center staff worked in teams, they 

121 Grounding of U.S. Passenger Vessel Empress of the North, Intersection of Lynn Canal and Icy Strait, 
Southeast Alaska, May 14, 2007, Marine Accident Report NTSB/MAR-08/02 (Washington, D.C.: National 
Transportation Safety Board, 2008). 

122 K.A. Wilson and others, “Errors in the Heat of Battle: Taking a Closer Look at Shared Cognition 
Breakdowns Through Teamwork,” Human Factors, vol. 49, no. 2 (2007), pp. 243–256. 

123 (a) E. Salas, N.J. Cooke, and M.A. Rosen, (2008) On Teams, Teamwork, and Team Performance: 
Discoveries and Developments,” Human Factors, vol. 50, no. 3 (2008), pp. 540–547. (b) E. Salas, N.J. Cooke, and 
J.C. Gorman, “The Science of Team Performance: Progress And the Need for More . . .,” Human Factors, vol. 52, 
no. 2 (2010), pp. 344–346. (c) C.R. Paris, E. Salas, and J.A. Cannon-Bowers, “Teamwork in Multi-Person Systems: 
A Review and Analysis,” Ergonomics, vol. 43, no. 8 (2000), pp. 1052–1075. 
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were not trained to do so, and PHMSA’s regulations did not require Enbridge to provide team 
training. Enbridge trained its operators primarily individually, providing them with the 
knowledge and the skills needed to operate the pipelines, using simulated operational scenarios 
with instructors playing the roles of other control center staff. Control center operators, 
MBS analysts, shift leads, and supervisors did not train together. Therefore, the NTSB concludes 
that Enbridge failed to train control center staff in team performance, thereby inadequately 
preparing the control center staff to perform effectively as a team when effective team 
performance was most needed.  

Further, the ineffective team performance noted in this accident was similar to the 
inadequacies of the SCADA control center staff the NTSB noted in its investigation of the 
September 9, 2010, gas pipeline rupture and fire in San Bruno, California. In that accident, the 
NTSB found “that it was evident from the communications between the SCADA center staff, the 
dispatch center, and various other PG&E employees that the roles and responsibilities for dealing 
with such emergencies were poorly defined” and that “PG&E’s response to the Line 132 break 
lacked a command structure with defined leadership and support responsibilities within the 
SCADA center.”124

Given the team performance deficiencies noted in both the San Bruno and the Marshall 
accidents and the pivotal roles these deficiencies played in control center staff errors, there is a 
clear need for pipeline companies to address team performance in their operator training. 
In 14 CFR 121.404, the FAA requires airline pilots to be trained in team performance, which 
is referred to as crew resource management (CRM) in aviation, and provides guidance to 
airlines on developing, implementing, reinforcing, and assessing team performance (in the 
January 22, 2004, FAA Advisory Circular 120-51e, “Crew Resource Management Training”). 
Team training prepares people to work efficiently and effectively as members of a group. CRM 
in commercial aviation seeks to reduce human errors in the cockpit by improving interpersonal 
communications, leadership skills, and human decision-making. The essential elements of CRM 
training include the following: 

  

• Learning to function as members of teams, not as a collection of technically 
competent individuals. 

• Instructing how to behave in ways that foster crew effectiveness. 

• Providing opportunities to practice the skills necessary to be effective team leaders 
and team followers. 

• Training on effective team behaviors during normal, routine operations. 
CRM programs have been developed in several transportation areas. For passenger flight 

operations, 14 CFR 121.419, 121.421, and 121.422, require pilots, flight attendants, and 
dispatchers to participate in CRM training. In marine transportation, the Coast Guard requires 
licensed mariners on internationally operating vessels to participate in bridge resource 
management (BRM) training. In railroad transportation, the Federal Railroad Administration has 
sponsored research to develop rail CRM programs. Additionally, there has been substantial 

                                                 
124 NTSB/PAR-11/01, p. 98. 
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research on the effectiveness of CRM programs.125

2.6.2 Training 

 There have been considerable materials 
published on the objectives and basic curriculum of team training through CRM, and similar 
curricula is available in several transportation modes that prepare individuals in team practice 
sessions to work together as teams. Therefore, the NTSB recommends that PHMSA develop 
requirements for team training of control center staff involved in pipeline operations similar to 
those used in other transportation modes. 

Few of the Enbridge control center operators or shift leads who were involved in Line 6B 
operations had experienced a pipeline rupture before this accident. The majority of operators the 
NTSB interviewed indicated that their primary exposure to leaks occurred during regularly 
scheduled annual simulated exercises. Control center operators commented on the relative 
frequency of the column separations they had experienced, particularly in areas of changing 
elevation (not a factor in this accident) and at times during line startups and shutdowns (a factor 
in this accident). Moreover, some control center operators stated that MBS alarms sometimes 
occurred during transient conditions, such as pipeline startups or shutdowns, and often were 
explained by the MBS analysts as being related to pressure transmitter problems or column 
separations. API RP 1130 discusses control center operator complacency and leak detection 
credibility due to an increased frequency of leak detection alarms and stresses the importance of 
control center operator training on leak detection systems. Given the infrequency of actual 
ruptures and the relatively high frequency of MBS alarms encountered during line startups and 
shutdowns, it was natural for control center staff to assume the MBS alarms for Line 6B had 
been caused by column separation. Consequently, the MBS analysts’ incorrect interpretation of 
the MBS alarms as resulting from column separation was readily accepted by operators, shift 
leads, and on-call supervisors without additional analysis. The evidence suggests that the control 
center staff’s repeated experiences with MBS alarms caused by column separation rather than a 
rupture affected their ability to interpret the alarms correctly. 

In accordance with PHMSA regulations, Enbridge control center operators were given 
extensive training in pipeline operations, which included regular testing of their knowledge and 
skills. After becoming operators, they were required to demonstrate continued operating 
knowledge and skills through triennial operator requalification. By contrast, shift leads, MBS 
analysts, and supervisors were not required to demonstrate continued proficiency. The transcript 
of control center conversation following the first startup revealed that the on-call supervisor did 
not have the knowledge and technical skills necessary to properly advise shift lead B2 and 
question MBS analyst B about pipeline operating matters. Although consistent with PHMSA 
requirements, Enbridge’s practice of requiring only some of the decision-makers involved in 
pipeline operations to demonstrate their knowledge and skills through operator qualifications is 
counter to safe operating principles. Therefore, the NTSB concludes that Enbridge failed to 
ensure that all control center staff had adequate knowledge, skills, and abilities to recognize and 

                                                 
125 For example, (a) E. Salas and others, “Does Crew Resource Management Training Work? An Update, an 

Extension, and Some Critical Needs,” Human Factors, vol. 48, no. 2 (2006), pp. 392-412. (b) P. O’Connor and 
others, “Crew Resource Management Training Effectiveness: A Meta-Analysis and Some Critical Needs,” 
International Journal of Aviation Psychology, vol. 184, no. 4. (2008), pp. 353-368. 
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address pipeline leaks, and their limited exposure to meaningful leak recognition training 
diminished their ability to correctly identify the cause of the MBS alarms.  

Consequently, the NTSB recommends that Enbridge establish a program to train control 
center staff as teams, semiannually, in the recognition of and response to emergency and 
unexpected conditions that includes SCADA system indications and MBS software.  

The NTSB is also concerned that other pipeline operating companies may have a 
similarly inconsistent standard for maintaining proficiency among all staff involved in pipeline 
operational decisions. Therefore, the NTSB recommends that PHMSA extend operator 
qualification requirements in 49 CFR Part 195 Subpart G to all hazardous liquid and gas 
transmission control center staff involved in pipeline operational decisions. 

2.6.3 Procedures 

Failure to use available leak indications, the use of incomplete procedures, and the 
influence of the MBS analyst were evident in an examination of shifts A and B during the 
accident. At the time of the shutdown, on July 25, operators A1 and A2 received a series of 
nearly simultaneous SCADA pressure-related alarms near the Marshall PS indicative of a 
rupture. These initial alarms were followed by a 5-minute MBS alarm (a severe leak alarm) 
3 minutes later. The sudden drop in pressure at the Marshall PS, a SCADA alarm of a local 
shutdown of the Marshall PS, and the MBS alarm were all leak triggers identified under the 
Leak Triggers from SCADA Data procedure. The occurrence of one or two leak triggers 
mandated that the control center operator execute the Suspected Leak Trigger procedure 
requiring that a leak be ruled out within 10 minutes or the pipeline be shut down. Three or more 
leak triggers required that the control center operator shut down the pipeline immediately and the 
shift lead make emergency notifications.  

However, due to the pressure transients generated at the time of the shutdown and 
rupture, many of the low-pressure alarms appeared multiple times and cleared shortly after 
alarming. In addition, the 5-minute MBS alarm cleared on its own as the pipeline flows 
approached zero following the shutdown.  

Nonetheless, the Line 6B SCADA console display highlighted the low pressures at the 
Marshall PS that remained below minimum suction pressure and indicated an abnormal 
operating condition. Because the pressure alarms that initially appeared at the SCADA console 
had cleared, the control center operator attributed them to the shutdown. When MBS analyst A 
explained to operator A1 that the leak detection alarm was due to column separation at the 
Marshall PS, operator A1 assumed that the low pressure and remaining alarm indications were 
also symptoms of a column separation condition. The supervisor of the MBS group stated that it 
was commonly understood that leak detection alarms clear following a shutdown; however, this 
was not documented in either the control center procedure or the MBS analysts’ procedure. 

