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1. Introduction

In an ideal world, the fate of the Trans Mountain Expansion Project ultimately rests on
the proponent’s ability to prove it can safely transport dilbit from the oil sands in Northern
Alberta to its markets, via pipeline and tanker, with socially tolerable levels of negative
environmental impact. While this review process does not include an examination of the
upstream and downstream effect of the proponent’s project on net green house gas emissions, a
crucial metric for determining any project’s environmental impact, it does include an
examination of the “potential environmental and socio-economic effects of marine shipping
activities that would result from the proposed Project, including the potential effects of accidents
or malfunctions that may occur.”

The proponent’s project would see increased marine traffic from the Westridge Marine
Terminal increase to upwards of 34 Aframax tankers per month." These tankers would follow a
route that would bring them directly along the coast of the riding I represent in Parliament,
Saanich—GQGulf Islands. This increased marine traffic would see unprecedented numbers of
tankers snaking through Boundary Pass and Turn Point and continuing through the Haro Strait
before turning into the Juan de Fuca Strait. A spill anywhere along this stretch would empty the
contents of these tankers onto the shores of my constituents. I am therefore required in my duty
as a representative of my constituents to ask certain questions regarding this project. What are
the potential economic and environmental effects of the increased marine traffic associated with
this project? What is the likelihood that a spill would take place given the increase of marine
traffic? What would be the impact of such a spill on the environment and economy of my riding?

Is the spill response regime in place sufficient to mitigate the most harmful effects of such a

' Trans Mountain Expansion Project Voume 8A, Section 1.2
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devastating spill? To this end, I applied to be an intervenor and have submitted two rounds of
information requests.

I do not believe Trans Mountain in its initial submission, nor in the documents and
responses gleaned from months of information requests, has satisfactorily answered these
questions. In fact, through my own research, I believe that there is substantial evidence that
Trans Mountain cannot satisfactorily answer these questions to the Board, or more generally, to

Canadians.

2. The Fate and Behaviour of Diluted Bitumen in the Marine Environment

Trans Mountain has indicated that it believes the Gainford study “certainly answers”
whether diluted bitumen will sink or float in marine waters.” Trans Mountain contends that
dilbit’s fate and behaviour in the marine environment have been confirmed by consistent
findings across studies by the Government of Canada’ and SL Ross* and that the information
gained from the Gainford study ‘“‘are generally quite complementary and allow for modeling of
diluted bitumen under assumed conditions distinct from those used for testing.”

Not all experts agree. Below, find a presentation of the criticisms of the Gainford study as
well as new findings that cast doubt on the scientific ‘consensus’ presented by the proponent.
Science on dilbit is emerging — and its fate and behaviour in marine and aqueous environments

should be of particular importance to policy makers and review bodies.

* See Trans Mountain Response to May E IR No. 2, 2.1b

3 Government of Canada (2013). Federal Government Technical Report: Properties, composition and marine spill
behaviour, fate and transport of two diluted bitumen products from the Canadian oil sands. pp. 1-85, ISBN 978-1-
100- 23004-7 Cat. No.: En84-96/2013E-PDF.

* SL Ross 2010, 2011

> See Trans Mountain Response to May E IR No.1, 1.1j
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2.1 The Gainford Study

The transportation of bitumen over long distances is a comparatively new and uniquely
Canadian policy dilemma. With the rapid expansion of the oil sands and with policymakers
choosing to bring the unrefined bitumen, in a pre-crude state, directly to market, it becomes
necessary to combine bitumen with chemical diluents in order to transport it over long distances.
The resulting mixture, commonly referred to as dilbit, is less viscous and thus more easily
transported via pipeline and tanker; however, its chemical and physical properties are less
characterized, particularly as they relate to spill preparedness.

What is the fate and behavior of dilbit in the freshwater and marine environment? The
lack of research on this question is shocking given how many intersections between freshwater
rivers and streams will be crossed by the proposed pipeline project, as well as by the threat to our
coasts from pipelines and tankers. The Government of Canada has acknowledged a gap in
knowledge in this field, citing scientific research into enhancing our understanding of diluted
bitumen’s behavior when spilled into the marine environment as one of its eight measures to
strengthen Canada’s tanker safety system.®

In March 2013, a B.C. Government-issued report prepared by Nuka Research & Planning

Group, LLC, explained, “diluted bitumen is poorly understood.”’

The author repeatedly
cautioned that the results of the study related to bitumen could be improved. The properties of
dilbit were estimated by combining McKay Heavy Bitumen diluted with Suncor Synthetic Light

Oil and the model did not account for potential oil sinking or submergence, or the decreased

efficacy of skimmers on more viscous substances, something which the author conceded “are

% Transport Canada (2013). Harper government announces first steps towards World-Class Tanker Safety System.
No H031/13, March 18™ 2013.

7 West Coast Spill Response Study (2013). Volume 1: Assessment of British Columbia Marine Oil Spill Prevention
& Response Regime. March 28th, 2013, p. 54

Page 6



10

11

12

13

14

15

16

17

18

19

20

characteristics of diluted bitumen spills that could reduce recovery efficiency in a real world

978

setting.”” The report also noted that ““a significant research effort [...] is needed to understand the

fate and behavior of spilled diluted bitumen™ and that any industry research into this area must
require “extensive opportunity for independent peer review and government oversight.”’

In preparation of the Trans Mountain Expansion Project application, the proponent
commissioned a study on the fate and behavior of dilbit on marine waters. The study was
submitted in this process without benefit of peer review. It was performed in a lab in Gainford,
Alberta over a ten day period. Effectively, it examined the properties of dilbit in a fish tank. The
study was a lab-scale or meso-scale experiment that sought to determine certain chemical and
physical properties of dilbit in a “simulated condition similar to the potential receiving
environment of Burrard Inlet.”'® Yet the authors simulated the Burrard Inlet using only a
recreated marine environment according to three characteristics - water temperature, salinity and
pH - and even then, not all of these criteria were representative across all tests. During the
equipment-testing phase, while the authors had hoped to control for temperature, they could not
due to their use of steel tanks and “a higher than expected ambient air temperatures caused the

91l

tank water temperature to rise above the target value.”  The subsequent test was then only

comparable to “realistically constituted conditions that could be experienced on Burrard Inlet
surface waters during a summer day.”'”

To create wind and wave effects, the Gainford study used a fan and “simple mechanical

means” rather than more natural or sophisticated techniques, and did not seek to recreate current

¥ West Coast Spill Response Study (2013). Volume 1: Assessment of British Columbia Marine Oil Spill Prevention
& Response Regime. March 28, 2013, p. 54

’ West Coast Spill Response Study (2013). Volume 3: World-Class Spill Prevention, Preparedness, Response &
Recovery System. July 19, 2013, p. 45

' Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 52

"' Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 52

12 Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 52
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effects. During the weathering study, dilbit was exposed to static, mild and moderate agitation,
each described by an average windspeed and corresponding waveforms created by a ‘paddle’.
While the method of wind data collection is not described, a photo of the experimental set up

14
>In

suggests that the average wind speed is derived from the source — ‘an intrinsically safe fan.
further physical and chemical tests, the study found that the dilbit examined did not contain more
toxic BTEX compounds (benzene, toluene, ethylbenzene, and xylene) than other crude oils. "

The report also concluded that the weathering patterns of the studied dilbits were consistent with

other heavy crude oil.'

2.2 Emerging scientific findings

Trans Mountain believes the findings of the Gainford study “certainly determine” that
dilbit floats in marine waters, behaves no differently than other heavy crude oils as they weather
and that current equipment would be adequate to mechanically remove dilbit from the surface of
water.!” Yet the Gainford study did not radically alter our understanding of dilbit to the extent
that we can confidently predict its behavior. We now turn to an examination of emerging
scientific literature, performed by scientists not under contract by Kinder Morgan Canada or the

West Coast Marine Response Corporation, which is owned by Trans Mountain.
2.2.1 Evidence for Dilbit submergence in marine environments

As part of the Government of Canada’s initial 2013 report, the researchers came to a

number of conclusions. Their scientific literature review revealed a number of gaps in the

" Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 11

' Volume 8C, TERMPOL Reports, Part 2 (A3S5G and A3S5G4), p. 11-12
" Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 63

'® Volume 8C, TERMPOL Reports, Part 2 (A3S5G2 and A3S5G4), p. 63

'” See Trans Mountain Response to E IR No. 2, p. 4
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physical and chemical properties of dilbit, as well as its fate, behavior and transport in the marine
environment. It revealed meso-scale findings that in the presence of fine and moderate-sized
sediments, “fresh to moderately weathered diluted bitumen products sank in saltwater” while
exposed to a high energy environment.'® Furthermore, they report the first observation of tarball
formation for highly evaporated dilbit.

A 2014 study represents an even more instructive and rigorous meso-scale examination
of the potential fate and behavior of dilbit in the marine environment. In contrast to the Gainford
study, the scientists used actual seawater to perform their analyses and conducted the study in a
proper wave tank located at the Bedford Institute of Oceanography in Dartmouth, Nova Scotia.
These tanks were “capable of producing realistic sea conditions of waves and currents.”'” The
experiments saw the tanks exposed to natural weathering that was strictly monitored using a
weather station situated at the tank. The findings of the study were that dilbit products have “the
ability [...] to also sink in relatively low energy environments over time and in the absence of
high suspended particle load as a result of natural weathering processes.”*’ The seawater used
was treated with a 5 micrometer filter, yet sinking of dilbit was still clearly observed following 7
days of natural weathering. Despite this finding, the scientists still clearly enunciated the need for
more study of the propensity of dilbit to sink required to provide “essential information [...] for
risk assessments associated with the transport of dilbit products and the selection of the most

) . . s 21
effective countermeasures under various environmental conditions.”

'® Government of Canada (2013). Federal Government Technical Report: Properties, composition and marine spill
behaviour, fate and transport of two diluted bitumen products from the Canadian oil sands. pp. 1-85, ISBN 978-1-
100- 23004-7 Cat. No.: En84-96/2013E-PDF. p. 73

" King T.L., Robinson B., Boufadel M., Lee K. Flume tank studies to elucidate the fate and behavior of diluted
bitumen spilled at sea. Marine Pollution Bulletin 83 (2014) 32-37

%% King T.L., Robinson B., Boufadel M., Lee K. Flume tank studies to elucidate the fate and behavior of diluted
bitumen spilled at sea. Marine Pollution Bulletin 83 (20 14) 32-37

I King T.L., Robinson B., Boufadel M., Lee K. Flume tank studies to elucidate the fate and behavior of diluted
bitumen spilled at sea. Marine Pollution Bulletin 83 (20 14) 32-37
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Fortunately, there is plenty more dilbit research being done, yet likely none of it will be
completed with ample time to be included in this review process. The Royal Society of Canada
in January 2015 announced that it would create an Expert Panel on the Behaviour and
Environmental Impacts of Crude Oil Released into Aqueous Environments. The Panel has heard
expert testimony and is expected to release its report in the fall of 2015.%

Information from the expert testimony presentations, however, preview what may emerge
from the report. In its presentation, Natural Resources Canada identified a key research
knowledge gap: “[we] need a wider range of controlled studies of different types of crude oil and
diluted bitumen products under conditions representative of a broader range of Canadian climate
and water environments to more fully understand: oil/sediment interactions, oil sinking/tarball
formation behaviours, biodegradation processes.”* Natural Resources Canada, Environment
Canada and the Department of Fisheries and Oceans each presented on the topic of the behaviour
and fate of dilbit in the marine environment, and none of these presentations cite the Gainford

24,25,2
study.** 226

2.2.2 Efficacy of common spill responses

Despite the Gainford study purporting that existing mechanical techniques were sufficient
to deal with dilbit spill recovery, emerging findings suggest that dilbit recovery presents unique

challenges to spill responders. While the Government of Canada 2013 report cited limited

22 Royal Society of Canada (2015). The Behaviour and Environmental Impacts of Crude Oil Released into Aqueous
Environments

* Natural Resources Canada (2015). The Behaviour and Environmental Impacts of Crude Oil Released into
Aqueous Environments, Meeting of the Royal Society of Canada’s Expert Panel, Feb 4™, 2015

** Natural Resources Canada (2015). The Behaviour and Environmental Impacts of Crude Oil Released into
Aqueous Environments, Meeting of the Royal Society of Canada’s Expert Panel, Feb 4™, 2015

* Environment Canada (2015). Oil Sands Products Spill Response Studies at Environment Canada, Meeting of the
Royal Society of Canada’s Expert Panel, Feb 4th 2015.

*Department of Fisheries and Oceans Canada (2015). Fate of Diluted Bitumen Spilled in Aquatic Environments,
Meeting of the Royal Society of Canada’s Expert Panel, Thurs Apr 9™ 2015.
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conditions covering partial temperature ranges, it found that the efficacy of spill treating agents
were ‘ineffective to partially effective’. The report concluded that any treatment of weathered
dilbit products beyond ‘W1’, the most moderate degree of weathering, would require the
development of new spill treating agents.*’

In a presentation to the Royal Society of Canada’s stakeholder engagement seminar,
Environment Canada researchers committed to further evaluation of “technologies and
techniques for physical and chemical mechanisms that serve to detect, contain, destroy or
mitigate spilled petroleum products,” particularly dispersant testing on fresh and weathered dilbit
samples and new protocol development.” The presentation reports that in early stages of
experimentation, dispersants were “ineffective at all temperatures in the [Swirling Flask Test] &
the high-energy [Baffled Flask Test] at temperatures from 5 to 25°C.* It concluded that the
estimated window of opportunity for dispersant effectiveness is limited to less than 12 hours at

temperatures below 15°C.*°

3. Lessons from Kalamazoo, Ml

The best-documented Canadian incident of an oil sands product spill was the Westridge
transfer line rupture in Burnaby in 2007. A relatively small amount, 1,400 barrels of oil sands

product spilled into storm water systems and eventually found its way into Burnaby Bay.

T Government of Canada (2013). Federal Government Technical Report: Properties, composition and marine spill
behaviour, fate and transport of two diluted bitumen products from the Canadian oil sands. pp. 1-85, ISBN 978-1-
100- 23004-7 Cat. No.: En84-96/2013E-PDF. p.75

*¥ Environment Canada (2015). Oil Sands Products Spill Response Studies at Environment Canada, Meeting of the
Royal Society of Canada’s Expert Panel, Feb 4th 2015.

** Environment Canada (2015). Oil Sands Products Spill Response Studies at Environment Canada, Meeting of the
Royal Society of Canada’s Expert Panel, Feb 4th 2015.

3% Environment Canada (2015). Oil Sands Products Spill Response Studies at Environment Canada, Meeting of the
Royal Society of Canada’s Expert Panel, Feb 4th 2015.
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Fortunately and for a variety of reasons, responders were able to contain the small spill almost
immediately, negating the possibility of potential sinking dilbit.”!

This was not the case in Kalamazoo, Michigan. On July 25, 2010, a rupture of an
Enbridge pipeline led to the release of 834, 444 gallons of dilbit into the Talmadge Creek and
Kalamazoo River.* The continuing costs of the spill response exceed $1 billion. What has Trans
Mountain learned about the impacts of a dilbit spill on the environment and human habitats from
the events that transpired in Kalamazoo? The largest on-land spill in American history and the
first major release of dilbit into the natural environment begs the important question of what

have we learned.
3.1 Dispersion of submerged diluted bitumen

Researchers and policymakers south of the border have taken Kalamazoo as an important
lesson in the spill of oil sands product. A recent presentation to the International Oil Spill
Conference proceedings recommends that if one or more of 6 factors - low salinity, rough
sedimentation, high turbidity of water, sunlight exposure, strong current, or high temperatures —
are present in the area at risk in the event of a spill of an oil sands product, advanced submerged
oil detection methods should be immediately accessible.”® Once sunken oil is detected, the
presentation recommends that steps be taken to quickly contain the submerged oil via a
combination of methods including vacuum pumps, submerged booms and dredging.

Findings from the EPA, also presented to the 2014 International Oil Spill Conference,

demonstrated that conventional tactics deployed immediately following the spill were effective

*! Benjamin Douglas Silliman (2014). Guidelines to Prepare for Oil Sands Product Spills in Varied Aquatic
Environments. International Oil Spill Conference Proceedings: May 2014, Vol. 2014, No. 1, pp. 426-433.

*? National Transportation Safety Board Pipeline Accident Report (2010). Enbridge Incorporated — Hazardous
Liquid Pipeline Rupture and Release — Marshall, Michigan, July 25, 2010

3 Benjamin Douglas Silliman (2014). Guidelines to Prepare for Oil Sands Product Spills in Varied Aquatic
Environments. International Oil Spill Conference Proceedings: May 2014, Vol. 2014, No. 1, pp. 426-433.
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in fighting floating bitumen slicks, but that “no single technology would be operationally
effective” in recovering the submerged dilbit.**

In a 2014 press release, the National Ocean and Atmospheric Administration attempts to
outline some of the lessons learned from the attempted remediation of the Kalamazoo spill. To
date, it is still not cleaned up. They point out that some of the tactics used to make submerged oil
more easily containable and retrievable may have caused severe collateral damage to the
surrounding environment.*® They point to an ongoing investigation by the Natural Resource
Damage Assessment trustees into the impacts from the cleanup tactics in addition to the dilbit
spill.

In Kalamazoo, submerged oil proved disastrous for efforts to contain and clean up the
spill. "We had no idea sinking oil would be such a problem," Mark Durno, a 20-year veteran
with the Environmental Protection Agency (EPA) reported to Inside Climate News in their
feature on the Kalamazoo Spill. "Not only was this material submerged but it was mobile and
moving along the river bottom."*® Another EPA agent, Susan Herdman, said “Capturing and
cleaning up this heavy oil is a unique challenge. No one at the EPA can remember dealing with

this much submerged oil in a river.””’

3 Ralph H. Dollhopf, Faith A. Fitzpatrick, Jeffrey W. Kimble, Daniel M. Capone, Thomas P. Graan, Ronald B. Zelt,
and Rex Johnson (2014). Response to Heavy, Non-Floating Oil Spilled in a Great Lakes River Environment.: A
Multiple-Lines-Of-Evidence Approach for Submerged Oil Assessment and Recovery. International Oil Spill
Conference Proceedings: May 2014, Vol. 2014, No. 1, pp. 434-448.

%> National Oceanic and Atmospheric Administration (2014). As Oil Sands Production Rises, What Should We
Expect at Diluted Bitumen (Dilbit) Spills? June, 2014 Media Release

3 Inside Climate News (2012). The Dilbit Disaster: Inside The Biggest Oil Spill You ve Never Heard Of, June 27",
2012.

37 Inside Climate News (2012). The Dilbit Disaster: Inside The Biggest Oil Spill You ve Never Heard Of, June 28",
2012.
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3.2 First-hand accounts

In its response to questions regarding the lessons learned from the Kalamazoo spill, Trans
Mountain reiterated “some opportunity could exist for people in the area to be exposed to
hydrocarbon and other chemical vapours released from the surface of the spilled oil during the

carly stages of the incident.”®

Furthermore, “there was no indication that people would
experience serious, irreversible or long lasting health effects” and “the symptoms would still be
annoying, indicating the need for and importance of the spill prevention programs.”’ According
to Trans Mountain, the health effects would not be long lasting, and the need for spill prevention
programs would be to avoid ‘annoying’ symptoms.

In their Pulitzer-Prize winning reporting on the Kalamazoo spill, Inside Climate News
details eye-witness accounts that suggest otherwise. The LaForge family, whose home was near
the source of the spill at the Talmadge Creek, was among the first to be subjected to the spill’s
“acrid stench.”*

They were removed from their home, stayed in a hotel for 61 days until it became clear
that their home was no longer salvageable. Salvaging what they could from their home of 28
years it became clear that the dilbit stink had “permeated their mattresses, clothing, books, toys,
rugs and upholstered furniture.”*!

Accounts seem to indicate there was confusion on the ground about the levels of airborne

benzene in the immediate aftermath of the spill and on-site health experts debated whether and

how the benzene would dissipate. Health officials were concerned about the exposure of county

*¥ See Trans Mountain Response to May E IR No 2., p.21

%% See Trans Mountain Response to May E IR No 2., p.22

* Inside Climate News (2012). The Dilbit Disaster: Inside The Biggest Oil Spill You ve Never Heard Of, June 26",
2012

* Inside Climate News (2012). The Dilbit Disaster: Inside The Biggest Oil Spill You 've Never Heard Of, June 28",
2012
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residents to benzene, given its well-established link to cancer. The local county public health
director combined a state workplace maximum (500 ppb) with an ad hoc analysis of federal
studies on benzene and determined that if the benzene readings were above 200 ppb they would
evacuate riverside homes. And so, four days following the spill, residents of 61 homes were
given voluntary evacuation orders. Over 100 families outside the evacuation zone had already

42 . . . .
evacuated due to the odour.™ The evacuation noticed remained in place for over two weeks.