During the two startups on shift B, there were several SCADA indications of a leak, 
including zero pressure at the Marshall PS, the lack of pressure downstream of the Marshall PS 
when the line had been operated for 10 minutes, and the volume differences (between the amount 
of oil pumped into Line 6B and the amounts received at the delivery locations). Additionally 
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repeated, active 5-minute, 20-minute, and 2-hour MBS alarms were received during the course of 
the two start attempts. Active MBS alarms were identified under the control center Leak Triggers 
from SCADA Data procedure; however, the inability to increase pressure downstream of the last 
PS and the excessive volume differences were not in that procedure. The Suspected Column 
Separation procedure required the control center operator to shut Line 6B down within 
10 minutes, but because shift lead B1 decided to use an unapproved draft version of the Starting 
Up Into Known Column Separation procedure, the 10-minute limitation was exceeded.  

During the shutdown on shift A and the startups on shift B, both MBS analysts had 
declared the presence of column separation in the pipeline, and, in both instances, the control 
center operators did not first examine elevation profiles on SCADA, historical SCADA trends of 
pressures and flows, or historical alarm logs to rule out a leak. Elevation profiles revealed that 
the Marshall area was not conducive to column separation, and historical alarm records showed 
that MBS alarms on Line 6B were rare. Adding to the confusion were control center procedures 
for MBS indications that were not fully integrated with the MBS procedures. The procedures 
were developed by different groups and used inconsistent language to describe MBS alarms and 
to explain how to determine whether the alarms were “valid” or “false.” The inconsistent 
language contributed to confused roles and responsibilities when control center staff analyzed 
leak alarms. Although column separation and ruptures have similar SCADA indications, a 
rupture has far greater consequences. The Enbridge procedures did not ensure that leaks were 
ruled out first, under all circumstances. 

Therefore, the NTSB concludes that the Enbridge control center and MBS procedures for 
leak detection alarms and identification did not fully address the potential for leaks during 
shutdown and startup, and Enbridge management did not prohibit control center staff from using 
unapproved procedures.  

The MBS reported flow imbalances in the pipeline; to do so, the software relied on 
real-time SCADA pipeline pressures and flows to calculate these imbalances. Differences 
between the configuration of the MBS system and the actual pipeline result in either false MBS 
alarms or additional indications of column separation erroneously generated. To generate 
credible leak detection alarms, the MBS software and the SCADA system must use identical 
pipeline pressures and flows. MBS analyst B realized the actual pipeline configuration and 
pressures did not match that of the leak detection software during the first startup. The 
MBS analyst had to override the pressure values in the MBS software to represent the valve 
closure at the Niles PS. This action was completed about the time Line 6B was shut down 
following the first startup. The difference in pressure readings contributed to a reduced 
credibility of Enbridge’s MBS alarms during the first startup because it resulted in additional 
column separation indications on Line 6B. 

The MBS analyst on shift B informed the on-call supervisor, at the shift lead’s request, 
that the MBS alarms following the first startup of Line 6B were “false alarms” because column 
separation was present in the pipeline. MBS analyst B based his characterization of the alarm on 
a known limitation of pressure transient leak detection models, which is that column separations 
can render the MBS unreliable and reduce the credibility of the leak detection alarms. The API 
recognizes that a CPM alarm is probably the most complex alarm that a control center operator 
will experience. To correctly recognize and respond to this type of alarm, the API believes that 
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an operator needs specific training and appropriate reference material. MBS analyst B told NTSB 
investigators about this alarm’s complexity; however, the analyst’s actions on July 26 did not 
reflect a valid understanding of the alarm. 

Therefore, the NTSB concludes that Enbridge’s control center staff placed a greater 
emphasis on the MBS analyst’s flawed interpretation of the leak detection system’s alarms than 
it did on reliable indications of a leak, such as zero pressure, despite known limitations of the 
leak detection system.  

In addition to the issues of credibility, Enbridge was confident that pipeline ruptures 
occurring in remote or difficult-to-access areas would have limited consequences because of its 
10-minute restriction on continued pipeline operations in uncertain situations. According to 
Enbridge procedures, the pipeline would be shut down after 10 minutes if operational alarms 
remained unresolved. The control center staff, to some extent, and the Chicago regional manager 
believed that unintended product releases would be reported by outside sources (that is, either 
affected citizens or community officials). This belief was evident in the conversation between the 
shift lead and the Chicago regional manager during shift C. For example, at 10:16 a.m., on 
July 26, the Chicago regional manager said to shift lead C2, “… right now … I’m not convinced. 
We haven’t had any phone calls. I mean, it’s … perfect weather out here. Someone—if it’s a 
rupture, someone’s going to notice that, you know, and smell it.” The visual confirmation of the 
leak did not occur until 11:17 a.m. on July 26. In the absence of that confirmation from a person 
located in Marshall, control center personnel discounted the possibility of a leak, largely because 
no external confirmation of a leak was present. Thus, the absence of information on a leak led to 
the belief that there was no leak, and that some other phenomenon, yet unrecognized, was 
causing the column separation.  

Moreover, there was no evidence that any member of the control center staff sought to 
obtain information from anyone in the Marshall vicinity to verify the presence of a leak. Rather 
than actively soliciting information from sources in the Marshall area, the control center staff 
continued their erroneous decision-making by misinterpreting the absence of notifications from 
the Marshall community as actual information that there was no leak. In contrast, the first 
responders to the scene at Marshall, who were dispatched with knowledge of possible gas odors, 
actively sought information about a gas leak. Upon finding none, they believed that there was no 
leak, despite the fact that they detected but could not identify the type of strong odors present in 
the area. Their error of responding only to a gas leak and not considering other possibilities 
differs from the control center staff’s error of using the lack of external notifications as support 
for a belief that Line 6B was experiencing a column separation. 

Therefore, the NTSB concludes that Enbridge control center staff misinterpreted the 
absence of external notifications as evidence that Line 6B had not ruptured.  

The combination of procedural gaps, the failure to use available leak indications, and the 
misinterpretation of the lack of external notifications added to the control center staff’s inability 
to recognize the rupture. Therefore, the NTSB recommends that Enbridge incorporate changes to 
its leak detection processes to ensure that accurate leak detection coverage is maintained during 
transient operations, including pipeline shutdown, pipeline startup, and column separation. 
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2.6.4 Tolerance for Procedural Deviance 

Before this accident, Enbridge managers were confident that any pipeline leak that 
occurred would have limited consequences because the company had restricted pipeline 
operations to no more than 10 minutes when MBS alarms could not be resolved. This restriction 
derived from the company’s experience in the 1991 Grand Rapids, Minnesota, accident and its 
determination that even with a pipeline rupture, 10 minutes of operating time would limit the 
product flow to controllable amounts.  

However, control center staff did not comply with the 10-minute restriction twice on 
July 26, as shown by the two startups. One Enbridge control center operator told NTSB 
investigators that staff had become accustomed to exceeding the 10-minute restriction. Because 
the MBS alarms often were attributed to column separation, an operator could attempt to pump 
additional oil into the pipeline to restore pressure and bring the columns together, even if the 
process exceeded 10 minutes.  

Research into the Space Shuttle Challenger accident demonstrated that, in complex 
systems, technical personnel can allow a “culture of deviance” to develop.126

A similar culture of deviance appears to have developed in the Enbridge control center as 
control center operators, shift leads, and their supervisors believed that it was acceptable to not 
adhere to the 10-minute restriction when given the “right” circumstances. No system can operate 
safely when a culture of deviance from procedural adherence has become the norm, as the 
evidence suggests occurred in the Enbridge control center. Therefore, the NTSB concludes that 
although Enbridge had procedures that required a pipeline shutdown after 10 minutes of 
uncertain operational status, Enbridge control center staff had developed a culture that accepted 
not adhering to the procedures. 

 A researcher 
observed in that accident that an early decision to continue shuttle operations in violation of 
requirements cultivated an operating culture in which not adhering to requirements became the 
norm. Decisions made thereafter made it easier for shuttle personnel to avoid adhering to other 
requirements, thus “normalizing” the deviation from technical requirements. Ultimately, a 
culture of deviance from technical requirements became the operating culture of shuttle 
personnel.  

2.6.5 Alcohol and Drug Testing 

Enbridge did not act in accordance with 49 CFR 199.225(2)(i), which places an 8-hour 
time limit on postaccident alcohol testing. Specifically, specimens for alcohol testing were 
collected for shifts A, B, and C on the morning of July 27 and about noon on July 28; however, 
the specimens should have been collected in accordance with PHMSA’s regulation of 8 hours by 
the evening of July 26 following the confirmation of the pipeline rupture. Enbridge did not 
provide PHMSA with an explanation for its noncompliance, but a control center supervisor told 
NTSB investigators that the delay occurred because the rupture was not confirmed and because 
staff had left the control center after their duty assignment. The NTSB believes that Enbridge had 
                                                 

126 D. Vaughan, The Challenger Launch Decision: Risky Technology, Culture, and Deviance at NASA 
(Chicago: The University of Chicago Press, 1996). 
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adequate knowledge of the rupture and time to collect the specimens. Further, the NTSB believes 
that Enbridge ignored key personnel for testing, such as MBS analysts and on-call supervisors, 
who played critical roles in the Line 6B operations during the accident. Enbridge’s postaccident 
drug testing, however, was in accordance with PHMSA’s regulation of 32 hours. The results of 
the drug tests were negative. Therefore, the NTSB concludes that insufficient information was 
available from the postaccident alcohol testing; however, the postaccident drug testing showed 
that use of illegal drugs was not a factor in the accident.  

In its investigation of the 2010 San Bruno pipeline accident, the NTSB learned that 
PG&E did not conduct postaccident alcohol testing within the required time limit and failed to 
provide PHMSA with an explanation for its actions. As a result, the NTSB issued two 
recommendations to PHMSA. The first, Safety Recommendation P-11-12, urged PHMSA to 
amend 49 CFR 199.105 and 49 CFR 199.225 to eliminate operator discretion with regard to 
testing of covered employees. The revised regulation should require drug and alcohol testing of 
each employee whose performance either contributed to the accident or cannot be 
completely discounted as a contributing factor to the accident. The second, Safety 
Recommendation P-11-13, urged PHMSA to issue guidance to pipeline operating companies 
regarding postaccident alcohol and drug testing.  