4. Underreporting of serious marine incidents

Trans Mountain insists that an oil spill from a Project-related tanker is a low likelihood
occurrence.” Yet questions emerge related to the source of Trans Mountain’s risk assessment
data that stem from recent reporting from the Tyee on the Northern Gateway Project.**

Trans Mountain contracted the firm Det Norske Veritas (DNV) to perform a general risk
analysis on potential marine incidents along the proposed shipping route, and in the course of
that analysis DNV used the THS Fairplay database for the purposes of casualty estimates.” DNV
was also contracted to perform a similar general risk assessment for the Northern Gateway
project, also using the IHS Fairplay database. The IHS Fairplay database is the industry standard
for casualty data, however two new recent studies have revealed that it may not be as accurate as
previously believed.

A 2010 DNV study examines the nature and extent of underreporting in standard accident
databases including the IHS Fairplay. The study found that the upper bound of “reporting

performance”, a measure of the ratio of recorded accidents to the true number of accidents, was

*? Inside Climate News (2012). The Dilbit Disaster: Inside The Biggest Oil Spill You ve Never Heard Of, June 27",
2012

* Trans Mountain Response to May E IR No2., p. 15

* The Tyee (2014). Danger Adrift: Fed Panel Warned of Simushir Scenario in 2013, David P. Ball, Oct 22, 2014,
* Volume 8C, Part 1 (A56023) and see Trans Mountain Response to May E IR No.2, 2.2
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only 30% for the IHS database over 10 years. Furthermore, and crucially, they found that “the
seriousness of an accident does not significantly affect the likelihood of being simultaneously
reported in both databases.”*®

A subsequent 2011 study by researchers at the Norwegian University of Science and
Technology sought to examine the extent of underreporting, specifically in the IHS Fairplay
database. They found that, in the IHS Fairplay, unreported accidents make up roughly 50% of all
accidents that occurred. Even Canada’s Flag State reporting, while generally more accurate,
missed roughly a quarter of all accidents in its area of responsibility. They recommended that
due to “the relatively large degree of underreporting uncovered by this study [...] all users of
statistical data should assume a certain degree of underreporting and adjust their analyses
accordingly.”*’

In a hearing held in Prince Rupert on March 18", 2013, an exchange between Audun
Bransaeter, a witness for DNV, and Chris Tollefson, a representative of project intervenors BC
Nature and Nature Canada, revealed that DNV had taken no steps to adjust data by way of
scaling factors or sensitivity analysis to accommodate for the flawed IHS Fairplay database.
Equally, Trans Mountain does not believe that this chronic underreporting is “relevant” to the
TMEP marine risk study. It also disputes the empirical findings of the 2010 report stating, “it is
logical to suggest that underreporting of tanker incidents occurs primarily when the incident

. . 4
could be classified as ‘not serious’.”*®

* Psarros, G., Skjong, R. and Eide, M.S. (2010). Under-reporting of maritime accidents, Accident Analysis and
Prevention, Vol. 42, p.619-625.

" Hassel, M, Asbjornslett, B.E., and Hole, L.P. (2011). Underreporting of maritime accidents to vessel accident
databases, Accident Analysis and Prevention, Vol 43, p.2053-5063.

* See Trans Mountain Response to May E IR No. 2, p. 13
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5. Conclusion

The process thus far and Kinder Morgan’s responsiveness to questions has already made
manifest that a paper exchange is an inadequate and insufficient approach to assessing the risks
of the proposed project. In presenting this literature review of the state of knowledge of the
behaviour of dilbit in freshwater and marine environments it is evident that there is a paucity of
knowledge. The handful of experiments relied upon by the proponent conducted over ten days in
water tanks in Gainford, Alberta were neither rigourous, peer reviewed, nor did they even meet
the study parameters for temperature and acidity. There can be no credible conclusions drawn
from the proponent’s evidence. Evidence presented on behalf of the Saanich—Gulf Islands
constituency confirms that the behaviour of bitumen mixed with diluents remains a subject of
investigation. The experience with the substance confirms it does not behave as does

conventional crude.

I repeat the request to conduct oral cross-examination on this point and others of the

proponent’s experts and witnesses.
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An economical alternative to conventional crudes, Canadian bitumen, harvested as a semi-liquid, is
diluted with condensate to make it viable to transport by pipeline to coastal areas where it would be
shipped by tankers to global markets. Not much is known about the fate of diluted bitumen (dilbit) when

1<?yW0rdS{ spilled at sea. For this purpose, we conducted dilbit (Access Western Blend; AWB and Cold Lake Blend;
g}:g_ted bitumen CLB) weathering studies for 13 days in a flume tank containing seawater. After six days of weathering,
1lbit

droplets detached from the AWB slick and were dense enough to sink in seawater. The density of CLB also
increased, but at a slower rate compared to AWB, which was attributed to the high concentration of
alkylated polycyclic aromatic hydrocarbons in it, which are more resistant to weathering. An empirical,
Monod-type model was introduced and was found to closely simulate the increase in oil density with
time. Such a model could be used within oil spill models.

Submerged oil
Natural weathering
Non-conventional oil
Flume tank
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1. Introduction

Canada’s Alberta Oil Sands contain the world’s third largest oil
reserves after Saudi Arabia and Venezuela (Alberta Energy, 2011).
The oil sands are harvested by direct mining and in-place
extraction processes (Read and Whiteoak, 2003). The raw product
contains mostly bitumen, which is semi-liquid at room temperature,
and is excessively viscous to transport via pipeline. In order to trans-
port the product to markets, recovered bitumen is currently diluted
with either condensate or synthetic oil, producing either diluted
bitumen (labelled dilbit) or synthetic bitumen (synbit) respectively,
which has a lower viscosity and density than the original product.
Dilbit’s physical properties are similar to those of a heavy crude
oil, thus permitting it to be transported by pipeline to clients that
refine the product.

Global demands are on the rise for conventional crudes, but the
commercial value of Canadian dilute bitumen makes it appealing
to foreign customers. In anticipation of this increased demand for
dilbit products, many new proposals (e.g., Kinder Morgan Trans
Mountain and Enbridge Northern Gateway) have been either
announced or anticipated to transport diluted bitumen via pipeline
to coastal ports in Canada. This way it can be transported by

* Corresponding author. Tel.: +1 902 426 4172; fax: +1 902 426 1440.
E-mail address: Thomas.King@mar.dfo-mpo.gc.ca (T.L. King).

http://dx.doi.org/10.1016/j.marpolbul.2014.04.042
0025-326X/© 2014 Elsevier Ltd. All rights reserved.

marine tankers to foreign markets (Government of Canada,
2013). The new Canadian pipelines proposals have raised many
concerns pertaining to increased tanker traffic, tanker safety, and
accidental oil spills (e.g. through various modes of transportation
such pipelines, tankers, and rail cars) in sensitive fisheries habitat.
In an effort to address these concerns, in March, 2013, the
Canadian federal government has announced the development of
a World Class Tanker Safety System, which includes research over
the next several years, to improve our understanding of the fate
and behavior of diluted bitumen spilled at sea or the trans-
shipment ports.

A recent review of the literature (Government of Canada, 2013)
identified many knowledge gaps, including the environmental con-
ditions that contribute to weathering of the dilbit products and
conditions in which dilbit sinks in aquatic environments. Two
products; Access Western Blend and Cold Lake Blend, obtained
from industry (Canmet Energy, Alberta Canada), were selected
because they represent the highest volume of dilbit products trans-
ported by pipeline in Canada. The objective for these preliminary
studies was to conduct flume tank studies (simulating conditions
at sea) to determine the environmental conditions under which
dilbit would sink following a spill in the marine environment.
Understanding the risk of these products to sink after a spill is of
major importance, as the standard approaches for mitigating oil
spills from oils that float on water surface cannot be used. It is also
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highly likely that a sinking product is much harder to locate and
remove. Thus, damage to marine habitat and its living resources
are expected to be much greater and oil recovery/clean-up
operations are expected to be much more difficult and expensive.
This was the case following a pipeline rupture in 2010 that
released around a million gallons of dilbit oil into Talmadge Creek
and the Kalamazoo River near Marshall, Michigan. As of May 2013,
the United States Environmental Protection Agency (EPA) reported
that 20-30% of oil remained in the river submerged and bound to
sediments (EPA, 2013) for which recovery by dredging operations
are still underway. The spill is providing scientists with informa-
tion (although scant and anecdotal) on the behavior of dilbit in
freshwater. Nevertheless, it is desirable to acquire knowledge of
the behavior of dilbit in saltwater environments, along with a solid
understanding of the long-term fate of dilbit spilled in specific
marine environments of concern (e.g., Pacific waterways of the
west coast of Canada and tanker routes to potential foreign mar-
kets of the product). To provide much needed scientific data on
the fate and behavior of diluted bitumen spilled at sea, dilbit
products were weathered under natural environmental conditions
(e.g. sunlight, wind, rain, seawater temperature and salinity) for
13 days in a test tank, open to the atmosphere, operated under
continuous flow conditions (to account for dilution at sea from
current flow). The data collected will be used by oil spill respond-
ers to make informed decisions on the appropriate oil spill
response options and strategies, including the possible use of spill
treating agents.

2. Materials and methods
2.1. Flume tank study

The mesoscale test tank used for this investigation is a wave
tank that has the dimensions 0.6 m wide x 30.6 m long and 2 m
high, and is located at the Bedford Institute of Oceanography in
Dartmouth, Nova Scotia. It is capable of producing realistic sea con-
ditions of waves and currents. However, only the currents are used
herein. The seawater for the tank is obtained by pumping water
directly from the Bedford Basin through a 5 um filter into the tank.
The salinity measurements were monitored using a hand held
meter (YSI model #30-1-FT; Yellow Springs, USA). The wind speed
and rainfall amounts are recorded using a weather station situated
at the tank. Further details on the tank operation can be found in Li
et al. (2010) and King et al. (2013).

For the experiments reported herein, the water level was 1.5 m,
and each day the tank was flushed with fresh filtered (5 pm) sea-
water for two hours producing a current velocity of 0.4 cm/s con-
ducted between 6th to the 19th of August, 2013 when average
seawater temperatures are >15 °C (Table 1). For each oil (CLB and
AWB) approximately 1.0 kg was poured into a 0.40 m internal
diameter containment barrier (ring; 1.27 cm o.d. K3140 BF heavy
wall PVC food & beverage hose, Northeast Equipment, N.S., Canada)
as described by Li et al. (2010). The oil spread and occupied the
whole water surface area within the ring. A simple volume calcu-
lation indicates that the average thickness of oil is around
8.0 mm. Four rings full with AWB and CLB, two of each, were
placed in the tank (further information is found in Supplementary
Materials). All four rings of oil were exposed to the natural envi-
ronment for a total of 312 h (13 days).

Subsamples of each oil type were collected at various times
from one of the duplicate oil containment rings. The second dupli-
cate ring of each dilbit product remained undisturbed until termi-
nation of the experiment to ensure an adequate mass balance
calculation. After 7 days, current flow was stopped to facilitate
the observation of submerged oil balls.

Table 1
Wave tank experimental conditions use in the natural degradation of dilbit products.

Time Salinity?® Temperature (°C)
Hours/days p.s.u. Air Water
1/0.04 25.7 183 189
2.5/0.1 26.0 21.2 20.2
24/1 259 20.5 20.0
48/2 25.8 171 18.7
72/3 27.0 19.2 183
96/4 275 20.5 18.8
144/6 27.8 19.8 19.7
168/7 27.2 18.9 18.4
216/9 271 17.9 204
240/10 272 15.0 19.0
264/11 26.9 13.0 19.5
312/13 27.0 15.0 194
Average * stdev. 26.8+0.7 179+25 193 0.7

2 The tank contained strata of saline water after a rain storm on day 5. Salinity
measured <17 ppth in the upper 10 cm of the water column, results in Table 1 are
salinity values recorded throughout the experiment at a water depth >10 cm.

2.2. Flume tank in situ measuring devices

Particle size counters (LISST-100X, Sequoia Scientific, Inc.) were
deployed during the experiments, 1.0 m downstream from the oil
containment rings and at a depth of 0.45 m based on data previous
obtain from oil dispersion studies in the tank. In prior studies (Li
et al., 2008, 2009, 2010) that involved short-term (1-2h),
experiments, particle size distributions are recorded every 2-5s
to permit large volumes of data collection. However, for this exper-
iment the LISST parameters were changed to recorded particle size
distribution over a longer period (minutes) so as to permit infor-
mation to be collected over several days. Fluorometers (Turner
Cyclops C7; refined optics; emission 254 nm and excitation
350 nm) were attached in situ in the same locations as the LISST
particle size analyzers to monitor changes in fluorescence pro-
duced from potential dispersed oil droplets entering the water
column.

2.3. Lab analysis of subsamples

Quantitative concentrations were prepared from the subsam-
ples of oil in dichloromethane (DCM) and an aliquot was analysed
for total petroleum hydrocarbons (TPH) using a gas chromatograph
equipped with flame ionization detection (GC-FID) according to
the method of Cole et al. (2007).

Aliquots of the subsample extracts were evaluated for saturates,
aromatics, resins and asphaltenes (SARA) using thin-layer chroma-
tography coupled with flame ionization detection (TLC-FID) (Maki
and Sasaki, 1997). The subsamples were further processed to mea-
sure polycyclic aromatic hydrocarbons (PAHs) and their alkylated
homologues using a gas chromatograph interfaced to a mass spec-
trometer (EPA method 8270, US Environmental Protection
Services, 1996).

Subsamples of weathered oils were evaluated for changes in
density Mettler Toledo DM45 (ASTM D5002, 2010).

3. Results and discussion

For the duration of the study, the average wind speed was
9.0 km/h and the total rainfall was 56.55 mm. However, most of
the rainfall occurred during a storm on day 5 where the total rain-
fall was 42 mm. The average wind speed during that storm was
22 km/h. The salinity and temperature (water and air) during the
experiment, which occurred during August 2013, are reported in
Table 1, which shows that the temperature and salinity were more
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or less constant. The tank contained filtered (5 um) seawater;
therefore no sediments were present or detected by the LISST
particle counter. The oil was exposed to natural variations in sun-
light, rain and wind on the seawater surface. On day 6, salinity data
clearly showed a stratification of waters within the test tank due to
the large influx of freshwater from the rain storm. The effect of this
natural occurrence on the fate of the dilbit products is addressed in
this manuscript.

3.1. Chemical analyses

Mass balance estimates revealed that ~15-18% of the original
products were weathered under these (natural) conditions. Briefly,
the oil was quantitatively added to each containment ring and after
termination of the experiment, remaining oil in the rings was
recovered and oil mass recorded. The difference in the initial mass
and final mass was used to estimate the percentage of oil that was
weathered. Neither the LISSTs nor the fluorometers were able to
detect oil in the subsurface water column at a depth of 0.45 m.
There were visible sheens on the water surface; however, this
did not appear to disperse into the subsurface water column. This
was probably due to the fact that the study was carried out in the
absence of waves and the resulting low energy conditions were
insufficient to promote measurable oil dispersion (Wickley-Olsen
et al.,, 2007). However, the conditions were unlikely to suppress
other weathering processes of oil, including evaporation, dissolu-
tion, photo-oxidation and biodegradation.

Fig. 1 (scales for all four plots are the same) illustrates chemical
profiles of the oils generated by GC-FID. For both products, a large
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Fig. 1. GC-FID chromatograms of naturally weathered dilbit products (A) AWB at
1h, (B) AWB at 13 days, (C) CLB at 1 h and (D) CLB at 13 days.

portion of the volatile (e.g., early eluting peaks in the first 4-8 min)
hydrocarbons are present in the chromatogram of the 1 h sample
extract. However, the majority of volatile hydrocarbons were
absent from the sample at 312 h.

A full suite of subsamples, collected at various time points, were
examined using TLC-FID. Fig. 2 shows that there is a decreasing
trend (ANOVA; p-value < 0.05) of saturates and aromatics (low
molecular weight compounds) with time. Conversely, an increas-
ing trend of the relative mass of the resins and asphaltenes (high
molecular weight compounds) was observed as function of time
(ANOVA; p-value < 0.05). Due to the high variability in the data,
no functional form beside the trend should be inferred, and the lin-
ear behavior reported in the graphs was selected simply because it
makes the least amount of assumptions. Nearing the end of the
study, the oil composition contained a greater percentage of high
molecular weight hydrocarbons. At six days of natural weathering,
submerged oil-balls were visible in the seawater column (Fig. 3)
and their presence was correlated with the lower salinity, (17
p.s.u.) in the upper 10 cm of the water column that resulted from
the influx of rainwater, on day 5. The salinity below the 10 cm
depth was 27 p.s.u. Submerged oil-balls continued to accumulate
over time and they were collected only at the end of the experi-
ment (312 h). The submerged oil-balls were related to changes in
oil density and seawater salinity.

The chemical composition of the submerged oil-balls differed
from the oil collected at the seawater surface (Fig. 3). The oil-balls
were more weathered than the oil contained in the rings, as evi-
denced by the high mass portion of resins and asphaltenes in them
(Fig. 3). It was difficult to estimate what percentage of submerged
oil-balls represented the 15-18% of the total degraded oil. Subse-
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Fig. 2. TLC-FID data: (A) saturates and aromatics and (B) resin and asphaltenes in
oil subsamples collected at various time points during the natural weathering of
dilbit products.
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Fig. 3. Photos of submerged tar balls during the natural weathering of diluted
bitumen products. Tar-balls are found at ~10 cm below the seawater surface.

quently, the samples were analysed by GC-MS (Fig. 4) to assess the
long-term fate of the diluted bitumen products and the chemical
composition of the submerged oil-balls. With the exception of
methylated polycyclic aromatic hydrocarbons (M-PAHs), the PAHs
and alkanes, detected in the oil samples, degraded pretty rapidly
with time (Fig. 3). The chemical composition of the oil-balls more
closely matched the chemical composition of the AWB based on
the GC-MS data. It is hypothesised that the submerged oil-balls
were generated from the natural weathering of AWB rather than
CLB, which contains a larger fraction of M-PAHs that are more
resistant to natural weathering processes. This observation is con-
sistent with the findings of previous test tank studies with CLB,
where the weathering of CLB was not sufficient to cause it to sink
in fresh water even after days of exposure in an artificial environ-
ment (SL Ross, 2012).

3.2. Monitoring time-series changes in the physical properties of
diluted bitumen

Density measurements of subsamples of the naturally weath-
ered diluted bitumen products were plotted as a function of time
in Fig. 5, which shows that the densities changed rapidly within
the first 24 h and then at a slower rate after that time point. An
expedient model for the density p behavior is given by:

t
p:po+(pf—po)T—+t (1)

where pyis the “final” density after an extensive period of weather-
ing, po is the initial density (of fresh oil), and T is a time constant
(same units as t). At t=0, Eq. (1) reduces to p = po, and at high val-
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Normalized to Hopane

1 312 0Oil-Ball (312)
Time (hours)
m Sat mM-PAHs w=PAHs

Fig. 4. Saturates and aromatics normalized to hopane for oil samples collected at 1
and 312 h and a tar ball: (A) AWB and (B) CLB.
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Fig. 5. Variations of the density of AWB and CLB as function of time. The model fits
are based on Eq. (2a) and Eq. (2b) for AWB and CLB, respectively. The models were
able to capture the rapid variation in the first 24 h, along with the overall trends
afterwards. Brackish water fall between freshwater and seawater.

ues of t, the fraction becomes equal to 1.0, and Eq. (1) reduces to
p = py. The value of T does not affect the final value of density
(i.e., py) rather, the rate at which the density reaches that value.
For t = T, the density is the average of the final and the initial value.
In other words, noting that the maximum difference in density is
pr-po, T is the time it takes for the density to increase by half of this
amount. By fitting to the data (Fig. 5), one obtains:

AWB, p = 0.9233 + (1.008 — 0.9233)%”, R® = 0.98,¢ in hours
(2a)
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CLB, p=0.9229 +(1.0014 — 0.9229)%“ R?=0.99, t in hours
(2b)

As Fig. 5 shows, the models were able to capture closely the
observed behavior of the density throughout the duration of the
experiment. The model clearly illustrates that the maximum den-
sity of AWB (1.008) is much larger than that of CLB (1.0014) and
that it takes less time (16 h to increase by half of the amount pp
p,) for the AWB to approach its final density in comparison with
CLB (24 h to increase by half of the amount pg-p,). The time differ-
ence is not major when evaluating oil weathering on large time
scales, but could be important when responding to an oil spill,
where a difference of 12 h could result in sinking of a particular
oil (AWB in this case). Density measurements could not be obtained
from the oil-balls, since there was insufficient sample volume col-
lected during sampling. However, the submergence of the oil-balls
in the surrounding water is a clear indication that their density
was larger than the surrounding fluid. In particular, the salinity
was approximately 17 p.s.u.; with a measured water density of
1.016 kg/m> in the upper 10 cm of the seawater layer at 312 h.
The AWB density results show it to be more weathered and denser
compared with CLB at 312 h and these results were supported by
chemical measurements (Fig. 4).