In an April 24, 2012, letter addressing PHMSA’s actions in response to these safety 
recommendations, the NTSB stated that it understood that PHSMA was reviewing its legal 
authority and policy to clarify the regulatory language identified in 49 CFR 199.105(b) and 
199.225(a)(1). After it completes its discussions with the U.S. Secretary of Transportation, 
PHSMA will clarify the regulations as needed. Pending receipt of PHSMA’s intended course of 
action, Safety Recommendation P-11-12 was classified “Open—Acceptable Response.” Because 
PHMSA issued Advisory Bulletin 2012-02 on February 23, 2012, which provided immediate 
guidance on the need for postaccident drug and alcohol testing and listed the employees covered 
by the rule, Safety Recommendation P-11-13 was classified “Closed—Acceptable Action.” 
Because there is still pending action by PHMSA, no recommendation is required to correct 
Enbridge’s deficiencies in alcohol and drug testing. 

2.6.6 Work/Sleep/Wake History 

The shift leads, MBS analysts, and operators involved in this accident normally worked 
12-hour schedules that rotated between the day and the night shifts. That is, they worked 2 days 
followed by 3 nights, or 3 nights followed by 2 days, with on-duty periods beginning at either 
8:00 a.m. or 8:00 p.m.127

                                                 
127 These times are expressed in eastern daylight time for the report; 8:00 a.m. and 8:00 p.m. eastern daylight 

time are 6:00 a.m. and 6:00 p.m. local Edmonton time, respectively. 

 Procedures were in place to prevent someone from switching directly 
from one shift schedule to another without having at least 24 hours off duty. With such a 
schedule, staff were assured of 3 to 5 successive days off following completion of the fifth 
on-duty period. Operator A1 had worked 4 days in a row and was scheduled to work the night 
shift on July 26. The Line 6B operators, the MBS analyst, and the shift leads on duty during shift 
B had maintained a regular night schedule since at least July 23.  
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Thus, with the exception of MBS analyst A, who had been off duty the 4 days before the 
accident, all of the Line 6B control center operators, MBS analysts, and shift leads had 
maintained regular work schedules for at least the 2 days or nights prior to the accident. 
However, detailed information regarding their actual sleep and wake times, as well as non-work 
activities, was not available.  

2.7 Pipeline Public Awareness 

Firefighters were dispatched to investigate an outdoor odor in response to a 911 call 
received on the evening of July 25. The caller to 911 said that there was a strong odor of either 
natural gas or crude oil near the airport along 17 Mile Road. Firefighters searched the area with 
combustible gas indicators and examined nearby industrial business areas and two natural gas 
facilities on Division Drive. The firefighters were unfamiliar with the odors associated with 
crude oil and were unable to identify the source. Over the course of the 14 hours following the 
first call to report the outdoor odor, seven more calls to 911 reported strong natural gas or 
petroleum odors in the same area. The 911 operators repeatedly informed the callers that the fire 
department had been dispatched to investigate the issue, but the 911 operators did not contact the 
pipeline operator or advise the public of health and safety risks. The 911 operators never 
dispatched the fire department in response to the subsequent calls even though these calls 
occurred over several hours, indicating an ongoing problem. The actions of both the first 
responders and the 911 operators are consistent with a phenomenon known as confirmation 
bias,128

The NTSB reviewed Enbridge’s PAP, which was intended to inform the affected public, 
emergency officials, and public officials about pipelines and facilitate their ability to recognize 
and respond to a pipeline rupture. Although RP 1162 requires operators to communicate with 
audiences every 1 to 3 years, Enbridge mailed its public awareness materials to all audiences 
annually. However, even with more frequent mailings, this accident showed that emergency 
officials and the public lacked actionable knowledge. 

 in which decision makers search for evidence consistent with their theories or decisions, 
while discounting contradictory evidence. Although there was evidence available to the first 
responders that something other than natural gas was causing noticeable odors in the Marshall 
area, they discounted that evidence, largely because it contradicted their own findings of no 
natural gas in the area. Similarly, the 911 operators, with the evidence from the first responders 
of no natural gas in the area, discounted subsequent calls regarding the strong odors in the 
Marshall area. Those calls were inconsistent with their own views that the problem causing the 
odors was either nonexistent or had been resolved. Although Enbridge had provided training to 
emergency responders in the Marshall area in February 2010, the firefighters’ actions showed a 
lack of awareness of the nearby crude oil pipeline: they did not search along the Line 6B 
right-of-way, and they did not call Enbridge. The NTSB concludes that had the firefighters 
discovered the ruptured segment of Line 6B and called Enbridge, the two startups of the pipeline 
might not have occurred and the additional volume might not have been pumped.  

                                                 
128 R.S. Nickerson, “Confirmation Bias; A Ubiquitous Phenomenon in Many Guises,” Review of General 

Psychology, vol. 2, no. 2, (1998), pp. 175-220. 
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Public knowledge of pipeline locations and the hazards associated with the materials 
transported is critical for successful recognition and reporting of releases, as well as the safe 
response to pipeline ruptures. The transportation of hazardous materials by pipeline is unlike 
hazardous materials transportation by railroad or highway because a pipeline is a permanent 
fixture. A pipeline presents a unique challenge to awareness because it is often buried. When 
pipeline releases occur, a properly educated public can be the first to recognize and report the 
emergency. 

The NTSB found that Enbridge conducted annual informal assessments and participated 
in the PAPERS survey every 2 years. A review of the 2009 PAPERS survey responses showed 
that of those who responded only 23 percent of the affected public and 47 percent of emergency 
officials responded that they were “very well informed” about pipelines in their community. 
Although the Enbridge program plan stated that effectiveness reviews were to be conducted, no 
specific guidelines or measurements for the evaluations were defined. Enbridge’s failure to have 
a process for using these survey results for improvements demonstrated a lack of commitment to 
improving the quality of its program. Therefore, the NTSB concludes that Enbridge’s review of 
its PAP was ineffective in identifying and correcting deficiencies. The NTSB further concludes 
that had Enbridge operated an effective PAP, local emergency response agencies would have 
been better prepared to respond to early indications of the rupture and may have been able to 
locate the crude oil and notify Enbridge before control center staff tried to start the line.  

In May 2011, Enbridge revised its public awareness plan and created a public awareness 
committee that includes a performance metrics subcommittee. According to the committee 
charter, the committee meets four times a year and is responsible for an annual review of the 
PAP and the program performance measures.  

In July 2011, PHMSA conducted an audit of Enbridge’s PAP. PHMSA identified several 
deficiencies in Enbridge’s program evaluation and effectiveness reviews and required that 
Enbridge correct the deficiencies.  

Although Enbridge and PHMSA have taken these actions, the NTSB is concerned that 
pipeline operators do not provide emergency officials with specific information about their 
pipeline systems. The brochures that Enbridge mailed did not identify its pipeline’s location. 
Instead, the brochures directed the audiences to pipeline markers and to PHMSA’s National 
Pipeline Mapping System. In the NTSB’s 2011 report of the natural gas transmission pipeline 
rupture and fire in San Bruno, California, the NTSB made the following safety recommendation 
to PHMSA: 

Require operators of natural gas transmission and distribution pipelines and 
hazardous liquid pipelines to provide system-specific information about their 
pipeline systems to the emergency response agencies of the communities and 
jurisdictions in which those pipelines are located. This information should include 
pipe diameter, operating pressure, product transported, and potential impact 
radius. (P-11-8) 

In its response letter to the NTSB, PHMSA stated that it had an emergency responder 
forum to identify pipeline emergencies for which emergency responders need to know how to 
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adequately prepare and respond. This safety recommendation was classified “Open—Acceptable 
Response.” Although PHMSA has held the emergency responder forum, no rulemaking has been 
initiated. Therefore, the NTSB reiterates Safety Recommendation P-11-8 to PHMSA. Because 
system-specific pipeline information is critical to the safe response to pipeline incidents, the 
NTSB is also concerned about the emergency officials’ lack of awareness of Enbridge’s pipeline. 
Therefore, the NTSB recommends that the International Association of Fire Chiefs and the 
National Emergency Number Association inform their members about the circumstances of the 
Marshall, Michigan, pipeline accident and urge their members to aggressively and diligently 
gather from pipeline operators system-specific information about the pipeline systems in their 
communities and jurisdictions. 

2.8 Environmental Response 

2.8.1 Effectiveness of the Emergency Response to this Accident 

First responders’ initial containment efforts and tactics proved ineffective in preventing 
substantial quantities of oil from spreading and traveling miles downstream of the rupture. 
Enbridge’s first responders arrived on the scene just as oil was reaching the Kalamazoo River. 
Much of Enbridge’s initial efforts were concerned with the placement of oil containment 
measures downriver of the advancing oil sheen. These oil containment measures were placed 
many miles from the release site; these measures could have been put to better use on 
Talmadge Creek, which was much closer to the release.129

During interviews, first responders said that they were unaware of the scale of the oil 
release; this lack of knowledge contributed to their poor decision-making. The Enbridge crossing 
coordinator, whose crew of four individuals served as the entire team involved in Enbridge’s first 
response effort, told NTSB investigators that the first action the crew took upon locating the 
pipeline rupture site was to travel about 0.25 mile north to the Division Drive crossing where fire 
trucks were stationed. The crossing coordinator saw a large amount of oil flowing on the water 
and decided to follow the creek downstream about 1 to 1 1/2 miles to find the point where there 
was no oil and to install first containment measures there. He said the crew saw a very light oil 
sheen beginning as they placed sorbent boom across the swiftly flowing stream in an attempt to 
funnel oil to a collection point for a vacuum truck. Describing his rationale for installing the 
sorbent boom downriver, he told NTSB investigators that the crew at that time had no idea how 
much oil was released or whether oil would ultimately discharge that far downstream, and he 
suggested that the sorbent booming was a token effort given the few responders that were 
available on scene and the response time for additional personnel. 