The fitting of Eq. (2) were obtained using the code GRG2
(Lasdon et al., 1979, 1980) to conduct the nonlinear optimization.
Application of this code in the environmental field may be found
in Boufadel et al. (1998) and Geng et al. (2013).

3.3. Chemometric analysis and weathering of oil

There are sufficient natural microorganisms present in seawater
and the existence of naturally dissolved organics and other nutri-
ents (e.g., oxygen, nitrogen, phosphorous, etc.) suggest that micro-
bial degradation (i.e., biodegradation) of oil could occur within the
13 days. A means to assess biodegradation is by normalizing the oil
components by a compound that has low biodegradability to distin-
guish biodegradation from other physical removal processes. Here
hopane is adopted, as it was used in prior studies (Bragg et al.,
1994; Venosa et al., 1996). Unlike other studies where the oil was
buried within the sediment and the only means of hopane removal
is by physical washout, hopane could evaporate herein and thus it is
not a truly conservative. Nevertheless, its evaporation rate is much
slower than other compounds due to its low vapour pressure.

(), -5(60), -

where C is the concentration of an analyte, H is the concentration of
hopane, and k is the first-order biodegradation rate constant for an
analyte. Using the definition of the derivative of a quotient, Eq. (3)
can be rewritten as:

0-(5)

Integrating Eq. (4) yields the following first-order relationship:

-6

where (§) is the time-varying hopane-normalized concentration of
an analyte, and (&), is the value of that quantity at time zero. Fur-
thermore, if the natural log is applied to both sides of Eq. (3) and it
is rearranged to follow the typical format of y = mx + b (equation of
a line) the following equation results:

In <%> =In (g)o —kt (6)

where In (§), is the y-intercept and —k is the slope of the line or the
degradation rate constant and t represents time. The alkanes and
PAHs followed 1st order rate decay (Fig. 6). Regression analysis
showed that the 1st order rate decay curves are linear with
p-values < 0.05.

Dilbit products also contain M-PAHs that are composed of aro-
matics with structures >3 fused benzene rings (Government of
Canada, 2013). Over the 13 days, M-PAHs showed insignificant
signs of degradation.

The rate constant for each compound and oil was determined
from the slope of the straight line. For alkanes the rate constants
(k) were 0.0011 and 0.0014 day~! for AWB and CLB, respectively.
The aromatics’ k values were 0.0011 and 0.0005 day ! for AWB
and CLB, respectively. From the k values, one deduces that
saturates in CLB degraded more rapidly than in AWB, and that
the aromatics in AWB degraded more rapidly than in the CLB.
The CLB contains a greater contribution of PAHs compared with
CLB, including alkylated homologs which may be affecting the rate
at which aromatics decay. CLB contains a higher contribution of
alkanes compared with AWB, but the alkanes appear to degrade
more rapidly in CLB compared with AWB. These differences may
contribute to the fact that the two oils have different chemical
compositions, which may affect the way natural processes that
degrade hydrocarbons when dilbit is released in the aquatic envi-
ronment. The degradation constants were ten folds smaller than
degradation constants reported in the literature (Venosa et al.,
1996). However, in those studies, the nutrient concentration was
in excess of 1.0 mg-N/L, which is sufficient to produce near maxi-
mum biodegradation rates and the conventional oil was used
(Boufadel et al., 1999; Du et al., 1999; Geng et al., 2013). The higher
quantity of alkyl homologues of PAHs (or methylathed PAHs,
MPAH) and the overall persistence of aromatics associated with
CLB compared with AWB, suggests that none of the CLB weathered
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enough to submerge in seawater under our test conditions. After
13 days, CLB has a density of 0.997 kg/m> compared with a density
of 0.998 kg/m? for fresh water at 19 °C.

4. Conclusions

A recent report has suggested that diluted bitumen products
may sink in the open marine environment as a result of interaction
with suspended sediment particles under a high energy environ-
ment (Government of Canada, 2013). In this study we have also
shown the ability of such products to also sink in relatively low
energy environments over time and in the absence of high sus-
pended particle load as a result of natural weathering processes.

Our results showed that after 7 days of natural weathering,
some of AWB became dense (>1.0 kg/m®) enough in the form of
oil-balls to sink in brackish water (<20 p.s.u.) and based on the
physical and chemical characteristics of the weathered AWB all
of the product would likely sink in freshwater environments. The
density of raw bitumen (e.g. without diluent) would not exceed
the density of seawater; therefore, other environmental conditions
such as interaction with sediment particles would most likely con-
tributed to the product sinking in saltier water. The our study sink-
ing of the AWB observed was not attributed to interactions with
suspended sediments as the seawater within the tank was filtered
to remove particles sizes greater than 5 pm. Differences in chemi-
cal composition, such as the presence of a higher concentration of
M-PAHs compared with alkanes and PAHs detected in dilbit prod-
ucts under this study may offer clues to determine the probability
for specific products to sink in aquatic environments. In this study,
CLB contained a greater quantity of M-PAHs, which are resistant
and/or slow to degrade; therefore, more extreme weathering
changes and/or interaction with suspended particulate material
are required to alter the density of CLB to the point of sinking.

At present, information is still limited on the fate and behavior
of diluted bitumen spilled in marine environments. This study has
shown that differences in the chemical composition of various
diluted bitumen products can influence their fate and behavior,
including their propensity to sink following their release into mar-
ine and estuarine environments. This information will be consid-
ered in the design and preparation of further mesoscale and field
studies to evaluate the fate and behavior of dilbit products spilled
in the aquatic environment. The outcome of these studies will pro-
vide the essential information required for risk assessments associ-
ated with the transport of dilbit products and the selection of the
most effective countermeasures under various environmental
conditions.
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Relevant Priorities (RP)

Under the World Class Tanker Safety initiative
being led by Transport Canada, Natural
Resources Canada (NRCan) is collaborating
with Environment Canada (EC) and Fisheries
and Oceans Canada (DFO) to study the fate and
behaviour of non-conventional petroleum
products such as diluted bitumen when spilled In
marine environments
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RP - NRCan Tanker Safety Activities

NRCan has projects to study

= The behaviour of different formulations of heavy oll
products when spilled in marine environments;

= The pre-treatment of heavy oll products at the
source with the goal of mitigating the
environmental impact of oil spills; and

= Potential alternative response measures, including
new spill-treating agents

http://www.tc.gc.ca/media/documents/marinesafety/world-class-tanker-safety.pdf
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RP - Behaviour of Different Formulations

NRCan is applying state-of-the-art petroleum
analysis technigues to be able to identify oill
components responsible for behaviours

= How does behaviour of the same diluted bitumen
change with more or less diluent (winter/summer
blends)?

= What is the range of behaviour possible from the
different sources of diluted bitumen products?

= How does the behaviour of diluted bitumen compare
to that of other types of Canadian and global crudes?
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RP - Impacts of Pre-treatment Options

= Analyses of the different types of crudes
including diluted bitumen will increase
understanding of the mechanisms for poor oll
behaviour

= With this expanded knowledge, “pre-treatment
options” will be assessed

= Technology options will be identified to remove ol
components that cause poor oil behaviour before
transportation
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RP - Potential New Spill Treating Agents

Biodegradation of the largest components of all
crudes and heavy fuel olls in the environment Is
relatively slow

= With time, natural processes like photo-oxidation can

“crack” these species into smaller molecules allowing
biodegradation of the oll

= To assist nature, NRCan is studying new spill
treatment agents aimed to enhance rates of photo-
oxidation of petroleum spilled on water

= |f successful, these treatment agents would become
another tool for use during spill response
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RP - New Facilities At NRCan

Panel of Energy Research and Development
(PERD) funds have been used to setup spill test
facilities at CanmetENERGY (Devon)
= Two 3-meter spill test tanks capable of
= Handling fresh oils

= Simulating Canadian summer and winter (including
Arctic) conditions

= Lab-scale equipment for screening test conditions
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Significant Research Publications

Results will be presented at the 38th AMOP
meeting in June 2015 (http://ec.gc.ca/amop/)
including:
1. “Modelling of energy needed for oil-water emulsion
formation”, Memarian, Irvine, & Dettman

2. “Comparison of oil-in-water emulsion stability of

diluted bitumen, light, and heavy crude olls” Irvine &
Dettman

3. “A comparative analysis of environmental effects of
diluted bitumen and conventional crudes” Zhou,
Dettman, & Bundred

Past AMOP Proceedings are available by contacting
SpillSeminars@ec.gc.ca
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Relevant Collaborator

= Martin Bundred

= Responder with Alberta Environment Support
and Emergency Response Team

= Has field experience responding to different
types of oil spills in Alberta
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Key Research Knowledge Gaps

Need a wider range of controlled studies of
different types of crude oil and diluted bitumen
products under conditions representative of a
broader range of Canadian climate and water
environments to more fully understand:

= Oil/sediment interactions

= OIl sinking/tarball formation behaviours

= Biodegradation processes
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Other Sources of Information

i+l

The initial R&D studies on two representative diluted bitumen samples have been completed and
the peer-reviewed Federal Government Technical Report: Properties, Composition and Marine
Spill Behaviour, Fate and Transport of Two Diluted Bitumen Products from the Canadian Oll
Sands, was published and posted on EC’s website in January 2014.

http://www.ec.gc.ca/Publications/default.asp?lang=En&xmI=D6AB8B67-73F5-48B6-B3D1 -
AAE1BO6FF9A2

Physical and chemical properties of the two diluted bitumen products has been compiled for
inclusion in Environment Canada’s Oil Properties Database and are available to all
stakeholders. http://www.etc-cte.ec.gc.ca/databases/Oilproperties/oil_prop_e.html

B. Fieldhouse, A. Mihailov, and V. Moruz, “Weathering of Diluted Bitumen and the Implications to
the Effectiveness of Dispersants ”, Proceedings of the Thirty-seventh AMOP Technical Seminar
on Environmental Contamination and Response, Environment Canada, Ottawa, ON, pp. 388-352.

M. Goldthorp, B. Fieldhouse, P.G. Lambert, C. Yang, C.E. Brown, “Oil Profiling Using Portable
Instruments”, Proceedings of the Thirty-seventh AMOP Technical Seminar on Environmental
Contamination and Response, Environment Canada, Ottawa, ON, pp. 401-414, 2014.

S. Laforest, P.G. Lambert, J. Duffe, L. Gamble, B. Chaudhary, and C.E. Brown, “Studies on the
Fate and Behaviour of Diluted Bitumen on Marine Shorelines”, Proceedings of the Thirty-seventh
AMOP Technical Seminar on Environmental Contamination and Response, Environment Canada,
Ottawa, ON, pp. 415-427, 2014.
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Other Sources of Information (cont’d)

= King, T., Robinson, B., Macintyre, C., Toole, P., Ryan, S., Boufadel, M.,
Saleh, F., and Lee, K. 2015. Fate of surface spills of cold lake diluted
bitumen treated with dispersant and mineral fines in a wave tank.
Environmental Engineering Science. (accepted, in press).

= Boufadel, M., Torlapati, J., King, T., Robinson, B., and Lee, K. 2014. A
Numerical model to simulate the fate and transport of diluted bitumen
products in a marine environment. Proceeding of the 2014 International Ol
Spill Conference, May 5-8, 2014. Savannah, Georgia, USA.

= Zhao, L., Torlapati, J., Boufadel, M., King, T., Robinson, B., and Lee., K.
2014. VDROP: A Comprehensive Model for Generating the Droplet Size
Distribution from oils. Incorporation of the impact of interfacial tension and
oll viscosity, Chemical Engineering Journal, 253, 93-106.

= “Flume tank studies to elucidate the fate and behavior of diluted bitumen
spilled at sea (natural weathering and sinking of dilbit products, "winter
blends") has been published in Marine Pollution Bulletin Journal (2014, 83:

32-37).

i+l
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Oil Sands Products Spill Response Studies

Goal: Supply the knowledge responders
need to prepare for, and respond to marine
spills

Four pillars:
1. Identify Spill Hazards
2. Assess Environmental Vulnerabilities
3. Develop Risk Assessment tools
4. Test Response Tools

I*I Eg:l;%gment Eg:largr;nement RSC, Calgary AB, 4 February 2015 page 2 ( a ['] adﬁ



Joint Federal Project

* Environment Canada
* Fisheries and Oceans Canada
* Natural Resources Canada

I*I Eg:l;%r;ment Eg:largr;nement RSC, Calgary AB, 4 February 2015 page 3 ( a ['] ad:':i




ldentify Spill Hazards

* Oil sands product composition and properties
— Physical bulk properties: density, viscosity, flashpoint, vapour pressure

— Chemical Composition: Groups (“SARA”, CCME), Analytes (n-Alkanes,
PAH, aPAH, “biomarkers”)

— Develop forensic markers/toolbox for identification of oil sands products
— Lead: B. Hollebone, WS&T

* Fate and Behaviour studies
— Weathering/Buoyancy (lab simulations, meso-scale, shoreline microcosm)
— Evaporation, Dissolution and Emulsification
— Photo-oxidation and oil breakdown
— Sedimentation and oil-aggregate formation
— Leads: B. Hollebone, A. Khelifa WS&T

* Health and safety information for responders

— Development of guidebook for Responder H&S for oil sands product spills.
— Leads: P. Lambert, WS&T

I*I Egﬁgﬂgmem E;:l;%l;nement RSC, Calgary AB, 4 February 2015 page 4 ‘ a ['] ad:':i



Hazards: Oil Sands Products
Composition and Properties

Develop database of oil sands products composition and
properties to support operational modelling and response

AWB (winter)

Access Western Blend (winter) Physical Properties aPAH compostion

Degree of Evaporation (Mass Loss w/w%b) 500 4 B
Fresh w1 w2 w3 w4 w0  Fresh S PN
(0%) (8.5%) (16.9%) (25.3%) (26.5%) Freecs
Sulphur Content (% w/w) 3.0 4.1 4.5 4.9 4.8
Water Content (% w/w) 1.5 0.9 0.2 0.0 0.0
Flash Point (°C) <-5 <-5 29 159 173
Pour Point (°C) <-25 <-25 -6 24 33
Density (g/mL) 0°C 0.9399 0.9646 0.9949 1.0214 1.0211
15°C 0.9253 0.9531 0.9846 1.0127 1.0140 =
20°C 0.9148 0.0547% a0
en
API Gravity 20.9 16.6 12.0 8.2 8.0 =
=
Dynamic Viscosity 0°C 1.30E+03 9.82E+03 2.04E+05 9.35E+07 >1.00E+08 -2
(mPass) 15°C 347 1.72E+03 | 2.97E+04 | 252E+05 | 7.91E+06 g
40°C 59.8 348" § 2222232335309 44% 459999
Emulsion Formation Stability Class Entrained | Entrained Entrained Entrained DNF © s, © \:130250 3::%0 ceEeee jS? ceeren IU °
400 - 0 s
Tendency and Stability Complex Modulus (Pa) 44.6 89.7 467 1.26E+04 N/A . anl
Water Content (%w/w) 40 35 33 6 N/A
Surface Tension 0°C 31.2 31.9 NM NM NM
(Air/Oil, mN/m) 15°C 30.2 31.1 31.2 NM NM A A A A A A
20°C 275 500788888883858885888888888
Interfacial Tension 0°C 24.8 NM NM NM NM oy  WaZ04SH E
(Oil/water, mN/m) 15°C 24.2 28.0 NM NM NM 200 |
Interfacial Tension 0°C 25.0 NM NM NM NM 100 1
(Oil/33%o Brine, mN/m) 15°C 23.8 26.0 NM NM NM A AN
8858083833383 8333383388883383
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Hazards: Environmental Forensics

* Develop protocols for forensic identification of oil and weathered oll

— Essential tool for response and planning, to judge spill extent and
endpoints, to verify identity and quantity of spilled oil.

— Essential tool to enable other research: fate and behaviour, toxicology

* Relies on unique chemical compositions of oil sands products
— Evaluation of n-Alkanes, PAH/APAH and saturate “biomarkers”

* Used in real spills
— Enbridge Line 6b, Kalamazoo River, Ml
— Exxon-Mobil Pegasus, Mayflower AK

Requires survey of products moved by ship and through
pipelines
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Hazards: Fate and Behaviour

* Evaluate changes to product properties and composition
Induced by environmental weathering: Evaporation,
Dissolution, Photo-degradation

* Examine behaviours of products in the environment as it
weathers: Sinking/buoyancy, Emulsification, Dispersion,
Sedimentation and oil-aggregate formation

° Interactions with shorelines in microcosms, adhesion to
surfaces, penetration and flushing from simulated beaches

° Longer-term studies of weathering and behaviour in meso-
scale simulators and wave tanks to better quantify longer-term
spill fates in more realistic conditions

Work to date indicates that diluted bitumen products have
unique behaviours and weathering characteristics

I*I Egﬁl;{ér;ment E;:l;%l;nement RSC, Calgary AB, 4 February 2015 page?7 Canad:':i



Hazards: Initial dilbit buoyancy studies

Conditions

No sediment
All weatherings of dilbit

Fate

Floats as oil-water mixture

Behaviour

Floats and spreads like
thick oil, e.g., Burnaby,
BC

Suspended fine and
medium sediment
Fresh to moderate
weathering of dilbit

Large part of oil sinks as
fine oil particles

Suspended in water
column, sinks, and
disperses, e.g.,
Kalamazoo Ml

Suspended fine and
medium sediment
Highly weathered dilbit

Floating oil “balls”

Floats and “balls” can
disperse

Suspended coarse
sediment
All weatherings of dilbit

Large part of oil floats as
water-oil mixture

Some sunken oil/sand
agglomerations

Most oil floats and
spreads like thick oill
Few oil/sand
agglomerations sink

i+l
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Submerged and Sunken Dilbit

v

Dilbit mixed with
high concentration
of fine sediment for
8 hours, allowed to
settle for 24 hours

(15 °C, sea water---
3.3% salt, Access
Western Blend oil)

B

!"‘ "“,g‘” - %’v
| d » ‘.:..““Q‘.‘.:,
Fresh Light evaporation Moderate > -.:'-9“ “:;‘1
evaporation >
P .(da‘!i'l
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Floating Oil “Balls”

Highly evaporated dilbit mixed with
saltwater and fine sediment

Oil has very high viscosity, similar to native
bitumen

Discrete oil “balls” form after mixing
(fingernail size)

Floats in seawater

Photos: Access Western Blend, 25% evaporated, 8
hours at 15 °C)
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Vulnerability Assessment

* |dentify vulnerable locations near possible shipping
routes, including:
— Human infrastructure,

— Ecologically significant communities, sensitive species, and
habitats, and sensitive shorelines.

— Response requirements: access, and pre-selection of
appropriate response options

* Initial phases have focussed on the Canadian west
coast, future work will expand to cover four designated
response areas
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Initial Shoreline Studies

* Objectives

— study the fate and behaviour and cleanup of diluted bitumen on
marine shorelines under various conditions

— deliver operational guidance and scientific information that is
legally defensible and credible to spill responders for shoreline
treatment option decisions

* Literature review of the impacts of bitumen and fuels on
marine shorelines

* Initial aerial shoreline survey of the Douglas and
Grenville Channels, BC in 2013 and 2014

* Lead: P. Lambert, B. Hollebone, WS&T
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Shoreline Assessments

2014 and 2013 Shoreline Surveys near Kitimat, BC
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Wildlife Vulnerability Assessment

* Enhance baseline marine bird data by marine tagging
(e.g. GLS, GPS, satellite telemetry) on northern and
central BC coasts, expanding to four designated
response areas this year.

* Targeting focal marine bird species of conservation
concern, in order to put existing occurrence data in the
context of spatial-temporal distributions of regional
populations.

* Conduct baseline monitoring, targeted at specific
locations or specific species groups, within the four
response areas.

— Leads: K. Fort, BC; M-F. Dalcourt, QC; P. Chamberland Atl
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Risk Assessment

* Provide responders with accurate, situation-specific forecasts of spill
evolution

— Predictive numerical modeling capacity to forecast spill evolution and impacts
on identified vulnerabilities

° Work to date: Spill modelling
— Incorporate new databases for oil sands product
— Incorporate new wind and hydrodynamic data
— Simulation of hypothetical spills
— Lead: A Khelifa, WS&T

* Work to date: Weather and Atmospheric Modelling

— Incorporate improved high resolution wind modeling, including high resolution
atmospheric modeling window centered over Northern BC towards the provision
of detailed surface winds and other parameters near the surface.

— Develop hydrological modeling to support DFO's FVCOM.
— Coupling atmospheric and ocean models.
— Lead: R. Hogue, MSC
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Response Tools

* Evaluate technologies and techniques for Physical and
chemical mechanisms that serve to detect, contain, destroy or
mitigate spilled petroleum products.

* Detection

— Portable instruments evaluation and protocol development for in-
sediment shoreline oil and dispersed oil at sea

— Lead: P. Lambert, WS&T

* Countermeasures
— Dispersant testing fresh/weathered dilbit samples

— Continuing evaluation of dispersant, shoreline-treating agent and
other products

— New protocol development
— Lead: B. Fieldhouse, P. Lambert, WS&T
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Response Tools: Detection

* OIll profiling using portable instruments

— ldentification and differentiation of oil (including dilbit) from
background materials in-situ

— Infrared (FTIR) and fluorescence

* Detection and monitoring of oil (including dilbit) in the
water column

— Towed fluorometers

— C- /1>

C-3 Turner o

REAL-TIME DATA COLLECTION & INTEGRATION

Fluorometer with C-ray Deployment Body
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Response tools: Dispersant
Effectiveness

* Two products tested so far: Access Western Blend (AWB)
and Cold Lake Blend (CLB)

* Dispersant effectiveness (Corexit EC9500A) determined by
the low-energy Swirling Flask Test & the high-energy Baffled
Flask Test at temperatures from 5 to 25 °C

* Dispersants were ineffective at all temperatures in the SFT,
while the BFT had a positive response for most conditions

* Estimated “Window of Opportunity” for dispersant
effectiveness limited to <12 hrs at temperatures below 15 °C

“Dilbit” products have very short windows for
application of oil spill dispersants.
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Outputs to date

* Publications

— Yang, C., Wang, Z., Yang, Z., Hollebone, B., Brown, C.E., Landriault, M., Fieldhouse, B.,
Chemical fingerprints of Alberta oil sands and related Products., (2011) Environmental
Forensics, 12 (2), pp. 173-188

e 36t AMOP Technical Seminar on Environmental Contamination and
Response, June 2013 :

— Wang, Z., Yang, C., Yang, Z., Hollebone, B., Brown, C.E., Landriault, M.,
Fieldhouse, B., Liu, Y., Zhang, G., Hewitt, M., Parrott, J., Frank, R.A., Forensic
source differentiation of petrogenic, pyrogenic, and biogenic hydrocarbons in
Canadian oil sands environmental samples, (2013)

* Federal Government Technical Report, 2014

— Environment Canada, Fisheries and Oceans Canada, Natural Resources Canada,
“Properties, Composition and Marine Spill Behaviour, Fate and Transport of Two Diluted
Bitumen Products from the Canadian Oil Sands”.

— http://www.ec.qgc.ca/scitech/6A2D63E5-4137-440B-8BB3-
E3BECED9B02F/1633 Dilbit%20Technical%20Report e v2%20FINAL-s.pdf

* EC OIll Properties Database
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http://www.ec.gc.ca/scitech/6A2D63E5-4137-440B-8BB3-E38ECED9B02F/1633_Dilbit Technical Report_e_v2 FINAL-s.pdf
http://www.ec.gc.ca/scitech/6A2D63E5-4137-440B-8BB3-E38ECED9B02F/1633_Dilbit Technical Report_e_v2 FINAL-s.pdf
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Outputs to date, continued

* International Oil Spill Conference - Poster
— M. Goldthorp, P. Lambert and C. Brown, “Survey of Portable Oil Detection Methods”.

e 37t AMOP Technical Seminar on Environmental Contamination and

Response, Canmore, AB June 2014
— B. Fieldhouse, A. Mihailov, and V. Moruz, “Weathering of Diluted Bitumen and the
Implications to the Effectiveness of Dispersants ”, pp. 388-352.

— M. Goldthorp, B. Fieldhouse, P.G. Lambert, C. Yang, and C.E. Brown, “Oil Profiling Using
Portable Instruments”, pp. 401-414.

— S. Laforest, P.G. Lambert, J. Duffe, L. Gamble, B. Chaudhary, and C.E. Brown, “Studies on
the Fate and Behaviour of Diluted Bitumen on Marine Shorelines”, pp. 415-427.

Future:
° Interspill 2015

— B. Hollebone et al, Simulated Environmental Weathering Behaviours of Diluted Bitumen

— S. Laforest, P.G. Lambert and M. Goldthorp, The development of a shoreline oil spill R&D program for
diluted bitumen on marine shorelines

e 38" AMOP Technical Seminar on on Environmental Contamination
and Response, BC
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Ongoing work

* Preparedness to support response to potential spills:

— Adding new oils to the oil properties and composition database
= Input to Spill models
= Qil forensics for spill monitoring

— Pre-mapping continues in northern BC
— Testing of spill treating agents
— Spill modelling data (meteorology, hydrology, oil properties)

* Research and development to support improved response

— New research on dilbit behaviours: weathering, dispersion,
sedimentation, shoreline “stickiness” and penetration

— Persistence to long-term breakdown
— Better response technologies and detection
— New physics for spill models.
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Thank you!
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Contact Information

Dr. Bruce Hollebone
Emergencies Science and Technology Section
Environment Canada
Email: bruce.hollebone@ec.gc.ca
Tel: (613) 998-9622
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Fate of Diluted Bitumen Spilled in Aquatic
Environments

World Class Tanker Safety System Program

Thomas King
Centre for Offshore Oil, Gas and Energy Research (COOGER)
Department of Fisheries and Oceans Canada

Meeting of the Royal Society of Canada’s Expert Panel on The Behaviour and
Environmental Impacts of Crude Oil Released into Aqueous Environments
Thursday April 9th, 2015

I * Fisheries and Oceans Péches et Océans

Canada Canada
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Government of Canada

* Inresponse to the lack of knowledge and public concerns
raised by these uncertainties the Government Of Canada on
March 18, 2013 announced the World Class Tanker Safety
System (WCTSS).

« Along with Tanker Safety measures, the Minister of Natural
Resources, Joe Oliver announced that the Government of
Canada (DFO, EC, and NRCan) would conduct scientific
research on non-conventional petroleum products, such as
diluted bitumen to enhance understanding of these
substances and how they behave when spilled in the
aquatic environment.

 Research on the fate of these products spilled in aquatic
environments will provide critical information to help assess
the risks associated with a spill.



Comparison

Chemical Physical

Sat Aro Resins  Asph Weathered Density Viscosity

% % g/cm3 mPa.s
15 °C

0.92800 293
0.95150 2471

0.91815
0.92497

0.86070
0.88020
0.86906




Wave Tank Facility
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Topics

Natural weathering of diluted bitumen products.

* Floating versus sinking.
Microbial biodegradation of diluted bitumen products.

Pre-weathered diluted bitumen products treated with chemical
dispersant.



Natural Weathering of Untreated Diluted
Bitumen Products

Two diluted bitumen products (AWB and CLB) were selected for
testing.

The products represent the highest volume of dilbit products
transported by pipeline in Canada.

The oils were exposed to natural sunlight, wind, rain and fog
over a period of 13 days. Current flow of 228 L/min.

Test tank environmental conditions:

« Salinity (p.s.u.) 26.8 = 0.7
* Air Temperature (°C) 179 = 2.5
 Water Temperature (°C) 19.3 = 0.7

Do dilbit products sink or float in low suspended sediment
environment?



Observations




Weather Station Data

Average Average Average
19.0 9.0 56.55

On day five, 42 mm of rainfall entered the wave tank experiment

The average wind speed was 22 km/hr.

The fresh water input created two saline layers in the tank

The upper few inches of seawater had a measured salinity of 17 p.s.u. (density
1.016 g/cm3) and beyond that point the salinity measured 27 p.s.u. (density
1.027 g/cm?).

Note: there are areas in Douglas Channel where the salinity is <20 ppth.



Submerged Oil Balls at Day 6
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. Natural Weathering of AWB and CLB

King et al., 2014 Mar. Pollut. Bull., 83:32-37

¢ Experimental data - AWB
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GC-MS Data
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Field Studies to Evaluate the Microbial
Biodegradation of Diluted Bitumen (dilbit)
Products



Douglas Channel on West Coast of Canada
Collaboration between COOGER and NRC (Montreal)

« Research mission on CCGS John P. Tully to Douglas Channel in
summer of 2014 to collect samples and initiate field experiments

« Genomic study of natural microbes residing in the Douglas
Channel

« Evaluate the ability of indigenous microbes to biodegrade dilbit
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Douglas Channel Sampling Stations
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Exsitu Microcosms

« 150 mL trypsinizing “baffle flasks” (Flasks, caps sterilized)
« Sterile controls (0.1uM filtration)

« Surface (5 m) seawater + amendments

 Incubated at ambient surface seawater temperature

« Mixed on orbital shakers at 150 rpm

 Triplicate treatments

« Chemistry sacrificed at 0, 3, 15, 28, and 42 days
Microbiology sacrificed at 0, 3, and 42 days

MMMMMM



Pacific: Bacterial Community
Composition in Douglas Channel

1.00
. 0.80 m Other*
O m Gammaproteobacteria
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*Other Bacteria include: Acidobacteria, Aquificae, Chlamydiae, Chlorobi, Chloroflexi, Chrysiogenetes, Deferribacteres, Deinococcus-Thermus,
Dictyoglomi, Elusimicrobia, Fibrobacteres, Fusobacteria, Gemmatimonadetes, Lentisphaerae, Nitrospirae, Planctomycetes, Poribacteria,
Epsilonproteobacteria, unclassified (derived from Proteobacteria), Zetaproteobacteria, Spirochaetes, Synergistetes, Tenericutes, Thermodesulfobacteria,
Thermotogae, unclassified (derived from Bacteria), Verrucomicrobia.




Atlantic: Bacterial Community Composition

This is the summer data using the
sampling sites from which the
microcosms were set up.
Flavobacteria
The comparison for the three sites is
between the pyrosequencing of the
16 rRNA gene amplicons (16S) and
the shotgun metagenomic (MG)
analysis and the results are
presented at the class level.
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Although the 16S shows similar
levels of the major classes there is
virtually no resolution of the less
abundant taxa, which are shown in
the MG data.

Sphingobacteria
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Hibernia-16S
Hibernia-MG
Terra Nova-16S
Terra Nova-MG
Thebaud-165
Thebhaud-MG

Also what is interesting is the all
three sites have similar bacterial taxa
in terms of community structure and
relative proportions.




Biodegradation of Dilbit Products with Microbes
Indigenous to Douglas Channel Area
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1st Order Kinetics

-k (days?) r2 Half-life %Biod
CEVD)

Diluted Bitumen (2 to 6 rings Aro, but 2 to 4 rings are dominant)
AWB (Sat) -0.1150 0.9866 6.0

CLB (Sat) -0.1133 0.9789 6.1

AWB (Aro) -0.0038 0.7600 182

CLB (Aro) -0.0046 0.8683 151

Hibernia Crude Oil (2to 6 rings Aro, but 2to 3 rings are dominant)

HC(Sat) -0.0881 0.9837 7.9

HC (Aro) -0.0378 0.8074 18.3

Cc
Percent Biodegradation= [1 - %}x 100 typ = 0-693/k

()




Treatment of Diluted Bitumen Products



Experimental Design

COR SPC Breaking

Breaking
COR SPC Breaking
Breaking

COR-Corexit 9500; SPC-SPC 1000; W-Winter; S-Summer

Oils Pre-weathered: ~8% AWB and ~7% CLB



LISST: Particle Size Distribution Plots

TPC 332 pl/L IFO 180

VMD 18.8 pm TPC 20.2 pl/L

VMD 32.5 um
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Cumulative volume fraction

VDROP model of the oil droplet size
distribution (1.2 m from olil release point)

Zhao et al., 2014 Proceeding of the IOSC; Zhao et al., 2014 Chemical Engineering Science, 253:93-106
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Volume droplet formation model fitted to experimental data from wave tank studies



Comparison of Diluted Bitumen with IFO 180

GoC Technical Report, 2013, Cat. No.: En84-96/2013E-PDF ; King et al., 2015 Environ. Eng. Sc.,
(32)3:250; IFO data from Li et al. 2010 MPB 60:1550-1559

Oils Pre-weathered: ~8% AWB and ~7% CLB
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Saturates Profile
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Ongoing Work

Second GoC report in 2015.

Additional products: dilbit, synbit, railbit, and syndilbit that
require research to determine their fate in fresh, brackish, and
marine environments.

Exsitu and Insitu biodegradation of oil products
Oil/Sediment interactions

Under phase II-ARP: identify knowledge gaps on the fate and
behavior of oil products transport in and out of four pilot ports
(e.g. Port Hawkesbury; Port of Saint John, Port Vancouver, and
Port of Montreal) throughout Canada.



Thank You

Contact Information

Thomas King
Centre For Offshore QOil, Gas and Energy Research
Fisheries and Oceans Canada

Email: thomas.king@dfo-mpo.gc.ca
Tel: (902) 426-4172
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Guidelines to Prepare for Oil Sands Product Spills in VVaried Aquatic Environments

Benjamin Douglas Silliman
Student, The College of William and Mary
Mailing Address: CSU 3129 110 Sadler Center, Williamsburg, VA 23185

ABSTRACT 299945:

On July 24, 2007, the Westridge Transfer Line in Burnaby, British Columbia, ruptured
spilling 1,400 barrels of oil sands product into the area’s storm water systems and eventually into
the Burrard Inlet at Vancouver Harbor. The response to this spill was considered successful and
there is no record of oil sinking. Several years later, in July of 2010, the Line 6B pipeline
operated by Enbridge Energy Partners LLP ruptured spilling 20,082 barrels of oil sands product
into the Kalamazoo River. In contrast to the Burnaby spill, this response was extremely difficult
due to the sinking of large quantities of oil. The variance in fate and behavior of the oil sands
products in these two spills demonstrates how environmental factors can result in different
response challenges.

Many environmental factors affect the fate of spilled oil sands products in aquatic
environments because bitumen, a large component of oil sands products, has a density greater
than freshwater. By analyzing specific factors in areas at risk, responders can better prepare for,
and expect, submergence in oil sands product spills. Areas identified to have low salinity, rough
sedimentation, high turbidity, strong sunlight exposure, high temperatures, and strong currents
have a high risk of submergence. Response teams in these areas of high risk should have
submerged oil recovery equipment readily available for rapid deployment.

INTRODUCTION:

Oil sands are a source of crude oil that have recently begun large scale production. The
rate of production in Alberta, Canada is projected to increase from 1.80 million barrels a day in
2012 to 5.21 million barrels a day in 2030 (Canadian Association of Petroleum Producers, 2013).
Oil sands products differ from conventional oil because they are comprised mostly of bitumen.
Bitumen is a type of oil that during its formation was not heated enough to pasteurize. As a
result, bacteria in the bitumen degraded the smaller hydrocarbons in the forming mixture leaving
only large molecules. For this reason, bitumen is very viscous and dense having an API gravity
of around 8°, even more dense than fresh water (API gravity of 10°) (Crosby, 2013.) It is
important that responders be aware of the high density and be informed of other external factors
in their geographic area of responsibility which could facilitate the submergence of spilled oil
sands products.

426



299945
2014 INTERNATIONAL OIL SPILL CONFERENCE

TRANSPORTATION:

Oil sands products are transported throughout North America by three basic means:
pipeline, railcar, and shipment. Each of these transportation methods presents its own risks to
aquatic environments.

Diluent:

Due to the high viscosity of bitumen, it is often diluted for easier transport. Common
diluents are natural gas condensate and synthetic crude oil. These diluents have very low
densities and viscosities. Once mixed with a diluent, bitumen acts similarly to conventional oil
and the density and viscosity is significantly reduced. When bitumen is mixed with natural gas
condensate, the product is called dilbit. Synthetic crude oil is made by thermally cracking
bitumen to make lighter hydrocarbons. When it is mixed with bitumen the product is called
synbit. If both diluents are used to dilute bitumen, the product is called dilsynbit.

Pipeline:

A diluent must be added to raw bitumen before it can be transported through a pipeline.
Pipeline oil sands products spills present unique response challenges because diluent can
evaporate from bitumen as it weathers. The evaporation of the lighter hydrocarbons gradually
concentrates the larger hydrocarbons making the diluted bitumen more dense. The increased
density can result in submergence.

Major pipelines originate in Alberta, Canada and cross into the United States in North
Dakota. The pipelines divide and one section, the Keystone pipeline, carries oil sands products
south into Texas. A series of pipelines managed by Enbridge Energy Partners LLP carries diluted
bitumen east into Missouri. An expansion of the Keystone pipeline, which is currently in debate,
would extend the transportation routes across Montana, South Dakota, and Nebraska. A detailed
map of the major pipelines is given in Appendix A.

Railcar:

The transportation of oil sands products via railcar does not require bitumen to be mixed
with a diluent. Instead, bitumen is loaded into a heated railcar. The advantage of railway
transport is that there is a very well developed system of railways in North America, and the oil
sands products can be transported virtually anywhere. If a railcar were to spill undiluted bitumen
over fresh water, it would sink. However, due to the high viscosity of undiluted bitumen, it
would affect a relatively small area only.

Shipment:

The shipment of oil sands products also does not require a diluent. Marine shipment is
used primarily to transport undiluted bitumen to Puget Sound, the Gulf of Mexico, and the Gulf
of Maine (Crosby, 2013.) A spill of undiluted bitumen from a vessel directly onto ocean water
creates a risk of contamination of many vital marine resources and would likely form tar balls
which could wash up along the coast.

Shipment can also be used to transport undiluted bitumen along inland fresh water
systems. The Great Lakes region and the Mississippi River are expected to see increased barge
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transportation of undiluted bitumen. A spill of undiluted bitumen from a barge into a major river
system has a large risk of submergence.

ENVIRONMENTAL FACTORS:

Weathering is a major factor that determines the behavior of spilled oil. Weathering is the
result of evaporation, emulsification, sediment uptake, and photo-oxidation. Evaporation is the
transition of oil in a liquid phase to a gas phase and is influenced by temperature, wind, and
atmospheric pressure. Emulsification is the physical mixing of two non-soluble substances. In
most cases, an oil emulsion is the suspension of water droplets in oil. Water energy, turbulence,
and the amount of wind can greatly affect the extent of emulsification. Sediment uptake occurs
when oil picks up sediment. This is largely affected by the type of sediment and the turbidity of
the water. Photo-oxidation is a chemical reaction caused by the exposure to ultraviolet light.
Each of these weathering processes is significantly influenced by a variety of environmental
factors which vary greatly among geographic regions.

Sedimentation and Turbidity:

Sediment particle interaction is common in many oil spills, and often causes oil to
submerge. Two processes cause submergence: sediment can become trapped in the oil increasing
the overall density of the oil, or oil can become adsorbed onto an individual particle and be
pulled down as the particle sinks again (Fingas). At a suspended particulate matter concentration
of 10 mg/L significant absorption and adsorption occurs. At concentration levels above 100
mg/L, even conventional oils are recorded to submerge (Rymell, 2009.) It is easier for sediment
to become trapped in viscous oil sands products than in conventional oils. Rougher sediment is
more capable than smooth sediment to adsorb thicker layers of oil due to its increased surface
area.

The turbidity of the body of water is an important factor that controls the speed and
extent of sediment particle interaction. Rivers and bodies of water with strong currents and
waves will carry larger amounts of sediment. Generally, the more sediment that is able to interact
with oil the more dense the oil will become.

Salinity:

High salinity in an aquatic environment is important because salt content raises the
density of water. Sea water has an API gravity of about 6° (Crosby, 2013). Because seawater is
more dense than bitumen, there is less of a chance that oil sands products will completely
submerge.

Current:

In a still environment, current will have little impact, but in a fast moving environment
like a river, current and turbulence can push oil underwater. When water temporarily covers oil,
it is called overwash. Overwash is more likely with oil sands products because of its higher
viscosity. Oil with a high viscosity gives a stronger platform for water to push down on, whereas
less viscous oils are more easily separated by the force of the water (Rymell, 2009). A strong
current also creates a greater chance for the oil to make an emulsion.
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Temperature:

Temperature influences many aspects of weathering, especially the rate of evaporation of
spilled oil. This is mostly important for diluted oil sands product spills from pipelines, because
diluent will evaporate faster than bitumen. As the diluent evaporates, it concentrates the bitumen
raising the density and viscosity of the mixture. In a warm environment the diluent will
evaporate faster than in a cold environment. However, during the response to the Kalamazoo
River spill in 2010, as temperature increased, some of the submerged oil resurfaced because the
oil separated from the sediment.