 Minimizing the release of oil from the 
source area would have reduced both the exposure risk to citizens living downriver and the 
severity of the environmental pollution resulting from this accident. The large volume of oil that 
escaped the source area also contributed greatly to the estimated $767 million cleanup for this 
accident. Nearly 2 years after the accident, crews are still removing submerged oil and 
contaminated soils miles from the release site. 

                                                 
129 Characteristics of Response Strategies: A Guide for Spill Response Planning in Marine Environments. 
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About 1 hour after the crossing coordinator confirmed the oil spill, the first arriving PLM 
supervisor from Bay City, who acted as the interim Enbridge incident commander, also observed 
the thickly oiled creek at Division Drive. Although the supervisor was aware that the bulk of the 
oil was still upstream near the source area and he observed oil actively flowing through the 
unprotected culvert, he nonetheless focused all of his attention on placement of the majority of 
oil spill response resources about 8.9 miles downstream on the Kalamazoo River ahead of the 
discharge at Heritage Park. 

The decision to ignore the pool of oil upstream of the Division Drive culvert in favor of 
placing containment measures much farther downstream demonstrates a lack of awareness and 
knowledge of the dynamics and consequences of major oil releases and the need for more 
training. Although the first responders did not have the NRC’s estimate of the amount of released 
oil during the initial phase of the response, they observed heavy amounts of oil flowing through 
the culvert pipe. Rather than attempting to stop the oil at the culvert pipe, which was within 
0.25 mile of the source, they decided instead to try to stop the oil at the leading edge of the spill 
downstream. 

The first responders were not alone in failing to recognize better opportunities to contain 
the oil spill. The Federal, state, and local response personnel, and the Enbridge supervisors, who 
arrived later, observed heavy amounts of oil discharging into the creek, yet, building a more 
effective underflow containment dam near the source area was the last strategy attempted on the 
first day of the response. The Bay City PLM supervisor who acted as the interim Enbridge 
incident commander told NTSB investigators that under normal weather conditions, he would 
have ordered the Division Drive culvert pipe completely plugged with earth; however, he 
considered the flow of water to be too great to attempt this action. An underflow dam at the 
culvert pipe would have solved this problem by facilitating a continuous flow of water while at 
the same time retaining much of the oil. 

Regardless of the recent rainfall, opportunities to reduce the downstream impact of the oil 
spill were missed. Even if the volume of oil released was unknown, a more effective approach to 
mitigating the effects of the oil spill with limited resources would have been to focus on 
containing the bulk of the oil as close to the point of release as possible.130

During the 10 years prior to this accident, Enbridge had participated in 2 of the 
26 government-initiated oil spill response drills (in 2003 and 2004) under the National 
Preparedness for Response Exercise Program. PHMSA also participated in these two drills. 
Although the program requires pipeline operators to participate in at least one 

 As a primary 
response, attempting to contain the advancing oil sheen miles downstream of the pipeline rupture 
site— while enormous quantities of oil were flowing through culvert pipes near the 
source area—was not an effective strategy. According to Enbridge’s facility response 
plan, source containment should have been the primary concern of first responders. An 
operating-and-maintenance procedure referenced in the plan states that an attempt must be made 
to confine the product as close to the release source as possible to prevent it from entering a 
major river. 

                                                 
130 Region 5 Regional Contingency Plan/Area Contingency Plan, Section 3.2 Discharge/Release Control 

(U.S. Environmental Protection Agency and U.S. Coast Guard, November 2009). 
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government-initiated drill within a 36-month period, PHMSA has not frequently conducted 
exercises even though it has committed to conducting not more than 20 unannounced 
government-initiated exercises annually. Key Enbridge personnel who participated as first 
responders during the Marshall accident had received training that focused on oil-boom 
deployment and boat-handling for responses in large rivers and creeks. The training did not 
sufficiently address techniques that are appropriate for wetland environments, high water, or 
small creeks with swift moving water.  

Therefore, the NTSB concludes that although Enbridge quickly isolated the ruptured 
segment of Line 6B after receiving a telephone call about the release, Enbridge’s emergency 
response actions during the initial hours following the release were not sufficiently focused on 
source control and demonstrated a lack of awareness and training in the use of effective 
containment methods.  

Workers with spill response duties need to be adequately trained to deploy and operate 
equipment they will actually use in a response and must be able to demonstrate knowledge of 
procedures for mitigating or preventing an oil discharge.131

Enbridge crews primarily deployed sorbent booms in the fast-flowing Talmadge Creek, 
which, according to industry and Federal guidance, is an ineffective method of containing oil 
except in stagnant waters. Sorbent booms are generally used for small spills or as a polishing 
technique to capture sheen escaping from skirted oil booms, not as a principal containment 
method for a large release. Had more effective containment measures been placed at 
strategic locations along Talmadge Creek—such as installing plywood sheet underflow 
dams over the seven culvert pipe stream crossings located between the release site and the 
Kalamazoo River—less oil might have entered the Kalamazoo River. NTSB investigators 
observed that the equipment used to construct underflow structures was not part of Enbridge’s 
response equipment inventory. By chance, several pieces of surplus pipe and earth-moving 
equipment, which had been stored at the Marshall PLM shop for another purpose, were available 
for constructing an earthen underflow dam in the source area. Installing the first earthen 
underflow dam was a difficult and slow process that took all afternoon to complete. 
Nevertheless, first responders told NTSB investigators that using underflow dams was one of the 
major successes in the response to this accident.   

 Therefore, the NTSB recommends 
that Enbridge provide additional training to first responders to ensure that they (1) are aware of 
the best response practices and the potential consequences of oil releases and (2) receive 
practical training in the use of appropriate oil-containment and -recovery methods for all 
potential environmental conditions in the response zones.  

Underflow dams constructed of plywood or other suitable material are easily and quickly 
installed over culvert pipe and would have been a more effective containment strategy to 
minimize the consequences of the release. The Bay City PLM supervisor recognized in 
retrospect that blocking the culvert pipes would likely have proven effective. An EPA training 
exercise held just 2 years earlier in Wood River, Nebraska, involved EPA personnel who 

                                                 
131 Training Reference for Oil Spill Response (U.S. Department of Transportation, U.S. Environmental 

Protection Agency, U.S. Department of the Interior, joint publication, August, 1994). 
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observed the deployment of culvert underflow structures.132

Although culvert pipe underflow dams are recognized as an effective method in these 
conditions, no emergency responders took the initiative to implement this method. Instead, crews 
attempted to contain oil in front of the culverts with skirted oil boom backed up with sorbent 
boom, even after creek water levels had returned to normal. By then, the water level was too 
shallow for skirted oil containment boom to be effective. The skirted oil booms that Enbridge 
had available on its spill response trailers are more suitable for open water response in slow 
flowing and deeper rivers and are less effective in small streams like Talmadge Creek.

 The NTSB postaccident photograph 
of the interior of the culvert pipe at Division Drive shows a thick black band of oil stain several 
inches thick about one-third the height of the pipe, which suggests that conditions would have 
been ideal to install an underflow dam at that location. 

133

Therefore, the NTSB concludes that had Enbridge implemented effective oil containment 
measures for fast-flowing waters, the amount of oil that reached Talmadge Creek and the 
Kalamazoo River could have been reduced.  

 Even 
the Enbridge facility response plan acknowledges that the use of booms is ineffective in fast 
current, shallow water, and steep bank environments. Nonetheless, Enbridge first responders 
were not provided with tools to construct underflow dams or with alternative oil containment 
methods appropriate for the environmental conditions that existed on the day of this accident. 

Enbridge PLM supervisors stated that, as a result of this accident, they have recognized 
the value of having supplies on hand that are not necessarily immediately available elsewhere 
during an emergency. Such supplies might include corrugated metal pipe, plastic pipe, plywood, 
and stone for constructing underflow dams. The environment surrounding each segment of 
pipeline may present different challenges for containing oil in the event of an accident. A 
thorough assessment of potential oil release routes in conjunction with applicable best practices 
should help to identify equipment needs for those areas.  

Therefore, the NTSB recommends that Enbridge review and update its oil pipeline 
emergency response procedures and equipment resources to ensure that appropriate containment 
equipment and methods are available to respond to all environments and at all locations along 
the pipeline to minimize the spread of oil from a pipeline rupture. 

2.8.2 Facility Response Planning 

A facility response plan is supposed to help the pipeline operator develop a response 
organization and ensure the availability of resources needed to respond to an oil release. The plan 
should also identify the response resources that are available in a timely manner, thereby 
reducing the severity and impact of the discharge. 

                                                 
132 Shallow Water Spill Containment and Boom Deployment Training (A Case Study), Platte River 

Whooping Crane Maintenance Trust, Wood River, Nebraska (U.S. Environmental Protection Agency Region 7) 
August 27–28, 2008 <http://www.epa.gov/oem/docs/oil/fss/fss09/campbell.pdf>. 