Sunlight:

In the presence of ultraviolet light, the hydrocarbons in oil undergo photo-oxidation.
Photo-oxidation is a photo-catalytic process in which ultraviolet light causes oxygen gas to react
with hydrocarbons in the oil. The result is a crusty, dense layer on the surface of the oil which
can push the oil into the water. (Alberta Oil Sands Workshop, 2013)

BURNABY BAY vs. KALAMAZOO RIVER:

Two well documented spills of oil sands products are the Burnaby Bay spill in Vancouver
Harbor and the Kalamazoo River spill in Michigan. The two spills had very different response
challenges, highlighting the varied response needs of different environments.

On July 24, 2007, the Westridge transfer line in Burnaby, British Columbia ruptured and
1,400 barrels of oil sands products spilled into the area’s storm water systems and eventually into
the Burrard Inlet. The response to this spill was relatively easy, as none of the diluted bitumen
was recorded to sink. Response teams were able to respond to the spill almost immediately and
contain it effectively.

However, when Line 6B ruptured near the Kalamazoo River in July 2010, spilling 20,082
barrels of dilbit into a tributary of the Kalamazoo River, there was a much different outcome.
Response teams arrived on the scene late, because the spill was not discovered until 17 hours
after the event. Additionally, Enbridge Energy Partners LLP, the responsible party, did not
immediately inform the response crews that the spill consisted of diluted bitumen and not
conventional oil. The spill was eventually contained 40 miles from the spill point. Some of the
oil had submerged in the river calling for extremely difficult, expensive, and damaging recovery
techniques such as dredging. The recovery costs of the spill were approximately $1 billion
(Alberta Oil Sands Workshop, 2013).

There were many factors which contributed to the increased severity of the Kalamazoo
River spill compared to the Burnaby Bay spill. An important reason was due to the differences in
environmental characteristics between the two spill sites. First, the Kalamazoo River has
different sedimentation than Burnaby Bay. Rivers often carry larger and rougher sediment that
have not fully eroded into the smooth pieces found near the shore. Second, the Kalamazoo River
was at flood stage and had a more substantial current than Burnaby Bay, facilitating sediment
uptake. Third, Vancouver Harbor is cold and the rate of evaporation for the diluent was slower
than that of the Kalamazoo River spill. Fourth, the Kalamazoo River is a body of fresh water,
while Burnaby Bay, connected to VVancouver Harbor, has a much higher salinity.
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These two spills show how different environments can create differences in the fate of
spilled oil sands products. Burnaby Bay had many natural characteristics which made the sinking
of oil sands products either unlikely or slow. Conversely, the Kalamazoo River had attributes
which facilitated the sinking of dilbit, and after a short period of time, the spilled dilbit
submerged. The late arrival of the response teams added to the difficulty because the oil sands
products were given time to weather. If the spill had been attended to sooner, less of the oil
would have submerged.

RESPONSE PREPARDNESS:

Because there is a period when oil sands products act in a similar manner to conventional
crude oil, quick response is imperative. Response teams should arrive as early as possible to the
scene. In order to have a timely response, Area Committees and responders should identify any
means of oil sands product transportation that may pass through their area of responsibility. If
one or more are found, the environment around the threat should be analyzed for the key factors
which can lead to submergence of oil sands products.

e Low Salinity
Rough Sedimentation
High Turbidity of water
Sunlight Exposure
Strong Current
e High Temperatures
If one or more of these factors is present in the area at risk, then the area must equip itself with
the proper equipment to respond to submerged oil within a few days of the spill. Response plans
should be updated accordingly.

These areas at risk should have access to, and be able to deploy, advanced submerged oil
detection methods. Current prototypes of seafloor sonar and fluorosensor devices can scan for
submerged oil. These machines are not yet completely efficient, and more research is needed to
reduce background light interface and interference from topography and murky waters.
However, they can detect large areas of sunken oil and can be used as a preliminary detection
technique to avoid more labor intensive methods. The simultaneous use of multiple types of
sensors can reduce the risk of a faulty detection. It is recommended that more resources be
devoted to developing these sensors further. (Hanson, 2009)

If sunken oil is detected, steps must be taken to quickly contain the submerged oil to
prevent it from spreading along the seafloor or riverbed. Containment can be accomplished with
submerged booms and trawl nets. Submerged oil can be recovered in a variety of ways, most
efficiently with divers armed with vacuum pumps. Other methods include using sorbent
materials and, in extreme cases, dredging. For a large spill, divers should be deployed as soon as
possible (and safe) to clean up the spilled oil before too much accumulates to be cleaned with a
vacuum. A swift response can prevent the need for a very costly and environmentally damaging
dredging process. If dredging does become necessary, it should be confined to the smallest
possible area.
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Regions at Risk:

In the United States, there are numerous areas which are under threat of an oil sands
product spill. Particularly high risk areas for sunken oil are the Mississippi River, the Arkansas
River, the Missouri River, and the Red River, along with their tributaries. These areas are at high
risk for oil sands products spills because they intersect major pipelines. These rivers also have
fast moving water with high turbidity and low salinity. Responders should expect oil sands
products in these areas to sink. Sunken oil detection, containment, and recovery equipment
should be readily accessible and deployed soon after the initial response.

The Great Lakes, specifically Lake Superior, Lake Michigan, and Lake Huron, are also at
risk of a spill. They have less risk of submergence than rivers because the current is not as strong
and less sediment can interact with the oil. They also have lower temperatures which will slow
the evaporation of diluent. However, the great lakes are fresh water, so if the spill remains in the
water for an extended period there is a chance the oil may sink. The threat of the oil sinking
should not be ignored and access to sunken oil equipment should be readily available.

The Gulf of Mexico, the Gulf of Maine, and Puget Sound also face the threat of an oil
sands products spill from marine shipment. Due to the salinity of the sea water in these areas,
there is a lesser chance of large-scale sinking. However, nearby coastlines should be warned of
the potential for tar balls to wash up on shore. Responders should react to spills as if they were
conventional oil, but be wary of the differences.

First Responder Health Risks:

Successful response to diluted or undiluted bitumen spills will often require a quick
response. It is important that first responders be aware of the health risks involved in a diluted
bitumen spill. Higher concentrations of benzene in air were found around spilled diluted bitumen
than conventional crude oil. Diluent used to dilute bitumen has a very low flashpoint and creates
a flammability risk. Bitumen also has higher sulfur concentrations than most conventional crude
oils. (Crosby, 2013) First responders must be prepared with proper safety equipment before
attempting to help with the cleanup. Exposure time must also be monitored and limited for first
responders.

CONCLUSION:

Oil sands products are becoming an increasingly prevalent source of crude oil for North
Americans. Due to its high concentration of large hydrocarbons, they have a density similar to
water and a much higher density and viscosity than conventional oil. This leads to different
response challenges that are dependent on environmental characteristics. Key characteristics of
aquatic environments that facilitate the sinking of oil sands products are low salinity, rough
sedimentation, high turbidity, heavy sunlight exposure, strong currents, and high temperature.
For any area of responsibility that identifies oil sands products threats in an environment that has
any of these key characteristics, responders must prepare to deploy submerged oil equipment
quickly to prevent the accumulation of submerged oil.
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APPENDIX

Canadian and U.S. Oil Pipelines
- Enbridge Pipelines, AB Clipper

and connections to the U.S. Midwest
—_ Kinder Morgan Express
— Kinder Morgan Trans Mountain
=== TransCanada Keystone
- Proposed pipelines to the West Coast

— \ == Existing / Proposed pipelines to PADD Il
EETE Expansion to existing pipeline

Appendix A: A map displaying the current and proposed major pipeline routes in North America which transport oil
sands products. (Canadian Association of Petroleum Producers, 2012)
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environment was negatively affected. Cleanup efforts continue as of the adoption date of this report, with
continuing costs exceeding $767 million. About 320 people reported symptoms consistent with crude oil
exposure. No fatalities were reported.
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Executive Summary

On Sunday, July 25, 2010, at 5:58 p.m., eastern daylight time, a segment of a
30-inch-diameter pipeline (Line 6B), owned and operated by Enbridge Incorporated (Enbridge)
ruptured in a wetland in Marshall, Michigan. The rupture occurred during the last stages of a
planned shutdown and was not discovered or addressed for over 17 hours. During the time lapse,
Enbridge twice pumped additional oil (81 percent of the total release) into Line 6B during two
startups; the total release was estimated to be 843,444 gallons of crude oil. The oil saturated the
surrounding wetlands and flowed into the Talmadge Creek and the Kalamazoo River. Local
residents self-evacuated from their houses, and the environment was negatively affected.
Cleanup efforts continue as of the adoption date of this report, with continuing costs exceeding
$767 million. About 320 people reported symptoms consistent with crude oil exposure. No
fatalities were reported.

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:

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

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

e 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.

Safety issues identified during this accident investigation include the following:

e The inadequacy of Enbridge’s integrity management program to accurately
assess and remediate crack defects. Enbridge’s crack management program relied
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on a single in-line inspection technology to identify and estimate crack sizes.
Enbridge used the resulting inspection reports to perform engineering assessments
without accounting for uncertainties associated with the data, tool, or interactions
between cracks and corrosion. A 2005 Enbridge engineering assessment and the
company’s criteria for excavation and repair showed that six crack-like defects
ranging in length from 9.3 to 51.6 inches were left in the pipeline, unrepaired, until
the July 2010 rupture.

The failure of Enbridge’s control center staff to recognize abnormal conditions
related to ruptures. Enbridge’s leak detection and supervisory control and
data acquisition systems generated alarms consistent with a ruptured pipeline on
July 25 and July 26, 2010; however, the control center staff failed to recognize that
the pipeline had ruptured until notified by an outside caller more than 17 hours later.
During the July 25 shutdown, the control center staff attributed the alarms to the
shutdown and interpreted them as indications of an incompletely filled pipeline
(known as column separation). On July 26, the control center staff pumped additional
oil into the rupture pipeline for about 1.5 hours during two startups. The control
center staff received many more leak detection alarms and noted large differences
between the amount of oil being pumped into the pipeline and the amount being
delivered, but the staff continued to attribute these conditions to column separation.
An Enbridge supervisor had granted the control center staff permission to start up the
pipeline for a third time just before they were notified about the release.

The inadequacy of Enbridge’s facility response plan to ensure adequate training
of the first responders and sufficient emergency response resources allocated to
respond to a worst-case release. The first responders to the oil spill were
four Enbridge employees from a local pipeline maintenance shop in Marshall,
Michigan. Their efforts were focused downstream along the Talmadge Creek rather
than near the immediate area of the rupture. The first responders neglected to use the
culverts along the Talmadge Creek as underflow dams to minimize the spread of oil,
and they deployed booms unsuitable for the fast-flowing waters. Further, the oil spill
response contractors, identified in Enbridge’s facility response plan, were unable to
immediately deploy to the rupture site and were over 10 hours away.

Inadequate regulatory requirements and oversight of crack defects in pipelines.
Title 49 Code of Federal Regulations (CFR) 195.452(h) fails to provide clear
requirements for performing an engineering assessment and remediation of crack-like
defects on a pipeline. In the absence of prescriptive regulatory requirements,
Enbridge applied its own methodology and margins of safety. Enbridge chose to use a
lower margin of safety for cracks than for corrosion when assessing crack defects.
PHMSA expects pipeline operators to excavate all crack features; however, PHMSA
did not issue any findings about the methods used by Enbridge in previous
inspections.

Inadequate regulatory requirements for facility response plans under
49 CFR 194.115, which do not mandate the amount of resources or recovery
capacity required for a worst-case discharge. In the absence of such requirements,
Enbridge interpreted the level of oil response resources required under PHMSA’s
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three-tier response time frame, resulting in a lack of adequate oil spill recovery
equipment and resources in the early hours of the first response. By contrast, the
U.S. Coast Guard (Coast Guard) and the U.S. Environmental Protection Agency
(EPA) regulations specify effective daily response capability for each of the
three tiers for oil spill response planning.

PHMSA'’s inadequate review and approval of Enbridge’s facility response plan
that failed to verify that the plan content was accurate and timely for an
estimated worst-case discharge of 1,111,152 gallons. PHMSA’s facility response
program oversaw 450 facility response plans with 1.5 full-time employees, which is a
lower staffing commitment than comparable response plan review programs carried
out by the EPA and the Coast Guard. PHMSA and other Federal agencies receive
funding from the Oil Spill Liability Trust Fund to cover operational, personnel,
enforcement, and other related program costs.

As a result of this investigation, the NTSB makes safety recommendations to the

U.S. Secretary of Transportation, PHMSA, Enbridge, the American Petroleum Institute, the
Pipeline Research Council International, the International Association of Fire Chiefs, and the
National Emergency Number Association. The NTSB also reiterates a previous recommendation
to PHMSA.
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1 Factual Information

1.1 Introduction

On Sunday, July 25, 2010, at 5:58 p.m., eastern daylight time,' a segment of
a 30-inch-diameter pipeline (Line 6B), owned and operated by Enbridge Incorporated
(Enbridge) ruptured in a wetland in Marshall, Michigan, about 0.6 mile downstream of the
Marshall Pump Station (PS), releasing about 843,444 gallons of crude oil.> The accident pipeline
was part of Enbridge’s liquid pipeline system that originates in Edmonton, Alberta, Canada,
and terminates in Sarnia, Ontario, Canada. The 1,900-mile U.S. portion, known as the
Lakehead System, consists of pipelines of various diameters and ages operated from a control
center in Edmonton. Line 6B is a 293-mile section of the Lakehead System, which crosses the
state of Michigan joining Griffith, Indiana, to Sarnia. (See figure 1.)

Line 6B was installed in 1969 and constructed from 30-inch-diameter carbon steel pipe
wrapped with a single layer of polyethylene tape. The ruptured pipe segment was manufactured
to an American Petroleum Institute (API) Standard 5LX® grade X52* specification with a
0.25-inch wall thickness and a double submerged arc welded (DSAW) longitudinal seam; it was
cathodically protected. Immediately prior to the accident, the highest recorded downstream
pressure at the Marshall PS was 486 pounds per square inch, gauge (psig).® During 2010,
Line 6B transported about 11.9 million gallons of crude oil per day.

The rupture occurred in the final stages of a planned Line 6B shutdown that was
scheduled to have the pipeline out of operation for 10 hours. The shutdown, started at 5:55 p.m.,
was performed in just a few minutes by shutting off pumps from the Griffith PS to the
Marshall PS while increasing pressure at a pressure control valve that was downstream of the
Marshall PS at the Stockbridge Terminal. (The shutdown, during which oil would not be pumped
through the pipeline, had been planned to accommodate the oil delivery schedule at the
Griffith Terminal.) About 1 minute after increasing the pressure at the Stockbridge Terminal, the
pipeline ruptured downstream of the Marshall PS. Multiple alarms were immediately generated
at the Enbridge control center following the rupture, but Enbridge staff believed the alarms

L Al times in this report are eastern daylight time unless otherwise specified.

% Line 6B transports multiple grades of heavy bituminous crude oil from the oil sand regions of Western Canada
that require dilution with lighter petroleum products to enable the crude to flow easier. For simplicity, this report
will refer to the product in Line 6B as crude oil.

% The API develops industry-based consensus standards that support oil and gas production and distribution.
API 5LX is a specification for line pipe.

* Grade X52 signifies that the pipe has a specified minimum vyield strength (SMYS) of 52,000 pounds per
square inch (psi). Yield strength is a measure of the pipe’s material strength and indicates the stress level at which
the material will exhibit permanent deformation. Although yield strength is expressed in psi, this value is not
equivalent to a pipe’s internal pressure.

5 - . . .
Psig is a unit of measure for pressure expressed relative to pressure exerted by the surrounding atmosphere.
Psi will be used in this report as a unit of measure for stress and is a measure of force acting over a given area.
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resulted from a combination of column separation® and erratic pressures generated during
shutdown rather than a rupture.

=== Enbridge Liquids System
= |_akehead System
== Line 6B

© Edmonton Control Center

O Pump Station

Figure 1. Enbridge’s Liquids System and the 1,900-mile Lakehead System (the U.S. portion).
Inset shows Line 6B, the 293-mile extension from Griffith to Sarnia installed in 1969.

To resume operations following the planned 10-hour shutdown, Enbridge staff started
Line 6B once at 4:04 a.m. on July 26 and pumped oil for about 1 hour before shutting down the
line. At 7:20 a.m., Enbridge staff started Line 6B again and pumped oil for about 30 minutes
before shutting down the line. During the two startups and 1.5 hours of operation, Enbridge staff
pumped about 683,436 gallons of oil’ (81 percent of the total release) into the ruptured pipeline
without seeing an increase in the pressure. Leak-detection alarms were generated, but Enbridge
staff continued to believe the alarms were the result of column separation, even though the
Marshall area was relatively flat, without significant elevation changes. Enbridge staff also

® Column separation is a condition indicating a mixture of liquid and vapor—a vapor bubble—exists in the
pipeline. Column separation usually occurs at changes in elevation or where liquid does not completely fill the
pipeline. The immediate area around the Marshall PS was relatively flat; however, a 100-foot elevation increase
existed about 13 miles downstream. For more information about column separation, see section 1.11.5.4, “Column
Separation,” of this report.

" AnNTSB study estimated this amount.
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considered operational changes implemented before the startups, including a Niles PS shutdown
and valve closure (due to an in-line crack inspection) and the possibility that large volumes of oil
had settled into lower elevations and delivery locations, to be complicating factors.

The Calhoun County 911 dispatch center received the first call about odors associated
with the oil release about 9:25 p.m. on July 25 (3.5 hours after the rupture) and dispatched
firefighters from Marshall City; however, firefighters were unable to pinpoint a source of the
odors. A gas utility worker, responding to the area because of numerous calls about gas odors,
notified the Enbridge control center about oil on the ground at 11:17 a.m. on July 26 (more than
17 hours after the rupture). In less than 5 minutes, Enbridge staff began closing remote valves
upstream and downstream of the rupture, sealing off the site within a 2.95-mile section.

The fracture in the ruptured segment measured 6 feet 8.25 inches long and up to
5.32 inches wide. (See figure 2.) External corrosion was present along the longitudinal weld
seam and in areas where the adhesive bond between the pipe and its protective polyethylene tape
coating had deteriorated (disbonded). The coating was wrinkled and had separated from the pipe
surface as shown in the red circle in figure 2.

Figure 2. The ruptured segment of Line 6B in the trench following the July 25, 2010, rupture.
The fracture face measured about 6 feet 8.25 inches long and was 5.32 inches wide at the
widest opening. The fracture ran just below the seam weld that was oriented just below the
3 o'clock position. A red circle shows a location where the coating was wrinkled and had
separated from the pipe surface.
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The crude oil release soaked the rupture site and the surrounding wetlands, eventually
spreading to the Talmadge Creek and the Kalamazoo River. Enbridge’s early response efforts
were focused downstream of the rupture. Recent heavy rainfall had increased the flow of the
Talmadge Creek and the Kalamazoo River, which spread the oil faster, hindering the response
efforts. (See figure 3.)

Path of oil flow
into Talmadge

——

__CleanupSitesnea 45
rupture area” b Talmadge Creek
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Figure 3. Aerial view of the accident location showing the rupture site to the left and the
Talmadge Creek flowing west toward the Kalamazoo River.

The wetland conditions in addition to the crude oil release made it difficult for vacuum
trucks and excavators to get near the rupture location. Large wooden matting had to be placed
around the rupture location to bring heavy equipment close to the release. (See figure 4.) The
conditions at the accident site also delayed efforts to extract the pipe and to contain the oil near
the rupture source.
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Figure 4. Cleanup efforts in an oil-soaked wetland near the rupture site. Saturated soil
complicated the cleanup and excavation efforts. An excavator with a vacuum attachment is
shown situated on wooden matting near the rupture site.

Figure 5 shows a timeline highlighting the accident events that spanned over 17 hours
from the time of the rupture until the Enbridge control center was made aware of it. Figure 6
shows the key Enbridge staff involved.
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Figure 5. Key events timeline of the Line 6B rupture in Marshall, Michigan, showing the events from the time of rupture on
July 25, 2010, to the time of discovery on July 26, 2010.
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Edmonton Control Center

Line 6B shutdown Line 6B startups Discovery of oil

Shift A Shift B Shift C
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Figure 6. Key Enbridge staff involved in the 17-hour accident sequence. MBS refers to Material
Balance System.
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1.2 Accident Narrative

1.2.1 Preaccident Events

The planned shutdown of Line 6B was scheduled to begin following the last crude oil
delivery to the Stockbridge Terminal, located downstream of the Marshall PS (see figure 7). A
shutdown was to be performed by pipeline operator Al, sequentially, in the direction of flow, by
turning off the pumps at the following PSs: Griffith, La Porte, Niles, Mendon, and Marshall. The
shutdown was started at 5:55 p.m. by stopping two pumps at the Griffith PS and a pump at the
La Porte PS. At 5:57 p.m., operator Al increased the upstream pressure at a pressure control
valve® at the Stockbridge Terminal before stopping a pump at the Niles PS and a pump at the
Mendon PS about 1 minute later.

1.2.2 The Rupture—Shift A

The rupture occurred on July 25, 2010, at 5:58 p.m. in the final minute of a planned
Line 6B shutdown, about 45 seconds after operator A1%° increased upstream pressure (toward
the Marshall PS) at a pressure control valve located at the Stockbridge Terminal and had stopped
pumps at the Niles and the Mendon PSs. When the pipeline segment ruptured, the Marshall PS
shut down automatically and three alarms almost simultaneously appeared on operator Al’s
supervisory control and data acquisition (SCADA) system display: an invalid-pressure* alarm (a
severe alarm),*? a low-suction-pressure alarm (a warning alarm),™® and a station local shutdown
alarm** (a warning alarm). The first two alarms cleared within 5 seconds but then reappeared
because of the pressure changes resulting from the rupture. Within the same few seconds,
operator Al stopped the Marshall PS as part of the planned shutdown; he later told investigators
that he had not recognized that a rupture had occurred. After the pipeline shut down, valves were
closed at the Niles PS (see figure 7) to accommodate a Line 6B in-line inspection tool*® that had
been launched the previous day.

8 Operator Al increased the holding pressure from 50 to 200 psig at the Stockbridge Terminal pressure control
valve (see appendix C for more information).

o Operator Al had 29 years of pipeline operator experience but was requalifying after a 6-month-long disability
leave from the control center. During his requalification, a mentor was overseeing his work. The mentor (operator
AZ2) had an equivalent amount of experience.

19 Control center operators were responsible for the operation of multiple pipelines and sometimes pipelines and
terminals. The Line 6B operator (operator A1) was also responsible for Lines 3, 17, and 6A.

1 This alarm was generated by the Line Pressure Management (LPM) system, which is designed to protect the
pipeline from being overpressured.

12 Enbridge defined a “severe alarm” as requiring the control center operator to notify the shift lead, advise the
on-site/on-call staff, and create an entry in the facility maintenance database system.

13 H H £, H ” H H H HH
~ Enbridge defined a “warning alarm™ as discretionary operator response dependent on operating conditions.
Multiple alarms can result in an increased severity.

1% These latter two alarms were generated by the Marshall PS.

15 A cleaning tool and an in-line crack inspection tool were launched on July 24 at the Griffith Terminal,
separated by about 5 miles. They remained upstream of the Niles PS even after the oil release was identified. The
tools remained in the pipeline until the failed section was replaced and Line 6B returned to service in
September 2010.
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Figure 7. Simplified schematic of Line 6B, showing pump stations and delivery locations.

By 6:03 p.m., operator Al had received several more alarms related to the Line 6B
rupture, including a 5-minute Material Balance System (MBS) alarm® (a severe leak alarm),
another low-suction-pressure alarm, and six additional invalid-pressure alarms. (All of the alarms
were indications of the rupture.) The 5-minute MBS alarm indicated that a large oil volume
imbalance had been detected in the pipeline. Operator Al informed shift lead Al about the MBS
alarm, and shift lead Al contacted MBS analyst A about the MBS alarm.

At 6:05 p.m., MBS analyst A called operator Al to explain that he had concluded column
separation near the Marshall PS had generated the MBS alarm.

Within minutes, the MBS alarm cleared on its own. (MBS alarms clear after a shutdown
because the oil flow stops.) About this time, MBS analyst A told shift lead A2 about the alarm,
his conclusion about its suspected cause, and its status. There was no further discussion about the
MBS alarm during the shift.

16 A single MBS alarm may be associated with multiple instances of column separation. MBS alarms display as
5-minute, 20-minute, or 2-hour alarms, indicating relative leak size. The 5-minute alarm represents the largest leak
rate, and the 2-hour alarm represents the smallest leak rate.
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Operators Al and A2'" independently told National Transportation Safety Board (NTSB)
investigators that when the MBS alarm had cleared, they were no longer concerned about the low
pressure at the Marshall PS because they believed the alarms were related to column separation
and the shutdown. Line 6B remained shut down®® for 10 hours, as scheduled. The Marshall PS
pressures remained at zero.

1.2.3 First Line 6B Startup—Shift B

The Sunday second shift control center staff took over operations between 8:00 p.m. and
8:30 p.m.* During shift rotations, a verbal exchange of operational information, known as a shift
exchange, took place among the control center operators, MBS analysts, and the shift leads. At
the time of the accident, Enbridge had a procedure that required specific information to be
exchanged during shift changes, but no formal documentation or written record of the exchanged
information was required.

Shift lead B1 told investigators that, during the shift exchange, he was not informed about
the previous shutdown or the pending startup of Line 6B, the MBS alarm, or the in-line
inspection tool in Line 6B. Operator B1? said that he was not informed about the alarms that
occurred during the shutdown but that he had been told about the scheduled Line 6B startup, the
in-line inspection, and the Niles PS valve closure for the in-line inspection. He stated that he
expected the Line 6B startup would be difficult because of the Niles PS being shut down to
accommodate the in-line inspection tool. This meant that the Niles PS pumps could not be
operated and the pressures would be lower coming into the Mendon PS (upstream of the
Marshall PS). He did not question the low pressures at the Marshall PS.

At 8:56 p.m., Michigan Gas Utilities dispatched a senior service technician to respond to
a residential report of natural gas odor. At 9:25 p.m. on July 25, a local resident called the
Calhoun County 911 dispatch center and stated the following:

I was just at the airport in Marshall and drove south on Old 27 [17 Mile Road]
and drove back north again and there’s a very, very, very strong odor, either
natural gas or maybe crude oil or something, and because the wind’s coming out
of the north, you can smell it all the way up to the tanks, right across from where
the airport’s at, and then you can’t smell it anymore.

By 9:32 p.m., the Marshall City Fire Department had been dispatched in response to the
9:25 p.m. call to 911. The 911 dispatcher told the responders there was a report of a bad smell of
natural gas near the airport.

o Operator A2 told investigators that she was working on special projects alongside operator A1 when the
accident occurred. She said she was aware of the MBS alarm but not directly involved with handling it.

18 When Line 6B was shut down, valves upstream and downstream of the rupture were closed, isolating a
75-mile span of the line and the rupture site.

19 The control center work shifts were 12 hours.

20 Operator B1 had about 3.5 years experience in the Edmonton control center as a pipeline operator. See
table 3 for further information about control center staff experience.

10
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Marshall City Fire Department personnel responded to the area near the airport and
requested the Marshall Township Fire Department to respond as well. To find the source of the
odor, fire department personnel investigated several pipeline facilities and industrial buildings
around Division Drive and 17 Mile Road, using a combustible gas indicator®* to try to locate the
origin of the odor. No combustibles were detected. The Michigan Gas Utilities senior service
technician crossed paths with some of the fire department personnel also trying to locate the
source; he found no evidence of a gas leak. The fire department personnel departed the scene at
10:54 p.m. to return to the station. At 11:33 p.m., an employee at a business called 911 to report
a natural gas odor. The 911 dispatcher explained that the fire department had already responded
to calls in the area, and no more personnel were dispatched.?” (See figure 8.)

PHOINAFLL

* First 911 call
[] Call made on 7/25
(] Call made on 7/26

Not to scale

| T —
|

|, 7/25,9:25 p.m., Old 27 south of airport*

B PuRIN /G

Figure 8. Emergency response and 911 calls from nearby residents. First and last calls are
noted.

2! Because a combustible gas indicator measures percentage of the lower explosive limit, it likely would not
detect the oil unless it was very close to the source.

22 Over the next 14 hours, the local 911 received seven more calls reporting strong natural gas or petroleum
odors in the same vicinity. The 911 dispatcher repeatedly informed the callers that the fire department had been
dispatched to investigate the reported odors.
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On Monday, July 26, at 4:00 a.m., while preparing to start Line 6B for deliveries into the
Marysville and Sarnia Terminals, operator B1 reduced pressure settings at two PSs (Marshall and
Mendon) upstream of a valve that had lost communication.? Line 6B was going to be started
without the Niles PS, which remained out of service for the in-line inspection tool.

About 4:04 a.m., operator B1 started Line 6B from the Griffith PS to the Mendon PS, and
by 4:12 a.m., the first 5-minute MBS alarm appeared on his SCADA display. Operator B1 called
MBS analyst B about the alarm. MBS analyst B told operator B1 that the alarm was due to
column separation. After talking with operator B1l, the MBS analyst realized that the
MBS software had not been set up correctly?® because the Niles PS valves were closed.
According to MBS analyst B, the valve closure at the Niles PS might have resulted in additional
column separation indications that morning.*

By 4:24 a.m., operator B1 had received a 20-minute MBS alarm and another 5-minute
MBS alarm. He notified shift lead B2 that Line 6B had been operating for 10 minutes but
pressure remained less than 1 psig downstream of the Marshall PS. Enbridge’s control center
procedures required operators to shut down the pipeline when column separation could not be
restored within 10 minutes.?® Shift lead B2 and MBS analyst B told operator B1 to continue
pumping oil to restore the column. Operator Bl started a larger pump upstream of the
Marshall PS to increase the pipeline pressure.

During this time, operator B2%" referred shift lead B1 to a draft column separation
procedure that she had used earlier in the year. According to the draft procedure, when known
column separation existed, an operator would calculate the time needed to fill the pipeline before
starting the line. Once started, if column separation were present 10 minutes beyond the
calculated time, the pipeline would be shut down. In effect, the draft procedure allowed the
pipeline to operate in excess of the 10-minute limit under certain conditions. As operator B1
continued to pump additional oil into the pipeline, shift lead B1 attempted to estimate the time
needed to restore the pressure downstream of the Marshall PS.?® To do this, shift lead B1 tried to
determine (1) the volume of oil that had settled throughout Line 6B during the shutdown and
(2) the volume of oil that had drained into the Marysville Terminal during startup. Shift lead B1
estimated it would take about 20 minutes to bring the column back together.

%3 These were settings that protected the pipeline from overpressure in the event that the valve that had lost
communication was closed.

24 When the station valves at the Niles PS were closed to accommodate an in-line inspection tool, following the
shutdown, the SCADA pressure transmitters used by the MBS were no longer using the real-time pipeline pressures,
which resulted in errors in the MBS. To correct the MBS software, the MBS analyst had to override the pressures on
both sides of the Niles PS. The MBS analyst stated that the lack of live pressures at the Niles PS may have affected
the MBS alarms that morning.

2 According to Enbridge, the software showed more instances of column separation before the software was
adjusted.

%6 This duration was commonly referred to as the “10-minute rule” by the control center staff and represented
the amount of time a pipeline was allowed to operate in instances of column separation or abnormal operations
before being shut down.

%" This was the shift mate of operator B1, who was operating Lines 4 and 14. Operator B2 had just over 2 years
of experience as a pipeline operator. See table 3 for further information about control center staff experience.

28 By dividing the amount of oil drained out into delivery locations during shutdown by gallons per hour, the
shift lead can estimate how long the system must be run to restore pressure.

12
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Operator B1 continued to start pumps on Line 6B and received multiple MBS alarms
from 4:24 a.m. until 4:57 a.m. During this time, the Marshall PS discharge pressure never
exceeded 3 psig. During this time when the Sarnia Terminal operator called operator B1 and
remarked on the slow startup, operator B1 stated that “I’m just wondering either they really
drained [Line 6B] out, which I think they did, because | don’t have any pressure farther down the
line...Or else I’m—or else I’m leaking. One of the two.” Operator B1 called shift lead B1 about
5:00 a.m. to report that he had exceeded the estimated time to resolve the column separation
issue. Operator B1 stated that the flow into the pipeline, upstream of the Marshall PS, was about
396,000 gallons per hour. After confirming with the Sarnia Terminal operator that only
71,062 gallons had been received since the startup, shift lead B1 instructed operator B1 to shut
down Line 6B. About 5:03 a.m., Line 6B was shut down.

1.2.4 Second Line 6B Startup—Shift B

At 6:35 a.m., shift lead B2 called the on-call control center supervisor, and he then asked
MBS analyst B to participate in the call. Shift lead B2 explained that they had been unable to
resolve the column separation at the Marshall PS and that they had exceeded the estimated time
needed to fill the pipeline. Shift lead B2 and the control center supervisor questioned MBS
analyst B about the difference in pumped versus received volume. MBS analyst B explained that
because of what he believed to be the severe column separation, the oil was filling the line rather
than flowing through it to the delivery location.

The control center on-call supervisor stated that there were two choices: identify the
alarms as a leak or identify the alarms as column separation and try to restart the pipeline again.
Shift lead B2 asked MBS analyst B whether the MBS alarm was valid or invalid. MBS analyst B
told shift lead B2 that the alarm was “false” because the MBS software was unreliable when
column separation was present. The control center supervisor told shift lead B2, “To me it
sounds like you need to try again and monitor it. Like [MBS analyst B] said, do it over again.”

About 7:09 a.m., operator B1 notified the Sarnia Terminal®® operator that they were
going to start Line 6B for a second time. The Sarnia Terminal operator expressed disbelief at the
idea of a second startup. He told investigators that he had voiced his concerns about a Line 6B
leak to shift leads B1 and B2 and MBS analyst B that morning. He stated that MBS analyst B
had dismissed his concerns and, because he was dealing with other issues that morning, he had
not pursued the matter.

Line 6B was started a second time about 7:20 a.m. By 7:36 a.m., as the Marshall PS
discharge pressure started to increase, the first 5-minute MBS alarm appeared, followed by a
20-minute MBS alarm. Many additional 5-minute and 20-minute MBS alarms subsequently
appeared through 7:42 a.m. During this time, operator B1 unsuccessfully attempted to start
additional Line 6B pumps at the La Porte PS; the Marshall PS downstream pressure never
increased above 4 psig. After shutting down Line 6B at 7:52 a.m., just before ending his shift,
operator B1 made the following comment to the Sarnia Terminal operator.

29 Because Line 6B was delivering oil into the Sarnia Terminal, the Sarnia Terminal operator was involved in
the startup, opening valves and moving oil into the terminal tanks. The Sarnia Terminal operator stated that he was
able to watch the Line 6B operation on his SCADA display.

13
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I’ve never seen this...and to me like it looks like a leak...like I’ve never ever
heard of that where you can’t get enough—I can pump as hard as | want and I—I’d
never over pressure the line. I don’t know. Something about this feels wrong.

1.2.5 Discovery—Shift C

The shift C rotation occurred between 8:00 a.m. and 8:30 a.m. on Monday morning,
July 26. The shift staff included the control center supervisor, who had been contacted during
shift B while on call, and MBS analyst A, who had been on duty when the rupture occurred.
During the shift exchange, shift leads C1 and C2 were informed about the presumed Line 6B
column separation. Shift leads C1 and C2 called the control center supervisor to discuss the
column separation issue.

Operator C1 told investigators that he had questioned the volume loss information during
the shift exchange. By 8:46 a.m., operator C1 explained to shift leads C1 and C2 that in the past
he had started Line 6B using every other PS and without operating the Niles PS. Operator C1
told investigators that he had reviewed SCADA data from the previous shifts that morning, saw
the large pressure drop at the Marshall PS during the shift A shutdown, and immediately notified
shift lead C1.

At 10:16 a.m., acting on the findings from operator C1 and discussions with shift lead
C1, shift lead C2 called and asked the Chicago regional manager whether to send someone to
walk along the pipeline, upstream and downstream of the Marshall PS. The Chicago regional
manager replied, “I wouldn’t think so. If it’s right at Marshall—you know, it seems like there’s
something else going wrong either with the computer or with the instrumentation. ...you lost
column and things go haywire, right?” He went on to say, “...1’m not convinced. We haven’t had
any phone calls. | mean it’s perfect weather out here—if it’s a rupture someone’s going to notice
that, you know and smell it.” The Chicago regional manager told shift lead C1 that he was okay
with the control center starting Line 6B again.

At 11:17 a.m., the control center was notified about the rupture via its emergency line.
The caller said, “I work for Consumers Energy™®® and I’m in Marshall. There’s oil getting into
the creek and | believe it’s from your pipeline. I mean there’s a lot. We’re getting like 20 gas
leak calls and everything.” Remote valves were closed at 11:18 a.m., sealing off the rupture site
within a 2.95-mile section. By 11:20 a.m., the shift lead had called the Chicago regional manager
to tell him about the notification. By 11:37 a.m., another Consumers Energy employee notified
911 about the crude oil leak in a creek near Division Drive. The Fredonia Township Fire
Department was dispatched by the 911 center shortly after the call. At 11:41 a.m., the Edmonton
control center received confirmation from an Enbridge crossing coordinator located at the
Marshall pipeline maintenance (PLM) shop confirming the oil on the ground.

%0 Consumers Energy is an electric and gas utility provider with services in Calhoun County and Marshall,
Michigan.

14
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1.2.6 Enbridge Initial Response

At 11:45 a.m. on July 26, the initial Enbridge personnel at the accident location included
the Marshall PLM shop crossing coordinator, an electrician, and two senior pipeline employees.
After confirming the presence of oil near the ruptured pipeline, the crossing coordinator followed
Talmadge Creek downstream to determine the extent of the oil discharge. He found that the oil
had not migrated past A Drive North, about 1.5 miles downstream of the rupture, but he
observed a large amount of oil at a creek crossing on 15 1/2 Mile Road, about 1 mile
downstream of the rupture.

The four-person crew returned to the Marshall PLM shop and retrieved a vacuum truck, a
work truck, a semi-truck, and an oil boom trailer. About 12:10 p.m., they returned to A Drive
North and installed a double 20-foot length of sorbent boom across Talmadge Creek, where they
observed only a little oil flowing. They also installed 20-foot lengths of sorbent boom across
Talmadge Creek upstream of A Drive North and at a culvert on the south side of A Drive North.
The Enbridge crossing coordinator told NTSB investigators that the Marshall PLM crew was not
aware of the severity of the oil spill when it used these initial oil containment measures. The
Enbridge first responders did not have an estimate of released volumes when they began their
efforts to contain the oil. (See figure 9 for a map of the area around the rupture site where
response efforts began.)
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Figure 9. Area between rupture site and the Kalamazoo River where first responders
concentrated efforts to contain the released oil.

About 12:30 p.m., the Marshall PLM crew moved upstream to the 15 1/2-Mile Road
crossing of Talmadge Creek. The crew installed a 40-foot containment boom and sections of
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sorbent boom on the upstream side of the culvert and spent the remainder of the day, until
11:00 p.m., using the Marshall PLM vacuum truck and skimmer to recover oil.

The Enbridge Bay City PLM supervisor (the interim incident commander until the
Chicago regional manager arrived on site) told NTSB investigators that upon his arrival about
12:46 p.m., he observed an oily mixture discharging at a high rate through a 48-inch-diameter
steel culvert pipe under Division Drive and continuing downstream in Talmadge Creek. He said
the bulk of the released oil was contained upstream (south) of Division Drive. The supervisor
stated that he considered having the culvert pipe plugged with earth; however, the water flow
was too strong to enable him to do that.

About 1:30 p.m., the Marshall PLM supervisor arrived on scene and conferred with the
Bay City PLM supervisor. They decided that the Marshall PLM supervisor would focus on
stopping the leak source while the Bay City PLM supervisor would focus on installing oil boom
at downstream locations ahead of the advancing oil. The National Response Center (NRC) was
notified of the release about this same time on July 26. The NRC notified 16 Federal and state
agencies about the spill.

About 2:45 p.m., the Bay City PLM supervisor worked with the Battle Creek Fire
Department hazardous materials chief to locate an area for deploying boom for recovering the
oil. About 15 minutes later, an Enbridge vacuum truck from the Bay City PLM shop began
skimming oil from the water surface near Division Drive.

Between 4:30 and 6:30 p.m., four oil storage tanks were delivered to the Marshall PLM
shop to temporarily store the oil that was being collected by the vacuum trucks. The Bay City
PLM supervisor estimated that a total of 14 Enbridge personnel and between 6 and 10 personnel
from Terra Contracting and Baker Corporation (contractors contacted by the incident
commander for oil recovery and storage equipment) were working on scene to contain the oil
during this time. The first U.S. Environmental Protection Agency (EPA) on-scene coordinator
arrived in Marshall to assess the extent of the spill into Talmadge Creek about 4:32 p.m. The
Marshall PLM shop was used as the incident command center.