133 Oil Spill Response in Fast Moving Currents, a Field Guide (Groton, Connecticut: U.S. Coast Guard 
Research and Development Center, October 2001.) 
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2.8.2.1 Regulatory Requirements for Facility Response Planning 

Title 49 CFR 194.115 requires pipeline operators to identify response resources and 
ensure that, either by a contract or other approved means, these resources will be available to 
mitigate a worst-case discharge under the three-tier response criteria. The regulation stops short 
of providing specific guidance for the amount of resources that must arrive at the scene of a 
discharge. In its February 23, 2005, final rule on response plans for onshore 
transportation-related pipelines, PHMSA stated it does not believe that it is necessary to specify 
the amount of response resources; PHMSA allows operators to determine the amount and to 
demonstrate that sufficient response resources are provided for their facility response plans.134

Enbridge has chosen to interpret the Tier 1 requirement as meaning the company 
resources that are stationed at the local PLM facility, while Tier 2 refers to the company 
resources throughout the company’s Chicago region. The amount of company-owned response 
resources provided in the facility response plan is not identified with any basis in capability to 
recover a particular quantity of discharge. According to Enbridge’s interpretation of the 
regulation, its Tier 3 resources, which consisted of two contracted oil spill response 
organizations that are identified as Coast Guard-classified oil spill removal organizations

 
Consequently, pipeline operators are left with vague three-tier response criteria that allow them 
to subjectively define what resources are adequate and that provide no measure for regulators to 
evaluate the sufficiency of spill response planning.   

135

The current PHMSA facility response planning regulation allows operators to interpret 
the requirements, rendering it improbable that PHMSA would be able to perform an adequate 
review of facility response plans or enforce Federal requirements that pipeline operators identify 
and ensure that adequate response resources are available to respond to worst-case discharges. In 
contrast, regulatory requirements for oil spill response capability planning that are administered 
by the Coast Guard

 for 
response to a worst-case discharge, would not be deployed to the scene until 60 hours after a 
discharge. Other pipeline operators may have any number of different interpretations of what 
constitutes resources necessary to remove a worst-case discharge. 

136 and by the EPA137

                                                 
134 Federal Register, vol. 70, no. 35 (February 23, 2005), p. 8734. 

 provide specific response capability standards. For 
instance, both the Coast Guard and EPA regulations provide a matrix for identifying necessary 
resources for facility response planning. These regulations require that resources identified in the 
response plan for meeting the applicable worst-case discharge planning volume must be located 
such that they can arrive on scene within the times specified for the applicable response planning 
tiers. Had the Enbridge pipeline facilities been subject to the EPA or Coast Guard regulations, 
the company would have been required to plan for an on-water recovery of a worst-case 
discharge by ensuring the availability of the resources shown in table 7. 

135 The Coast Guard created the voluntary oil spill removal organization classification program so that plan 
holders could list oil spill removal organizations in response plans in lieu of providing extensive detailed lists of 
response resources if the organization has been classified by the Coast Guard and its capacity has been determined 
to equal or exceed the response capability needed by the plan holder. 

136 Title 33 CFR Part 154, Appendix C. 
137 Title 40 CFR Part 112, Appendix E. 
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Table 7. Response resources for on-water recovery that Enbridge would have been required to 
identify in its facility response plan and have available by contract or other means, had its 
facilities been regulated by the Coast Guard or the EPA. 

 Tier 1 Tier 2 Tier 3 

Time 12 hours 36 hours 60 hours 

Effective daily 
recovery capacity 
(gallons/day) 

78,750a 119,994 180,012 

a For river and canal operating environments, Appendix C caps the Tier 1 response capability at 78,750 gallons per day. 

 

To determine whether an operator has sufficient equipment capacity identified in its 
facility response plan to meet the applicable planning criteria listed in table 5, the Coast Guard 
and EPA regulations require operators to report oil recovery equipment by manufacturer, model, 
and effective daily recovery capacity.138

When accidents occur, the risk of environmental damage can be greater for pipelines than 
for fixed facilities and shipping terminals because pipelines can travel for hundreds of miles and 
response resources may be required at locations that are difficult to predict and can be hard to 
reach. Nonetheless, the Oil Pollution Act of 1990 mandates an equivalent level of response for 
all facilities and vessels that handle oil and petroleum products: the capability to remove a 
worst-case discharge to the maximum extent practicable and to mitigate or prevent a substantial 
threat of a worst-case discharge. PHMSA’s regulations for oil pipeline response planning are 
clearly inferior when compared to similar Coast Guard and EPA requirements. 

 Although pipeline facilities are not required to conduct 
any similar exercise to determine the capacity of their resources to recover oil, PHMSA 
references Coast Guard regulations at 33 CFR Part 154, Appendix C and other regulatory agency 
sources of nonmandatory guidance to assist operators in preparing response plans. No indication 
exists in the Enbridge response plan that the company utilized any such guidance. The NTSB 
concludes that PHMSA’s regulatory requirements for response capability planning do not ensure 
a high level of preparedness equivalent to the more stringent requirements of the Coast Guard 
and the EPA.  

The NTSB concludes that without specific Federal spill response preparedness standards, 
pipeline operators do not have response planning guidance for a worst-case discharge.  

Because the current PHMSA regulation provides no assurance that oil pipeline operators 
will develop adequate facility response plans to provide for response to worst-case discharges, 
the NTSB recommends that PHMSA amend 49 CFR Part 194 to harmonize onshore oil pipeline 
response planning requirements with those of the Coast Guard and the EPA for facilities that 
handle and transport oil and petroleum products to ensure that pipeline operators have adequate 
resources available to respond to worst-case discharges.  

                                                 
138 Coast Guard and EPA regulations provide a formula for calculating effective daily recovery capacity that 

considers potential limitations of oil recovery equipment due to available daylight, weather, sea state, and 
percentage of emulsified oil in the recovered material. 
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Until specific response planning requirements are included in 49 CFR Part 194, the 
NTSB recommends that PHMSA issue an advisory bulletin to notify pipeline operators (1) of the 
circumstances of the Marshall, Michigan, pipeline accident, and (2) of the need to identify 
deficiencies in facility response plans and to update these plans as necessary to conform with the 
nonmandatory guidance for determining and evaluating required response resources as provided 
in Appendix A of 49 CFR Part 194, “Guidelines for the Preparation of Response Plans.” 

2.8.2.2 Adequacy of Enbridge Facility Response Plan 

Enbridge stated that it relied on company-owned resources for Tier 1 and Tier 2 
responses. The facility response plan did not provide any description of the effective daily 
recovery capability of the response equipment in Enbridge’s inventory, leaving a plan reviewer 
unable to determine whether the equipment was adequate for the job. Under both Coast Guard 
and EPA regulations, Enbridge would have been required to quantify its equipment recovery 
capacities to determine whether they were adequate against the three-tier planning criteria. It is 
doubtful that the recovery equipment identified in Enbridge’s facility response plan would have 
been sufficient to satisfy the requirements of either the Tier 1 or the Tier 2 level of Coast Guard 
and EPA oil spill response regulations.  

The EPA reported that Enbridge did not have adequate resources on site to deal with the 
magnitude of the spill and experienced significant difficulty locating necessary resources. The 
facility response plan identified two oil spill response organizations, but neither organization had 
the capability to respond to Marshall, Michigan, in a timely manner. More than 4 hours after it 
became aware of the oil release, Enbridge first contacted Bay West, which launched its resources 
to Marshall more than 5 hours after notification. Bay West finally arrived on scene on July 27, 
after a 10- to 11-hour drive. The other oil spill response organization, Garner Environmental 
Services, Inc. arrived on scene on July 29, 3 days after the spill was reported. By then, it was too 
late for either spill response contractor to mitigate the spread of the oil release.  

The EPA also reported that available local contractors were not used until the EPA 
provided the contact information for local contractors who could respond quickly. Once on 
scene, the Bay City PLM supervisor spent considerable time calling local contractors not 
identified in the facility response plan. In addition, the facility response plan did not indicate that 
prior agreements were in place to ensure that contractors other than Bay West and Garner 
Environmental Services, Inc. had crews and equipment available during an emergency.  

In accordance with 49 CFR 194.115(a),139

                                                 
139 Title 49 CFR 194.115(a) states, “Each operator shall identify and ensure, by contract or other approved 

means, the resources necessary to remove, to the maximum extent practicable, a worst case discharge and to 
mitigate or prevent a substantial threat of a worst case discharge.” 

 pipeline operating companies and response 
contractors or organizations must have a contract or an agreement to identify and ensure the 
availability of specified personnel and equipment within stipulated response times for a specified 
geographic area. Enbridge should have been prepared with local resources on standby to respond 
to an accident because Bay West and Garner Environmental Services, Inc. had told Enbridge that 
they would be unable to respond quickly unless they could use local contractors. If the facility 
response plan had identified sufficient contractor resources near Marshall, Michigan, and these 
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contractor resources had been under contract, the response to the oil spill would have been more 
timely and, therefore, more effective. 

Further, the equipment identified by Enbridge’s facility response plan was more suited to 
ideal weather conditions than to the river conditions that existed in this accident. No provisions 
existed for equipment to construct underflow dams, which were the most effective means of 
containment in this accident.140

In summary, the spill response was hampered by inadequate resources on site; lack of 
spill response organizations under contract near Marshall, Michigan; and use of spill response 
equipment that was not appropriate for the environment and weather conditions. These 
deficiencies were all a result of poor response planning.  

 

PHMSA issued its June 23, 2010, facility response plan advisory bulletin to notify 
pipeline companies of the need to review and update their plans to ensure adequate resources are 
available to comply with emergency response requirements. Enbridge responded that, 5 days 
before the Marshall accident, it had concluded that its plan was complete and appropriate for 
responding to a worst-case discharge. However, Enbridge’s actions following the discovery of 
the oil in Marshall revealed that the plan had not considered all possible operating environments 
and appropriate response methods. PHMSA stated that it plans to include a review of lessons 
learned when it reviews the Enbridge facility response plan due for renewal in 2015 or when 
Enbridge next amends its plan.   

The NTSB concludes that the Enbridge facility response plan did not identify and ensure 
sufficient resources were available for the response to the pipeline release in this accident.  