Working with a six-person crew, the Marshall PLM supervisor constructed an earthen
underflow dam, which consists of a mound of soil holding back oil-contaminated water with
pipes submerged on the dam side and rising toward the discharge end. The angle of the pipe
allows the deeper water in the dam to flow downstream, preventing the contaminated surface
waters from flowing into Talmadge Creek. (See figure 10.)
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Figure 10. Underflow dam on Talmadge Creek on July 30, 2010.

However, the crew found the width of the marsh too great and the ground too soft to
construct an earthen dam near the source; instead the crew constructed a gravel-and-earth
underflow dam at the confluence of the contaminated marsh and Talmadge Creek, which was
accessible by heavy equipment. Enbridge crews used sections of 12-inch-diameter surplus
polyvinyl chloride pipe they had found at the Marshall PLM shop to construct the underflow
dam. Enbridge crews had learned of this oil containment strategy from participating in drills and
exercises; this dam was the first they created during an actual emergency response. The
heavy-equipment operators encountered significant difficulty because of the muddy conditions
and the high-water flows. The construction of the first underflow dam began early in the
afternoon on July 26, but it was not functional until 9:00 p.m. that evening. Crews had to tow the
vacuum trucks through the mud to the underflow dam site and to the oily marsh locations until
the first gravel roadway was constructed. The Marshall PLM supervisor told NTSB investigators
that a considerable volume of oil was present in Talmadge Creek between the first underflow
dam that Enbridge constructed and Division Drive. On July 26, Enbridge also deployed at
least 12 vacuum trucks to begin recovering oil from the source area underflow dam, the
Talmadge Creek stream crossings on Division Drive and 15 1/2 Mile Road, and from the
Kalamazoo River at Calhoun County Historic Bridge Park (referred to as Heritage Park).*

31 The two initial EPA on-scene coordinators noted that only five vacuum trucks were operating on July 26,
while seven additional vacuum trucks that were ordered did not arrive on site until July 27.
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Additional contractors would not arrive until the following day to continue a larger scale oil
response effort.

1.3 Injuries and Evacuations

1.3.1 Injuries

No immediate injury reports were made as a result of the Marshall release. The Michigan
Department of Community Health conducted a followup study and issued its results in a
November 2010 report titled Acute Effects of the Enbridge Oil Spill. The study was based on
four community surveys along the affected waterways, 147 health care provider reports on
145 patients, and 41 calls placed to the poison center. The study identified 320 people and an
additional 11 worksite employees who reported experiencing adverse health effects. Headache,
nausea, and respiratory effects were the most common symptoms reported by exposed
individuals. The report concluded that these symptoms were consistent with the published
literature regarding potential health effects associated with crude oil exposure, which include
irritation to the eyes, nose, and throat, as well as dizziness and drowsiness. Contact with the skin
and eyes may also cause irritation or burns.

1.3.2 Evacuations

On July 26, the residents of six houses self-evacuated because of odors associated with
the oil spill. On July 29, an EPA contractor produced a map outlining the recommended
evacuation area, which extended from the spill area north and northwest to the Kalamazoo River,
beyond the 15 Mile Road bridge crossing, and included 61 houses.3? The Calhoun County Public
Health Department issued a voluntary evacuation notice to about 50 houses. The health
department developed residential evacuation recommendations based on the concentration of
benzene in the air. Benzene is a toxic constituent of crude oil that can cause drowsiness,
dizziness, and unconsciousness. Long-term exposure to benzene causes effects on bone marrow
and can cause anemia and leukemia. On August 12, the recommended evacuation of houses near
the oil spill site was lifted after the benzene concentrations in the air were below the levels
requiring evacuation.

1.4 Damages

1.4.1 Pipeline

The Enbridge Inc. 2010 Annual Report listed revenue losses for the Line 6B accident at
$13.2 million. Enbridge has stated that the cost to replace the 50-foot section of Line 6B was
$2.7 million.

32 gee “Emergency and Environmental Response Attachment 39—Recommended Evacuation Zone Map,” in
the NTSB public docket for this accident.
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1.4.2 Environment

Enbridge’s estimated costs for emergency response equipment, resources, personnel, and
professional and regulatory support in connection with the cleanup of oil discharged from
Line 6B were about $767 million as of October 31, 2011.% This figure also encompasses the
estimated cost of the Federal government’s role in the cleanup, including employing contractors,
which was an estimated $42 million.

1.5 Environmental Conditions

1.5.1 Meteorological

The National Weather Service data recorded from Brooks Field Airport, Marshall,
Michigan, at 5:55 p.m. near the time of the rupture showed the wind was from 10° at 4 knots,
with good visibility and clear skies, the temperature was 79° F, and the dew point was 59° F.
A light to moderate rain had occurred on the morning of July 24. On July 25, skies were clearing
during the afternoon and evening hours, the high temperature was 79° F, and the low temperature
was 69° F.

Weather reports from the W.K. Kellogg Airport, Battle Creek, Michigan, about 13 miles
west of Marshall, reported rainfall amounts of about 2.4 inches on July 22 and July 23, 0.6 inch
on July 24, and 1.37 inches on July 25.

1.5.2 Kalamazoo River Conditions

On July 26 at 12:45 p.m., the U.S. Geological Survey (USGS) reported the
Kalamazoo River level in Marshall, Michigan, was 7.19 feet. Within 24 hours, the river level fell
below 6 feet. The established flood state for this location is 8 feet. The USGS gauging station on
the Kalamazoo River in Marshall, Michigan, reported the average current velocity at 1.44 mph.

1.6 Pipeline Information

1.6.1 Pipeline History

Enbridge documentation showed that the ruptured pipe segment was part of a purchase of
30-inch pipe from Siderius Inc. of New York on November 14, 1968, which was manufactured
by Italsider s.p.a.®* An inspection report dated March 18, 1969, noted that the chemical
analysis and mechanical tests met the requirements of APl and Enbridge specifications. Upon
fabrication, the pipe was shipped bare from the Italsider s.p.a. facility located in Taranto, Italy, to
the Port of Windsor, Ontario, and was delivered by truck to staging sites within Michigan.
According to Enbridge, a field-applied spiral wrap of polyethylene tape coating was put on the
pipe by machine at the time of Line 6B’s construction.

%3 This was the most recent figure available at the time of this report.
34 S.p.a. refers to Societa Per Azioni, a joint stock company with shareholders.
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The ruptured segment was tested hydrostatically on November 21, 1969. No leaks or
ruptures were documented. The certification letter, from the hydrostatic testing contractor, dated
February 3, 1970, indicated that the ruptured segment had been tested to a minimum pressure of
783 psig and a maximum pressure of 820 psig for a 24-hour period. Enbridge used 796 psig as
the hydrostatic test pressure of the ruptured segment in the integrity management assessments.
The SMYS® of the ruptured segment was about 867 psig.

1.6.2 Pipeline Operating Pressure

The pipeline segment that ruptured had a maximum operating pressure (MOP) of
624 psig. However, the Marshall PS downstream pressure was limited to 523 psig at the time of
the accident based on defects identified during a 2007 in-line inspection for corrosion (these
features did not contribute to the rupture) of Line 6B. Historical pressure trends show that the
Marshall PS was operating at 624 psig until 2004 when Enbridge imposed a 525 psig pressure
restriction. No pressures in excess of 532 psig were noted from 2005 up until the time of rupture.
Based on the SCADA pressures readings at the time of the rupture, the highest recorded
discharge pressure at the Marshall PS, immediately preceding the rupture, was 486 psig. (See
appendix C).

1.6.3 Site Description

The ruptured segment was buried about 5 feet below the ground surface and located
0.60 mile downstream from the Marshall PS. The rupture and release occurred in a wetland area
near mile point (MP) 608.22 in Marshall, Michigan. The wetlands were located in an
undeveloped, mostly rural area about 0.4 mile west of 17 Mile Road and about 0.2 mile south of
Division Drive. Industrial complexes were located north and west along 17 Mile Road, less than
1 mile from the rupture site. The ruptured segment of Line 6B was operating in a high
consequence area (HCA) identified as an *“other populated area,” which is defined at
Title 49 Code of Federal Regulations (CFR) 195.450(3) as a place “that contains a concentrated
population, such as an incorporated or unincorporated city, town, village, or other designated
residential or commercial area.”

1.6.4 Other Enbridge Pipeline Incidents

In 49 CFR 195.50, the Pipeline and Hazardous Materials Safety Administration
(PHMSA) requires that pipeline operators submit an accident report for hazardous liquid
releases, not related to a maintenance activity, that are 5 gallons or more and resulting in
$50,000 property damage, explosion, or fire. PHMSA publishes the summaries from these
reports on its website.*® The PHMSA incident and accident statistics for liquid transmission
onshore crude oil releases sorted by volume from 1986 through 2011 show that Enbridge
releases represent the second and fifth largest crude oil spills and that the company is included in

% The SMYS is the internal pressure that produces a calculated hoop stress equivalent to the minimum yield
strength of the material assuming a nominal wall thickness and outside diameter.

% |nformation obtained from PHMSA’s website <http://phmsa.dot.gov/pipeline/library/data-stats> (accessed
June 5, 2012).
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3% of the top 15 releases. The NTSB*® and the Transportation Safety Board of Canada (TSB)
have investigated previous Enbridge leaks and ruptures that resulted from defects not remediated
through the Enbridge integrity management program.

1.6.4.1 Cohasset, Minnesota

In 2004, the NTSB issued a report on an Enbridge failure that occurred on July 4, 2002,
when Enbridge experienced a rupture and 252,000-gallon oil release on its Line 4, near Cohasset,
Minnesota.*® The fractured segment was a United States Steel tape-coated 34-inch-diameter API
Standard 5LX grade X52 DSAW pipe with 0.312-inch wall thickness, installed in 1967.
Examination of the failed pipe revealed a 13-inch-long transportation-induced metal fatigue®
crack that had initiated from the internal surface of the pipe at multiple regions where the
longitudinal seam weld intersected with the body of the pipe. The ruptured segment had been
hydrostatically pressure tested in 1991 to 1,002 psig, and in-line inspections had been conducted
twice in 1995 and once in 1996. Neither in-line inspection identified the fatigue crack that
eventually grew to failure under repeated pressure cycling. Following the Cohasset accident, a
PII (P11 Pipeline Solutions) review of the data found that the 1996 inspection data did not meet
the reporting criteria used by the PII analysts at the time and there had been problems with the
in-line inspection tool. Examination of the 1995 tool runs revealed that the data quality issues
prevented any detection of the crack that led to the eventual failure of the pipeline.

At the time of the NTSB investigation into the Cohasset accident, Enbridge stated that it
had just introduced the more sophisticated UltraScan Crack Detection (USCD) inspection tool in
the United States in 2001. In addition, Enbridge prepared a pipeline inspection procedure that
called for “the excavation of all crack-like indications unless an engineering assessment
determines that either the indication is acceptable based on a fitness-for-purpose calculation....”
Enbridge analyzed crack growth rates using information from the 2002 failure in Cohasset to
develop the worst-case scenario crack and its predicted time to failure. Based on these findings,
Enbridge proposed to the Research and Special Programs Administration, the predecessor of
PHMSA, that a portion of Line 4 be reinspected using the new in-line inspection technology at
intervals of 3 years.

3 Onshore, crude oil releases attributed to Enbridge are Grand Rapids, Minnesota, 1.7 million gallons;
Pembina, North Dakota, 1.3 million gallons; Marshall, Michigan, 0.8 million gallons.

38 At the time of this report, the NTSB is also investigating a release from Enbridge’s Line 6A that occurred on
September 9, 2010, in Romeoville, Illinois. The release is estimated at 316,596 gallons of crude oil. Line 6A is a
34-inch-diameter pipeline with 0.281-inch wall thickness. It was constructed in 1968 and protected with a
polyethylene tape coating. The pipe was manufactured by A.O. Smith Corp. with a flash welded longitudinal seam,
manufactured to API Standard 5LX grade X52.

%9 Rupture of Enbridge Pipeline and Release of Crude Oil near Cohasset, Minnesota, July 4, 2002, Pipeline
Accident Report NTSB/PAR-04/01 (Washington, D.C.: National Transportation Safety Board, 2004).

40 Transportation-induced metal fatigue is a failure mechanism for pipe transported primarily by railroad and
has also been associated with marine transportation. This type of fatigue is found along the longitudinal seam weld
of the pipe and is caused by the cyclic stresses imposed during transportation as the pipe is subjected to frequent
motion.
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1.6.4.2 Glenavon, Saskatchewan

The TSB investigated a rupture involving Enbridge’s Line 3 near Glenavon,
Saskatchewan,*! that resulted in a release of nearly 200,000 gallons of crude oil on
April 15, 2007. The pipeline was installed in 1968. It was manufactured to the 1967 API
5LX grade X52 specification with 0.28-inch wall thickness and a DSAW longitudinal seam. The
pipe was originally protected with a polyethylene tape wrap coating and had an MOP of 652 psi.
The TSB noted in its findings that the coating had tented*® over the longitudinal seam weld,
exposing it to a corrosive environment. The rupture was caused by cracking that had initiated at a
shallow area of corrosion (a corrosion groove) on the external surface of the pipe with a depth of
less than 0.016 inch (5 percent of the wall thickness) where the external longitudinal seam weld
intersected with the body of the pipe and had propagated by fatigue up to a depth of 0.112 inch
(40 percent of the wall thickness) through the pipe wall. The Enbridge integrity management
program did not identify this defect for excavation following an engineering assessment of the
defect after the last in-line inspection was conducted in 2006, 1 year before the rupture.

According to the TSB’s report findings:

The verification procedure used by Enbridge was to compare [in-line inspection]
estimated crack sizes, and associated calculated failure pressures, with results
obtained in the field by non-destructive ultrasonic inspection or crack grinding, or
a combination of the two. Enbridge considers field and [in-line inspection] data to
be sufficiently accurate if the data falls within an error band of plus or minus
10 percent.

The TSB’s report also raised several issues regarding the quality of the inspection results
and the analysis:

e In 2005, although Enbridge recalculated the crack growth rate to reflect the more
aggressive pressure cycles, the parameters Enbridge used during that analysis did not
accurately reflect the actual crack growth rate.

e The analysis of the 2006 in-line inspection data underestimated the depth of the
deepest section of the fatigue crack.

The TSB determined that “The accuracy of the predictions of the crack growth model
depends on the accuracy of the input parameters, including initial crack size. If any of these
parameters have been underestimated, actual crack growth rates will exceed predicted values.”
The TSB stated the following:

When input parameters for the modeling of crack growth rates do not reflect
probabilities and tolerances associated with the detection and sizing capabilities of
[in-line inspection] ultrasonic crack detection tools as well as actual pipe
conditions, actual crack growth rates may exceed estimated values.

# Transportation Safety Board of Canada, Crude Oil Pipeline Rupture, Enbridge Pipelines Inc. Line 3,
Mile Post 506.2217, Near Glenavon, Saskatchewan, 15 April 2007, Pipeline Investigative Report PO7H0014.

%2 See section 1.7.1, “Coating,” of this report for further information about tenting.
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1.7 Examination of the Accident Pipe

The ruptured pipe segment was 39 feet 10.75 inches long. The longitudinal seam was
oriented at 99.5° clockwise.*® A 50-foot length of pipe that included the rupture was removed
and cut into two sections for shipping to the NTSB’s Materials Laboratory for examination. The
upstream section measured 23 feet 4 inches. The downstream section measured 26 feet
10.25 inches. (See figure 11.)

50 ft 2.25 in Removed from trench and cut into two sections

~———23 ft 4 in Upstream section 26 ft 10.25 in Downstream section ——————=

Upstream girth weld - A Downstream girth weld~\

Flow}> LaA DSAW
longitudinal
Spiral wrapped polyethelene f;‘é’,iquw;r}g

tape (along entire pipe)

~=——-24 £ 5.75 in Distance to fracture from girth weld —=—

= 39 1t 10.75 in Ruptured segment length ———————————————+

1.38 in Below

the longitudinal weld 12:00 o'clock

5.32in 99.5 degrees
Widest opening

|

4 ft 2.25 in Distance Gap
to area of deepest
crack penetration Longitudinal
seam weld

Section A-A: Longitudinal seam weld

BRGs5e i techelongly orientation (looking in direction of flow)

Fracture detail X,

Detail B: Tenting over the longitudinal
seam weld (gaps on either side)
not to scale

Polyethelene tape wrap

Figure 11. Line 6B ruptured segment showing upstream and downstream sections used for
Materials Laboratory examination. Detail B shows tented coating over the longitudinal seam
weld.

#3 Clockwise means as viewed facing the direction of flow. The top of the pipe is 0°, or the 12 o’clock position.

28



NTSB Pipeline Accident Report

1.7.1 Coating

The ruptured segment was coated with a single wrap of Polyken 960-13 polyethylene
tape with an adhesive backing. Enbridge reported that the tape coating had been applied in the
field by a machine using Polyken 919 primer on the pipe. Examination revealed longitudinally
oriented wrinkles in the coating, mostly near the 3 and 9 o’clock positions (viewed in the
direction of flow). Wrinkling and tenting were observed along most of the ruptured segment,
most pronounced at the 3 o’clock position over the longitudinal seam. Wrinkling and tenting are
forms of disbondment of the coating. (The loss of the bond [the adhesion] between a pipeline and
its protective coating commonly is called disbondment, which has been known to allow moisture
to become trapped between the surface of the pipe and the tape, creating an environment that
may be corrosive.) The pattern and location of the wrinkles in the tape coating were consistent
with soil loads acting on the pipe.** Corrosion was observed beneath the areas where the
adhesive bond between the pipe and its protective tape coating had deteriorated. In the areas of
disbondment, metal loss was found around and below the longitudinal seam in the upstream and
downstream sections of pipe. Because the tape had become disbonded, the pipeline’s cathodic
protection* was prevented from reaching the pipe; it no longer prevented corrosion from
occurring.

1.7.2 Corrosion

External corrosion was observed along the length of the pipe in areas where the coating
had disbonded. The corrosion was generally shallow with interspersed deeper pits and did not
show a morphology typically associated with microbial-induced corrosion. The deepest
corrosion pit measured in the vicinity of the rupture, near the deepest crack penetration, was
0.078 inch. The internal surface of the pipe was free from any apparent corrosion or other visible
surface anomalies.

1.7.3 Microbial Corrosion

The EPA and the NTSB conducted testing for activity of microorganisms typically found
to cause corrosion in pipes. Microbial test results depend upon many factors, such as, when and
where the samples were taken. During its testing, the EPA used liquid samples that were
collected from the space between the pipe surface and the coating; whereas, the NTSB used
samples that were collected several weeks after the accident from the pipe surface immediately
after the coating was removed.

* Soil loads can act to either open or close tenting gaps, and soil loads can cause wrinkles to form after a pipe’s
installation. Soil loads on top of a pipe tend to close tenting gaps, whereas soil loads on a side of the pipe tend to
open tenting gaps and wrinkles. Tenting gaps and wrinkles are most prevalent near the 3 o’clock and 9 o’clock
positions of a pipe.

* Cathodic protection is a corrosion mitigation method used by the pipeline industry to protect underground
steel structures. The system uses direct current power supplies at selected locations along the pipeline to supply
protective electrical current. Cathodic protection current is forced to flow in the opposite direction of currents
produced by corrosion cells. The protective current is supplied to the pipeline through a ground bed that typically
contains a string of suitable anodes, with soil as an electrolyte. A wire connected to the pipeline provides the return
path for the current to complete the circuit.

24



NTSB Pipeline Accident Report

On August 6, 2010, after the ruptured pipe was exposed in the trench, the EPA conducted
three microbial tests of the liquid samples extracted from the space between the longitudinal
seam and the tape coating. A high concentration (that is, at least 100,000 cells/milliliter) of
various microorganisms—including sulfate-reducing bacteria, acid-producing bacteria, and
anaerobic bacteria—were found in two of the three samples.

On August 27, 2010, the NTSB conducted additional microbial tests at its materials
laboratory. Corrosion products and deposit samples were taken from the external surface at the
longitudinal seam and from another area away from the longitudinal seam. Low concentrations
(that is, 1 to 10 cells/milliliter) of anaerobic and acid-producing bacteria were detected in the
longitudinal seam sample, and a low concentration of anaerobic bacteria was found in a base
metal sample. No sulfate-reducing bacteria were detected. In addition, features typically
associated with microbial corrosion were not observed on the corroded areas of the pipe.