Therefore, the NTSB recommends that Enbridge update its facility response plan to 
identify adequate resources to respond to and mitigate a worst-case discharge for all weather 
conditions and for all its pipeline locations before the required resubmittal in 2015. 

2.8.2.3 PHMSA Oversight of Facility Response Plans 

PHMSA has a small staff to review and oversee facility response plans when compared to 
other agencies that review plans that are required under the Oil Pollution Act of 1990. PHMSA 
receives on average about two facility response plans per week to review for renewal.141

                                                 
140 As noted earlier, crews found surplus pipe and equipment and took the initiative to construct underflow 

dams, although too late, to contain much of the oil that was released. 

 
PHMSA has 1.5 full-time employees managing about 450 response plans, which is far fewer 
than EPA Region 6, which has 27 employees and contractors reviewing 1,700 plans, or the Coast 
Guard Sector Boston, which assigns 7 or 8 inspectors and trainees to review 45 plans. Therefore, 
PHMSA has dedicated significantly fewer resources to facility response plan review as compared 
to other Federal agencies, which calls into question PHMSA’s ability to conduct adequate 
assessments. 

141 A Volpe draft report indicates that 450 pipeline facility response plans must be reviewed and renewed every 
5 years. PHMSA’s website at <http://phmsa.dot.gov/pipeline/initiatives/opa> reports that 1,500 facility response 
plans have been submitted to PHMSA.  
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Within 2 weeks of receiving the Enbridge facility response plan, PHMSA had approved 
it. With this short turnaround time, only a cursory review of the plan was likely conducted. 
Because no specific regulatory guidance exists to measure the adequacy of the plan for response 
capability, it could be approved only based on the judgment of PHMSA staff. The review of the 
Enbridge facility response plan included a company-submitted, 16-element self-assessment 
affirming the adequacy of the plan. PHMSA’s environmental planning officer was assigned to 
review the questionnaire and the facility response plan to determine whether it met appropriate 
regulatory requirements. The environmental planning officer approved the plan without requiring 
supplemental information or citing any deficiencies in the plan.  

Essentially, the regulations allow the pipeline industry to dictate the requirements of an 
adequate spill response and to determine whether those requirements have been met. The NTSB 
noted that there were no metrics for what was required within a tier and no such activities were 
identified in the plan. Further, neither the regulations nor the plan defined what constitutes 
“enough trained personnel.” 

PHMSA did not perform on-site audits to verify the content and adequacy of plans before 
approving them. In contrast, both the Coast Guard and the EPA conduct on-site audits and plan 
reviews after the initial review and approval of the submitted plan.  

The NTSB concludes that if PHMSA had dedicated the resources necessary and 
conducted a thorough review of the Enbridge facility response plan, it would have disapproved 
the plan because it did not adequately provide for response to a worst-case discharge.  

The Oil Spill Liability Trust Fund, create by Congress in 1986, is currently funded to 
$1 billion from sources such as the Barrel Tax,142

At the time of this accident, PHMSA received an $18.9 million appropriation annually

 transfers from other pollution funds, cost 
recoveries, and penalty collection. PHMSA and other Federal agencies receive annual 
appropriations to cover administrative, operational, personnel, enforcement, and research and 
development costs related to Oil Pollution Act activities. Such activities include regulation and 
enforcement of facility operations and response planning and cooperative relationships with oil 
industry stakeholders, which include periodic drills and implementation of changes to national 
and area contingency plans.  

143 
from the Oil Spill Liability Trust Fund for various expenses necessary to conduct the functions 
of its pipeline safety program, including the facility response planning preparedness program, 
which consists of 1.5 full-time positions. In 2008, PHMSA received about $1.5 million more 
from the fund than the EPA,144

                                                 
142 Section 405(a) of the Energy Improvement and Extension Act of 2008, Public Law 110-343, div. B, 

extended the per-barrel excise tax of $0.08 a barrel for petroleum products produced or imported into the 
United States through 2017. 

 yet the EPA operates a significantly more robust facility response 
plan program that includes on-site audits and exercises.  

143 Pipeline and Hazardous Materials Safety Administration Budget Estimates, Fiscal Year 2012, p. 50. 
144 Oil Spill Liability Trust Fund Annual Report Fiscal Year 2004–Fiscal Year 2008, National Pollution Funds 

Center, U.S. Department of Homeland Security, U.S. Coast Guard. 
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Therefore, the NTSB recommends that the U.S. Secretary of Transportation audit 
PHMSA’s onshore pipeline facility response plan program’s business practices, including 
reviews of response plans and drill programs, and take appropriate action to correct deficiencies. 
The NTSB further recommends that the U.S. Secretary of Transportation allocate sufficient 
resources as necessary to ensure that PHMSA’s onshore pipeline facility response plan program 
meets all of the requirements of the Oil Pollution Act of 1990. 

2.9 Summary of Enbridge Organizational Deficiencies 

To evaluate the role of Enbridge in this accident, the NTSB’s investigation focused 
primarily on the Line 6B operations before, during, and after the rupture. During the 
investigation, major deficiencies of the company emerged, as discussed in previous sections of 
this report. These deficiencies led to the rupture, exacerbated its results, and then failed to 
mitigate its effects. These deficiencies include the following: 

• Enbridge’s integrity management program had numerous deficiencies that resulted in 
Enbridge not repairing a detected feature on a pipeline susceptible to corrosion and 
cracking because of its failed coating. 

• Enbridge’s PAP failed to effectively inform the affected public, which included 
citizens and emergency response agencies, about the location of its pipeline, of the 
key indicators of unintended product releases from the pipeline, and how to report 
suspected product releases.   

• Despite the availability of the information necessary for a correct interpretation, 
Enbridge’s control center staff misinterpreted the rupture and started the pipeline 
twice during the 17 hours it took to identify the rupture.  

• Enbridge’s postaccident response failed to either slow or stop the flow of the released 
oil into a major waterway. 

Although these deficiencies involved different elements of Enbridge’s operations, and 
may appear unrelated, taken together they suggest a systemic deficiency in the company’s 
approach to safety. Each of the following identified deficiencies, either individually or together, 
played a part in the accident: 

• Enbridge’s response to past integrity management related accidents focused only on 
the proximate cause, without a systematic examination of company actions, policies, 
and procedures that may have been involved. 

• An integrity management program that, in the absence of clear regulatory guidelines, 
consistently chose a less-than-conservative approach to pipeline safety margins for 
crack features. 

• A period of rapid growth in control center activities and personnel occurred without 
an objective assessment of the safety implications of the growth.  

• A leak-detection process that was prone to misinterpretation and differing 
expectations of control center analysts and operators. 
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Taken together, the evidence suggests that the Marshall accident was the result not of 
isolated deficiencies in the company’s integrity management system, its control center oversight, 
its PAP, or its postaccident emergency response activities, but rather of an approach to safety 
that did not adequately address the combined risks. By focusing on only the immediate cause of 
each incident, the company failed to look for and to determine patterns or underlying factors. 
Some of the underlying factors in this accident began many years earlier and converged with 
more recent changes only at the time of rupture.  

Enbridge became increasingly tolerant of the procedural violations designed to minimize 
the adverse consequences of a rupture. Finally, Enbridge’s emergency response to this accident 
was ineffective because it failed to stop hundreds of thousands of gallons of oil from entering the 
Kalamazoo River. 

Enbridge insufficiently assessed pipeline defects for excavation and remediation to 
prevent flaws from becoming cracks that resulted in a rupture, inadequately prepared its control 
center staff to identify the ruptured pipeline, and inadequately prepared communities adjacent to 
pipelines to contain leaks that occurred in the lines. Enbridge also inadequately prepared its first 
responders to contain a major spill.  

Therefore, the NTSB concludes that Enbridge’s failure to exercise effective oversight of 
pipeline integrity and control center operations, implement an effective PAP, and implement an 
adequate postaccident response were organizational failures that resulted in the accident and 
increased its severity.  

Although Enbridge met PHMSA regulations in its pipeline operations, the evidence 
indicates that the company had multiple opportunities to identify and to address safety hazards 
before this accident occurred, but it failed to do so. Even the response to a safety culture 
assessment conducted following the Clearbrook, Minnesota, accident in 2007,145

Enbridge’s safety program focused on the welfare of individuals in the work 
environment, but it did not consider the safety of operational processes, such as control center 
operations and integrity management. Previous accidents in other industries and transportation 
modes have revealed this organizational deficiency—that is, instituting safety programs that 

 which resulted 
in the creation of the position of director of safety culture, was insufficient. This director was 
tasked only with examining field safety of pipeline operations. Although Enbridge had 
implemented what it referred to as a health and safety management system, the system only 
partially met the standards of an SMS. For example, it addressed only on-site safety, not pipeline 
operations. Control center errors were identified as employee-caused and were not considered 
system deficiencies, contrary to SMS guidelines. Had the company implemented and maintained 
a comprehensive SMS, it would have focused not only on field operations safety, but also would 
have incorporated control center operations, pipeline integrity management, and postaccident 
response plans and a comprehensive continuous examination of the safety of pipeline operations. 

                                                 
145 Enbridge Energy Partners, L.P. 34″-Line No. 3, Milepost 912; Clearwater County, Minnesota, 

November 28, 2007, Accident Report, prepared by the Pipeline and Hazardous Materials Safety Administration, 
Office of Pipeline Safety, Central Region Office and the Minnesota Department of Public Safety, Fire Marshall’s 
Office, Office of Pipeline Safety. The NTSB delegated this accident investigation; the pipeline accident number is 
DCA-08-FP-003. 



NTSB Pipeline Accident Report 

116 

address only personal safety, not operational system safety. For example, in its investigation of 
the March 23, 2005, explosion and fire in a chemical refinery, which killed 15 people and injured 
80, the U.S. Chemical Safety and Hazard Investigation Board noted that British Petroleum had 
focused on the personal safety of employees and not on the process safety of its operations. The 
investigation report146

Also, in its investigation of the June 22, 2009, collision of two Washington Metropolitan 
Area Transit Authority trains, where 9 people were killed and 52 injured, the NTSB observed a 
deficient organizational safety culture, stating in its report,

 stated, “As personal injury safety statistics improved, [British Petroleum] 
Group executives stated that they thought safety performance was headed in the right direction. 
At the same time, process safety performance continued to decline at Texas City.” 

147

In recent years, several transportation modes have implemented SMSs to enhance the 
safety of their operations, and the NTSB has consistently supported these activities. The NTSB 
has advocated the implementation of SMSs in transportation systems by elevating SMSs to its 
Most Wanted List. However, the NTSB has not called for an SMS in pipeline operations. This 
Marshall accident and the 2010 pipeline accident in San Bruno, California, indicate that SMSs 
are needed to enhance the safety of pipeline operations. 

 “The NTSB is concerned that 
[Washington Metropolitan Area Transit Authority] senior management may have placed too 
much emphasis on investigating events such as station and escalator injuries to the exclusion of 
passenger safety during transit.” 

Both the San Bruno accident and the Marshall accident involved errors at the 
management and operator levels in both pipeline integrity and control center operations. The 
delays in recognizing and responding to the pipeline rupture and the deficiencies in control 
center team performance were prominent aspects of both accidents. 

SMSs continuously identify, address, and monitor threats to the safety of company 
operations by doing the following: 

• Proactively addressing safety issues before they become incidents or accidents. 

• Documenting safety procedures and requiring strict adherence to the procedures by 
safety personnel. 

• Treating operator errors as system deficiencies and not as reasons to punish and 
intimidate operators. 

• Requiring senior company management to commit to operational safety.  

• Identifying personnel responsible for safety initiatives and oversight. 

• Implementing a nonpunitive method for employees to report safety hazards. 

                                                 
146 Refinery Fire and Explosion, BP, Texas City, Texas, March 23, 2005, Report No. 2005-04-I-TX 

(Washington, D.C.: U.S. Chemical Safety and Hazard Investigation Board, 2007), p. 144. 
147 Collision of Two Washington Metropolitan Area Transit Authority Metrorail Trains Near Fort Totten 

Station, Washington, D.C., June 22, 2009, Railroad Accident Report NTSB/RAR-10/02 (Washington, D.C.: 
National Transportation Safety Board, 2010). 
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• Continuously identifying and addressing risks in all safety-critical aspects of 
operations. 

• Providing safety assurance by regularly evaluating (or auditing) operations to identify 
and address risks. 

The evidence from this accident and from the San Bruno accident indicates that company 
oversight of pipeline control center management and operator performance was deficient. In both 
cases, pipeline ruptures were inadequately identified and delays in identifying and responding to 
the leaks exacerbated the consequences of the initial pipeline ruptures.  

Therefore, the NTSB concludes that pipeline safety would be enhanced if pipeline 
companies implemented SMSs. 

The API facilitates the development and maintenance of national consensus standards for 
the petroleum and petrochemical industry, including liquid and gas pipelines. In 1990, the API 
published API RP 750, Management of Process Hazards, which is an SMS for the refining and 
chemical industries. 

Because of the improvements to safety that accrue from the use of a comprehensive SMS, 
the NTSB recommends that the API facilitate the development of an SMS standard specific to 
the pipeline industry that is similar in scope to the API’s RP 750, Management of Process 
Hazards. The development should follow established American National Standards Institute 
requirements for standard development. 
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3 Conclusions 

3.1 Findings 

1. The following were not factors in this accident: cathodic protection, microbial corrosion, 
internal corrosion, transportation-induced metal fatigue, third-party damage, and pipe 
manufacturing defects. 

2. Insufficient information was available from the postaccident alcohol testing; however, the 
postaccident drug testing showed that use of illegal drugs was not a factor in the accident. 

3. The Line 6B segment ruptured under normal operating pressure due to corrosion fatigue 
cracks that grew and coalesced from multiple stress corrosion cracks, which had initiated in 
areas of external corrosion beneath the disbonded polyethylene tape coating. 

4. Title 49 Code of Federal Regulations (CFR) 195.452(h) does not provide clear requirements 
regarding when to repair and when to remediate pipeline defects and inadequately defines the 
requirements for assessing the effect on pipeline integrity when either crack defects or cracks 
and corrosion are simultaneously present in the pipeline. 

5. The Pipeline and Hazardous Materials Safety Administration (PHMSA) failed to pursue 
findings from previous inspections and did not require Enbridge Incorporated (Enbridge) to 
excavate pipe segments with injurious crack defects. 

6. Enbridge’s delayed reporting of the “discovery of condition” by more than 460 days 
indicates that Enbridge’s interpretation of the current regulation delayed the repair of the 
pipeline. 

7. Enbridge’s integrity management program was inadequate because it did not consider the 
following: a sufficient margin of safety, appropriate wall thickness, tool tolerances, use of a 
continuous reassessment approach to incorporate lessons learned, the effects of corrosion on 
crack depth sizing, and accelerated crack growth rates due to corrosion fatigue on corroded 
pipe with a failed coating. 

8. To improve pipeline safety, a uniform and systematic approach in evaluating data for various 
types of in-line inspection tools is necessary to determine the effect of the interaction of 
various threats to a pipeline. 

9. Pipeline operators should not wait until PHMSA promulgates revisions to 49 CFR 195.452 
before taking action to improve pipeline safety.  

10. PII Pipeline Solutions’ analysis of the 2005 in-line inspection data for the Line 6B segment 
that ruptured mischaracterized crack defects, which resulted in Enbridge not evaluating them 
as crack-field defects. 
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11. The ineffective performance of control center staff led them to misinterpret the rupture as a 
column separation, which led them to attempt two subsequent startups of the line. 

12. Enbridge failed to train control center staff in team performance, thereby inadequately 
preparing the control center staff to perform effectively as a team when effective team 
performance was most needed. 

13. Enbridge failed to ensure that all control center staff had adequate knowledge, skills, and 
abilities to recognize and address pipeline leaks, and their limited exposure to meaningful 
leak recognition training diminished their ability to correctly identify the cause of the 
Material Balance System (MBS) alarms. 

14. The Enbridge control center and MBS procedures for leak detection alarms and identification 
did not fully address the potential for leaks during shutdown and startup, and Enbridge 
management did not prohibit control center staff from using unapproved procedures.  

15. Enbridge’s control center staff placed a greater emphasis on the MBS analyst’s flawed 
interpretation of the leak detection system’s alarms than it did on reliable indications of a 
leak, such as zero pressure, despite known limitations of the leak detection system. 

16. Enbridge control center staff misinterpreted the absence of external notifications as evidence 
that Line 6B had not ruptured. 

17. Although Enbridge had procedures that required a pipeline shutdown after 10 minutes of 
uncertain operational status, Enbridge control center staff had developed a culture that 
accepted not adhering to the procedures. 

18. Enbridge’s review of its public awareness program was ineffective in identifying and 
correcting deficiencies.  

19. Had Enbridge operated an effective public awareness program, local emergency response 
agencies would have been better prepared to respond to early indications of the rupture and 
may have been able to locate the crude oil and notify Enbridge before control center staff 
tried to start the line.  

20. Had the firefighters discovered the ruptured segment of Line 6B and called Enbridge, the two 
startups of the pipeline might not have occurred and the additional volume might not have 
been pumped.  

21. Although Enbridge quickly isolated the ruptured segment of Line 6B after receiving a 
telephone call about the release, Enbridge’s emergency response actions during the initial 
hours following the release were not sufficiently focused on source control and demonstrated 
a lack of awareness and training in the use of effective containment methods. 

22. Had Enbridge implemented effective oil containment measures for fast-flowing waters, the 
amount of oil that reached Talmadge Creek and the Kalamazoo River could have been 
reduced. 
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23. PHMSA’s regulatory requirements for response capability planning do not ensure a high 
level of preparedness equivalent to the more stringent requirements of the U.S. Coast Guard 
and the U.S. Environmental Protection Agency. 

24. Without specific Federal spill response preparedness standards, pipeline operators do not 
have response planning guidance for a worst-case discharge. 

25. The Enbridge facility response plan did not identify and ensure sufficient resources were 
available for the response to the pipeline release in this accident. 

26. If PHMSA had dedicated the resources necessary and conducted a thorough review of the 
Enbridge facility response plan, it would have disapproved the plan because it did not 
adequately provide for response to a worst-case discharge. 

27. Enbridge’s failure to exercise effective oversight of pipeline integrity and control center 
operations, implement an effective public awareness program, and implement an adequate 
postaccident response were organizational failures that resulted in the accident and increased 
its severity. 

28. Pipeline safety would be enhanced if pipeline companies implemented safety management 
systems. 
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3.2 Probable Cause 

The National Transportation Safety Board (NTSB) determines that the probable cause of 
the pipeline rupture was corrosion fatigue cracks that grew and coalesced from crack and 
corrosion defects under disbonded polyethylene tape coating, producing a substantial crude oil 
release that went undetected by the control center for over 17 hours. The rupture and prolonged 
release were made possible by pervasive organizational failures at Enbridge Incorporated 
(Enbridge) that included the following: 

• Deficient integrity management procedures, which allowed well-documented crack 
defects in corroded areas to propagate until the pipeline failed. 

• Inadequate training of control center personnel, which allowed the rupture to remain 
undetected for 17 hours and through two startups of the pipeline. 

• Insufficient public awareness and education, which allowed the release to continue 
for nearly 14 hours after the first notification of an odor to local emergency response 
agencies. 

Contributing to the accident was the Pipeline and Hazardous Materials Safety 
Administration’s (PHMSA) weak regulation for assessing and repairing crack indications, as 
well as PHMSA’s ineffective oversight of pipeline integrity management programs, control 
center procedures, and public awareness.  

Contributing to the severity of the environmental consequences were (1) Enbridge’s 
failure to identify and ensure the availability of well-trained emergency responders with 
sufficient response resources, (2) PHMSA’s lack of regulatory guidance for pipeline facility 
response planning, and (3) PHMSA’s limited oversight of pipeline emergency preparedness that 
led to the approval of a deficient facility response plan. 
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4 Recommendations 

4.1 New Recommendations 

To the U.S. Secretary of Transportation: 

Audit the Pipeline and Hazardous Materials Safety Administration’s onshore 
pipeline facility response plan program’s business practices, including reviews of 
response plans and drill programs, and take appropriate action to correct 
deficiencies. (P-12-1) 

Allocate sufficient resources as necessary to ensure that the Pipeline and 
Hazardous Materials Safety Administration’s onshore pipeline facility response 
plan program meets all of the requirements of the Oil Pollution Act of 1990.  
(P-12-2) 

To the Pipeline and Hazardous Materials Safety Administration: 

Revise Title 49 Code of Federal Regulations 195.452 to clearly state (1) when an 
engineering assessment of crack defects, including environmentally assisted 
cracks, must be performed; (2) the acceptable methods for performing these 
engineering assessments, including the assessment of cracks coinciding with 
corrosion with a safety factor that considers the uncertainties associated with 
sizing of crack defects; (3) criteria for determining when a probable crack defect 
in a pipeline segment must be excavated and time limits for completing those 
excavations; (4) pressure restriction limits for crack defects that are not excavated 
by the required date; and (5) acceptable methods for determining crack growth for 
any cracks allowed to remain in the pipe, including growth caused by fatigue, 
corrosion fatigue, or stress corrosion cracking as applicable. (P-12-3) 

Revise Title 49 Code of Federal Regulations 195.452(h)(2), the “discovery of 
condition,” to require, in cases where a determination about pipeline threats has 
not been obtained within 180 days following the date of inspection, that pipeline 
operators notify the Pipeline and Hazardous Materials Safety Administration and 
provide an expected date when adequate information will become available.  
(P-12-4) 

Conduct a comprehensive inspection of Enbridge Incorporated’s integrity 
management program after it is revised in accordance with Safety 
Recommendation P-12-11. (P-12-5) 

Issue an advisory bulletin to all hazardous liquid and natural gas 
pipeline operators describing the circumstances of the accident in Marshall, 
Michigan—including the deficiencies observed in Enbridge Incorporated’s 
integrity management program—and ask them to take appropriate action to 
eliminate similar deficiencies. (P-12-6) 
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Develop requirements for team training of control center staff involved in pipeline 
operations similar to those used in other transportation modes. (P-12-7) 

Extend operator qualification requirements in Title 49 Code of Federal 
Regulations Part 195 Subpart G to all hazardous liquid and gas transmission 
control center staff involved in pipeline operational decisions. (P-12-8) 

Amend Title 49 Code of Federal Regulations Part 194 to harmonize onshore oil 
pipeline response planning requirements with those of the U.S. Coast Guard and 
the U.S. Environmental Protection Agency for facilities that handle and transport 
oil and petroleum products to ensure that pipeline operators have adequate 
resources available to respond to worst-case discharges. (P-12-9) 

Issue an advisory bulletin to notify pipeline operators (1) of the circumstances of 
the Marshall, Michigan, pipeline accident, and (2) of the need to identify 
deficiencies in facility response plans and to update these plans as necessary to 
conform with the nonmandatory guidance for determining and evaluating required 
response resources as provided in Appendix A of Title 49 Code of Federal 
Regulations Part 194, “Guidelines for the Preparation of Response Plans.”  
(P-12-10) 

To Enbridge Incorporated: 

Revise your integrity management program to ensure the integrity of your 
hazardous liquid pipelines as follows: (1) implement, as part of the excavation 
selection process, a safety margin that conservatively takes into account the 
uncertainties associated with the sizing of crack defects from in-line inspections; 
(2) implement procedures that apply a continuous reassessment approach to 
immediately incorporate any new relevant information as it becomes available 
and reevaluate the integrity of all pipelines within the program; (3) develop and 
implement a methodology that includes local corrosion wall loss in addition to the 
crack depth when performing engineering assessments of crack defects coincident 
with areas of corrosion; and (4) develop and implement a corrosion fatigue model 
for pipelines under cyclic loading that estimates growth rates for cracks that 
coincide with areas of corrosion when determining reinspection intervals.  
(P-12-11) 

Establish a program to train control center staff as teams, semiannually, in the 
recognition of and response to emergency and unexpected conditions that includes 
supervisory control and data acquisition system indications and Material Balance 
System software. (P-12-12) 

Incorporate changes to your leak detection processes to ensure that accurate leak 
detection coverage is maintained during transient operations, including pipeline 
shutdown, pipeline startup, and column separation. (P-12-13) 
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Provide additional training to first responders to ensure that they (1) are aware of 
the best response practices and the potential consequences of oil releases 
and (2) receive practical training in the use of appropriate oil-containment and 
-recovery methods for all potential environmental conditions in the response 
zones. (P-12-14) 

Review and update your oil pipeline emergency response procedures and 
equipment resources to ensure that appropriate containment equipment and 
methods are available to respond to all environments and at all locations along the 
pipeline to minimize the spread of oil from a pipeline rupture. (P-12-15) 

Update your facility response plan to identify adequate resources to respond to 
and mitigate a worst-case discharge for all weather conditions and for all your 
pipeline locations before the required resubmittal in 2015. (P-12-16) 

To the American Petroleum Institute: 

Facilitate the development of a safety management system standard specific to the 
pipeline industry that is similar in scope to your Recommended Practice 750, 
Management of Process Hazards. The development should follow established 
American National Standards Institute requirements for standard development. 
(P-12-17) 

To the Pipeline Research Council International: 

Conduct a review of various in-line inspection tools and technologies—including, 
but not limited to, tool tolerance, the probability of detection, and the probability 
of identification—and provide a model with detailed step-by-step procedures to 
pipeline operators for evaluating the effect of interacting corrosion and crack 
threats on the integrity of pipelines. (P-12-18) 

To the International Association of Fire Chiefs and the National Emergency 
Number Association: 

Inform your members about the circumstances of the Marshall, Michigan, 
pipeline accident and urge your members to aggressively and diligently gather 
from pipeline operators system-specific information about the pipeline systems in 
their communities and jurisdictions. (P-12-19) 

4.2 Reiterated Recommendation 

As a result of this accident investigation, the National Transportation Safety Board 
reiterates the following previously issued safety recommendation: 

Require operators of natural gas transmission and distribution pipelines and 
hazardous liquid pipelines to provide system-specific information about their 
pipeline systems to the emergency response agencies of the communities and 
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jurisdictions in which those pipelines are located. This information should include 
pipe diameter, operating pressure, product transported, and potential impact 
radius. (P-11-8) 
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5 Appendixes 

5.1 Appendix A: Investigation 

The National Response Center was notified about the Enbridge Incorporated (Enbridge) 
Line 6B rupture and release of crude oil in Marshall, Michigan, on July 26, 2010, at 1:33 p.m. 
The Pipeline and Hazardous Materials Safety Administration (PHMSA) notified the National 
Transportation Safety Board (NTSB) about the accident about 8:30 a.m., eastern daylight time, 
on July 27, 2010. The investigator-in-charge and other investigative team members were 
launched from the NTSB’s Washington, D.C., headquarters office to Marshall, Michigan; 
another investigator was launched to the Enbridge control center in Edmonton, Alberta, Canada. 
Due to the severity of the accident, additional investigators were sent to Marshall from 
headquarters; another team member was launched from Jacksonville, Florida, to assist with the 
environmental response investigation. Chairman Deborah A.P. Hersman was the Board Member 
on scene. Investigative groups were formed to study integrity management, materials, control 
center operations, environmental response, emergency response, and human performance issues. 

Parties to the investigation were PHMSA, Enbridge, PII Pipeline Solutions, and the 
U.S. Environmental Protection Agency. 
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5.2 Appendix B: Enbridge’s MBS and Control Center Operations 
Procedures 

MBS Procedure for Examining MBS Alarms 
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Control Center Procedure for Suspected Column Separation 

 



NTSB Pipeline Accident Report 

133 

Control Center Procedure for Column Separation–Draft Procedure Used on July 26, 2010 
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Control Center Procedure for MBS Leak Alarm 
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Control Center Procedure for MBS Leak Alarm–Analysis by MBS Support 
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Control Center Procedure for MBS Leak Alarm–Temporary Alarm 
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Control Center Procedure for MBS Leak Alarm–Valid Alarm 
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Control Center Procedure for Leak Triggers From SCADA Data 
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Control Center Procedure for Suspected Leak–Pipeline–From SCADA Data 
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Control Center Procedure for Confirmed Leak–Pipeline–SCADA or CMT Data 
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Control Center Procedure for Abnormal Operating Conditions 
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Control Center Procedure for Unknown Alarm or Non Defined Procedure to an Alarm 
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Control Center Procedure for Suspected Leak–Pipeline from CMT Volume Difference 
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Control Center Procedure for Leak and Obstruction Triggers–On Pipeline Startup from SCADA 
Data 
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5.3 Appendix C: Supervisory Control and Data Acquisition Plots 

SCADA Discharge Pressure Recorded at the Time of Rupture 
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SCADA Suction Pressure Recorded at the Time of Rupture 
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SCADA Pressure and Volumes Pumped—Startup One 
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SCADA Pressure and Volumes Pumped—Startup Two 
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