1.7.4 The Fracture

The fracture measured 6 feet 8.25 inches in length with the upstream end of the fracture
located 24 feet 5.75 inches away from the upstream girth weld. The widest point along the
fracture measured 5.32 inches and was about 4 feet from the upstream end of the rupture. The
upper fracture face at the widest opening was measured at 1.38 inches below the longitudinal
seam weld away from the heat-affected zone, with this offset ranging from 0.5 to 1.5 inches
below the longitudinal weld seam for the length of the fracture face. (See figure 12.)

€— 4t

Longitudinal
weld seam

\ |

6 ft 8.25in
Outer Wall

Figure 12. The outside surface of the pipe looking at the fracture area cut for lab examination.

Examination of the fracture face revealed features on slightly offset planes consistent
with preexisting cracks initiating from multiple origins in corroded areas on the exterior surface.
Evidence of preexisting cracks at various penetration depths was observed across nearly the
entire length of the fracture surface. The area of deepest preexisting crack penetration, relative to
the original local wall thickness, was located 50.25 inches from the upstream end of the rupture.

A continuous series of preexisting cracks was found extending from the outer edge of the
fracture surface, linked together on the fracture surface, up to 10.8 inches upstream and
7.9 inches downstream from the area of deepest penetration. (See figure 13.) Black oxide was
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observed on the preexisting crack portion of the fracture consistent with oxidation in an
0Xygen-poor environment.

Outer wall

SRS A5

Inner wall 0.25 in —

Figure 13. Curving arrest lines of preexisting cracks along the upper fracture face shown after
cleaning to remove oxides. White arrows indicate multiple origin areas of preexisting cracks.

At the deepest crack penetration (see figure 14), the preexisting cracks extended
0.213 inch deep into the wall of the pipe relative to the original exterior surface, or 83.9 percent
of the original wall thickness of 0.254 inch. The curving line in figure 14 indicates the extent of
preexisting crack growth near the deepest penetration. The remainder of the fracture face had
rough, matte gray features consistent with an overstress fracture. The preexisting cracks had
fracture features perpendicular to the outside surface, consistent with corrosion fatigue*®*’ or
near-neutral pH stress corrosion cracking (SCC).*® Fine crack arrest features were present within
about 0.015 inch of the crack origins with broader crack arrest features appearing farther away
from the origins. These crack arrest features were indications of progressive crack growth and
can be associated with corrosion fatigue or near-neutral pH SCC.

46 . . . S . . . . .
Corrosion fatigue is a mode of cracking in materials under the combined actions of cyclic loading and a
corrosive environment. Corrosion fatigue crack growth rates can be substantially higher in the corrosive
environment than fatigue crack growth under cyclic loading in a benign environment.

o (a) National Energy Board Report of the Inquiry MH-2-95, Public Inquiry Concerning Stress Corrosion
Cracking on Canadian Oil and Gas Pipelines, National Energy Board Canada (1996). (b) Fractography, Metals
Handbook, Ninth Edition, VVol. 12, ASM International, 1987. (c) J.1. Dickson and J.P. Bailon, “The Fractography of
Environmentally Assisted Cracking,” in A.S. Krausz, ed., Time Dependent Fracture: Proceedings of the Eleventh
Canadian Fracture Conference, June 1984, Ottawa, Canada (Dordrecht: M. Nijhoff Publishers, 1985).

8 Near-neutral pH SCC is a form of cracking produced under the combined action of corrosion and tensile
stress typically manifesting as clusters of small cracks in the external body of the pipe that can form long shallow
flaws. Near-neutral pH SCC cracks propagate through the metal grain boundaries and with little secondary
branching. It was first noted on a polyethylene-tape-coated pipeline in the TransCanada Pipelines system in the
1980s.
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Preexisting crack penetration
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Figure 14. Close view of fracture surface area in the area of deepest crack penetration. The
solid blue line indicates the extent of the preexisting crack penetration.

A cross-section through the fracture was prepared as shown in figure 15. The preexisting
crack portion of the fracture showed a transgranular® fracture path with limited crack branching,
consistent with near-neutral pH SCC or corrosion fatigue. Multiple closely spaced and parallel
secondary cracks (with transgranular propagation paths and limited crack branching) emanated
from corrosion pits on the outside wall near the fracture face, also consistent with corrosion
fatigue or near-neutral pH SCC. The deepest secondary crack extended through about 43 percent
of the wall thickness.

49 A fracture that propagates through the metal grains rather than following the grain boundaries.
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Figure 15. Transverse section through the top of the fracture showing multiple parallel cracks
emanating from corrosion pits on the outside surface.

1.7.5 Crack and Corrosion Depth Profile

The preexisting crack depth and corrosion depth along the length of the rupture was
measured relative to the original local wall thickness (as shown in figure 16).%° The corrosion
depths, which were measured on the fracture face under a microscope, did not necessarily reflect
the deepest corrosion within the field of view but reflected the corrosion depth at the location
where the crack depth was measured for each point. The corrosion depth at the location of
deepest penetration measured in the plane of fracture was about 0.030 inch relative to the
original wall thickness. The maximum depth of penetration of the preexisting cracks relative to
the approximate original exterior wall surface was 0.213 inch at a location corresponding to
approximately 28 feet 8 inches (344 inches) downstream of the upstream girth weld.

50 Original wall thickness was measured adjacent to the fracture in areas appearing free of corrosion. The
original outer wall location relative to the fracture was determined from the thickness measurement relative to the
inner edge of the fracture face.
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Outer wall - original wall thickness

Crack depths

Inner wall

Figure 16. Lab measurements of crack and corrosion depths along the fracture face measured
from images similar to figure 14 near area of deepest penetration (about 344 inches from
upstream girth weld).

1.7.6 Mechanical Testing and Chemical Analysis

Tensile properties of all test specimens conformed to the requirements for yield strength,
tensile strength, and elongation of grade X52 pipe as specified in the 1968 API Standard 5LX,
Specification for High-Test Line Pipe. The chemical analysis for each sample tested conformed
to the requirements for X52 pipe as specified in the 1968 API Standard 5LX, Specification for
High-Test Line Pipe.

1.8 PHMSA Integrity Management Regulation

1.8.1 Pipeline Integrity Management in High Consequence Areas

On December 1, 2000, PHMSA amended 49 CFR Part 195 to require pipeline operating
companies with 500 or more miles of hazardous liquid and carbon dioxide pipelines to conduct
integrity management in HCAs.>! On January 16, 2002, PHMSA extended this regulation to
include operators who owned or operated less than 500 miles of hazardous liquid and carbon
dioxide pipelines.>

*! Federal Register, vol. 65, no. 232 (December 1, 2000), p. 75378.
%2 Federal Register, vol. 67, no. 11 (January 16, 2002), p. 2135.
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Based on the comments PHMSA received in 2001, it amended the integrity management
regulation, including the repair and mitigation provisions on January 14, 2002,>® which became
effective on May 29, 2001, except for paragraph (h) of 49 CFR 195.452, which became effective
on February 13, 2002. According to PHMSA, the API had objected to the use of the word
“repair” to describe the action required to address anomalies that could reduce a pipeline’s
integrity. PHMSA agreed with the API that the word “repair” might be too narrow to cover the
range of actions an operator could take to address a safety issue. PHMSA replaced the word
“repair” with “remediate.” PHMSA also stated that although it firmly believes that repair is
necessary to address many anomalies, it may not be necessary in all cases.

1.8.2 Elements of Integrity Management and Integration of Threats

As published, 49 CFR 195.452(e) lists risk factors (that is, pipe size, material, leak
history, repair history, and coating type) that a pipeline operator must consider for establishing
both baseline and continued pipeline assessment schedules. The elements of an integrity
management program are listed in 49 CFR 195.452(f). Specifically, an operator must include,
“an analysis that integrates all available information about the integrity of the entire pipeline and
the consequences of a failure” in its written integrity management program.

The director of PHMSA'’s engineering and research division told investigators that
“integration of all information about the integrity of the pipeline” in 49 CFR 195.452(f)(3)
means that all threats are to be evaluated using an overlay or side-by-side analysis that would
include cathodic protection, coating surveys, in-line inspection tool findings (for example,
geometry, crack, and corrosion), and previous dig reports. He expected PHMSA inspectors to
look for issues during an inspection to ensure that operators are implementing this methodology.

1.8.3 Discovery of Condition

Title 49 CFR 195.452(h) explains the actions an operator must take to address integrity
issues for liquid pipelines in HCAs. Under the general requirements, “an operator must take
prompt action to address all anomalous conditions the operator discovers through the integrity
assessment or information analysis.” The regulation further states the following:

Discovery of a condition occurs when an operator has adequate information about
the condition to determine that the condition presents a potential threat to the
integrity of the pipeline. An operator must promptly, but no later than 180 days
after an integrity assessment, obtain sufficient information about a condition to
make that determination, unless the operator can demonstrate that the 180-day
period is impracticable.

%3 Federal Register, vol. 67, no. 9 (January 14, 2002), p. 1650.
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1.8.4 Immediate and 180-Day Conditions

Title 49 CFR 195.452(h)(4)(i) requires immediate repair for several conditions, including
those exhibiting “metal loss greater than 80 percent of [the] nominal wall regardless of
dimensions” and those for which “a calculation of remaining strength of the pipe shows a
predicted burst pressure less than the established maximum operating pressure at the location of
the anomaly.” The regulation identifies two acceptable methods of calculating the remaining
strength of corroded pipe. Title 49 CFR 195.452(h)(4)(iii) addresses nine conditions that require
remediation within 180 days. Four of these are listed below:

(D) a calculation of the remaining strength of the pipe that shows an operating
pressure that is less than the current established maximum operating pressure at
the location of the anomaly. Suitable remaining strength calculation methods
include, but are not limited to, [American Society of Mechanical Engineers
(ASME)]/[American National Standards Institute] B31G (“Manual for
Determining the Remaining Strength of Corroded Pipelines” (1991)) or AGA
Pipeline Research Committee Project PR-3-805 (“A Modified Criterion for
evaluating the Remaining Strength of Corroded Pipe” (December 1989)).

(G) A potential crack indication that when excavated is determined to be a crack.
(H) Corrosion of or along a longitudinal seam weld.
(1) A gouge or a groove greater than 12.5 percent of nominal wall.

On March 15, 2012, NTSB staff met with PHMSA representatives to discuss regulations
covering hazardous liquid pipelines. During the meeting, the director of PHMSA’s engineering
and research division stated that in accordance with 49 CFR 195.452 (h)(4)(iii)(G), PHMSA
expects that all cracks will be excavated.

1.9 Enbridge Integrity Management Program

The Enbridge pipeline integrity department has been responsible for monitoring and
implementing repair or remediation activities that are pertinent to mainline pipelines. The
department is divided into three groups responsible for evaluating the risks associated with
corrosion, cracks, and geometry-related issues. All of the groups rely on in-line inspection
technologies to assess the integrity of the pipeline and identify potential threats. The crack and
corrosion groups perform engineering assessments on the data received from the final in-line
inspection reports to prioritize and schedule pipeline excavations. Excavations are conducted to
evaluate the in-line inspection results, to remediate or repair defects, and to examine the
condition of the pipeline segment.
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1.9.1 Corrosion Management

Enbridge’s corrosion management group is responsible for both internal and external
pipeline corrosion. SCC is evaluated under the crack management program.

Enbridge evaluated pipeline internal corrosion susceptibility by integrating and
evaluating data on pipeline characteristics, in-line inspection data, operating conditions, pipeline
cleanliness, crude and sludge sampling, and historical leak data. In 1996, Enbridge began a
chemical inhibition program to prevent internal corrosion of Line 6B by using an inhibitor.

The corrosion management group monitors and inspects for external corrosion primarily
through in-line inspections. The integrity analysis engineer is responsible for developing a list of
features to be excavated (that is, the dig list) based on an analysis of the corrosion in-line
inspection data. The corrosion group relies on two different tool inspection technologies
(ultrasonic and magnetic flux leakage [MFL]) to locate and detect corrosion defects in the
pipeline. The dig list developed from the inspection final report will include all features that meet
the excavation criteria that have not been excavated, assessed, and repaired in the past.
Enbridge’s corrosion excavation criterion is to excavate any feature that either exceeds
50 percent wall thickness loss or has a predicted failure pressure of less than 1.39 times the
MOP. Enbridge had no clearly documented procedure that required the integrity analysis
engineer to share corrosion in-line inspection data and excavation data with the people
responsible to develop a dig list from crack or geometry tool in-line inspection data. According
to Enbridge procedures, Enbridge would impose a pressure restriction for any feature requiring
immediate repair. For a corrosion feature, the pressure restriction was based on
ASME-sponsored code B31G, 2009 edition, Manual for Determining the Remaining Strength
of Corroded Pipelines: Supplement to ASME B31 Code for Pressure Piping.>* This is an
approved method for calculating the remaining strength of the pipe for corrosion specified at
49 CFR 195.452.

1.9.2 Crack Management

To monitor its pipelines for cracks, Enbridge used in-line inspections, direct assessment
(excavation and examination), and fitness-for-service® engineering assessment techniques.>
Enbridge performed engineering assessments to manage crack defects identified through in-line
inspections of its pipelines. Enbridge relied on a single ultrasonic crack inspection technology
(the USCD tool) to perform crack inspections.

* The ASME-sponsored codes for pressure piping in this report are referred to as ASME codes, even though
several other organizations have also been associated with their development over time. The ASME code for
pressure piping was originally developed in cooperation with the American Engineering Standards committee,
which later changed its name to the American Standards Association, and then to the American National Standards
Institute, Inc.

% Fitness-for-purpose and fitness-for-service have been used interchangeably, representing engineering

assessments used to calculate the adequacy of a structure for continued service under current conditions.

% The fitness-for-service techniques were consistent with the British Standard 7910, “Guide to Methods
for Assessing the Acceptability of Flaws in Metallic Structures,” and APl 579-1/ASME FFS-1 2007,
Fitness-for-Service.

32



NTSB Pipeline Accident Report

Enbridge’s crack management group received a finalized in-line inspection report
characterizing defects, which included crack-like or crack-field features. Enbridge interpreted
crack-like as single linear cracks and crack-field indications as SCC colonies and applied
separate criteria for excavation to each characterization. For crack-like features, the report
included a maximum length and depth. For crack-field features, the report included the length of
the colony, the longest crack indication (individual crack) in the colony, and a maximum depth.
In 2005, Enbridge requested all crack depths be reported as a percentage of the tool-reported wall
thickness. The crack depths were reported in ranges of less than 12.5 percent, 12.5 to 25 percent,
25 percent to 40 percent, and greater than 40 percent of wall thickness.

Enbridge excavation criteria for crack-like features was a predicted failure pressure from
an engineering assessment less than the hydrostatic test pressure, which is defined as 1.25 times
the MOP under 49 CFR 195.304. For crack-field features, Enbridge selected features that had a
longest indication greater than 2.5 inches long or had a depth of 25 to 40 percent of the wall
thickness. For a crack feature, the pressure restrictions were imposed based on a remaining
strength calculation that showed a failure pressure less than the hydrostatic test pressure.®” (The
MOP was 624 psig for the ruptured segment.)

Enbridge provided the crack management excavation program summary worksheet from
its 2005 crack tool in-line inspection showing over 15,000 defects on Line 6B. The worksheet
listed 929 crack-like features identified by the in-line inspection tool; 29 of these features had a
calculated failure pressure that was less than the hydrostatic test pressure (Enbridge crack
excavation criteria). More than twice as many features (61 of the 929) had a calculated failure
pressure that was less than 1.39 times the MOP (Enbridge’s corrosion excavation criteria). All
crack-field features 2.5 inches long or greater had been excavated.

1.9.3 In-line Inspection Intervals

Fatigue crack growth analysis was conducted by Enbridge on crack-like, crack-field, and
notch-like features. Pressure cycle loading based on historical pressure data was used in the
crack growth model, and a resulting fatigue life was determined. The time for the next scheduled
in-line inspection for cracks was set to be no more than half the calculated fatigue life of any
feature remaining in the line. Title 49 CFR 195.452(j)(3) requires that operators set 5-year
intervals not to exceed 68 months for continually assessing the pipeline’s integrity. Enbridge
fatigue life calculations conducted using the 2005 in-line crack inspection data for Line 6B
resulted in an estimated reinspection interval greater than the 5-year interval mandated under the
regulation. Enbridge was performing the next in-line crack inspection of Line 6B in 2010 at the
time of the accident.

57 Under 49 CFR 195.304, this is stated as a minimum of 1.25 times the MOP.
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1.9.4 Stress Corrosion Cracking

Enbridge’s crack management plan focused on fatigue and SCC. The Enbridge SCC plan
is part of its overall crack management program. About 39 percent of the Enbridge pipeline
system is considered to have susceptibility to SCC based on the Canadian Energy Pipeline
Association (CEPA) 1997 standard on SCC. About 35 percent of the total pipeline system has
high susceptibility to SCC. The SCC management plan was developed about 1996 following the
National Energy Board (NEB) public hearings on SCC in pipelines.

As a policy, Enbridge examined all excavated pipeline segments for SCC.*® CEPA’s
recommended SCC mitigation approach included hydrostatic retesting, in-line inspection if
appropriate tools were available, extensive pipe replacement, and recoating. CEPA considered
hydrostatic retesting and in-line inspection to be temporary mitigation techniques. In contrast,
repairs such as recoating the pipe, installing sleeves, grinding away the defects, and replacing the
pipe were permanent mitigation techniques. According to CEPA, hydrostatic retesting has been
shown to be an effective means for identifying near-critical axial defects, such as SCC.

1.9.5 Coating and Cathodic Protection

Line 6B was coated with field-applied Polyken number 960 polyethylene tape coating.
Enbridge operates over 1,100 miles of polyethylene-tape-coated pipelines in the United States,
which represents about 25 percent of its U.S.-based transmission mileage. Tape-coated portions
of Line 6A (410 miles) and Line 6B (283 miles) represent the two longest pipelines making up
the 25 percent. Enbridge Lines 6A and 6B were both installed in the late 1960s. The coating on
Line 6B was composed of a 9-mil-thick® polyethylene backing and a 4-mil-thick synthetic
rubber (synthetic resin) adhesive. According to Enbridge, this type of external tape coating and
its typical degradation mode are key factors in determining the pipeline’s potential susceptibility
to SCC. This susceptibility to SCC was due to the higher tendency of this tape coating to lose
adhesion (disbondment), exposing the pipe to a potentially corrosive environment while
preventing cathodic protection from reaching the pipe.

In addition to the polyethylene tape wrap on Line 6B, Enbridge operated a cathodic
protection system to protect the line from corrosion. Pipe-to-soil electrical potential readings
taken on July 31, 2010, showed operating levels were above the minimum acceptable criteria
established under 49 CFR 195.571. Even with cathodic protection levels operating in excess of
the minimum levels specified in the regulations, disbonded tape coating can shield the cathodic
protection current from reaching the exposed pipe wall, allowing corrosion to form on the
external pipe surface.

% anscc colony is assessed to be “significant” if the deepest crack, in a series of interacting cracks, is greater
than 10 percent of wall thickness, and the total interacting length of the cracks is equal to or greater than 75 percent
of the critical crack length of a 50-percent through wall crack at a stress level of 110 percent of SMYS.

% One mil equals 1/1,000 inch.
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1.9.6 In-line Inspection Tools

A variety of in-line inspection tool technologies are used to estimate the size and location
of defects that may be on the inside or outside surfaces of the pipe wall. Different tools and
technologies are employed by operators depending on the type, orientation, and location of the
defects. Since 2004, Enbridge had inspected Line 6B using three types of tools: UltraScan Wall
Measurement (USWM), USCD, and MFL.

The USWM tool, which is an Elastic Wave tool, works by sending ultrasound in two
directions through the pipe wall and is useful for detecting wall thickness lost to corrosion. The
USCD tool detects longitudinal defects (cracks) in a pipe wall using the reflected ultrasonic
signals from the defects in the pipe wall to locate and size cracks. The transverse MFL tool relies
on magnetic fields to detect defects (cracks and corrosion) in the pipe wall and longitudinal
seams.

Despite their sophistication, the detection capabilities of in-line inspection tools have
limitations. Each tool technology has a stated minimum defect size that can be detected and the
tool can be subjected to interference from nearby anomalies or geometry. The ability of the tool
to detect a feature of minimum size is known as the probability of detection. Probability of
indication represents the uncertainty involved in the post-processing and interpretation of the raw
signals. Once detected, tool data are analyzed through sizing and selection algorithms and,
finally, by a data analyst, who characterizes the feature by type.

Enbridge told NTSB investigators that, when the right technology and processes are
implemented, in-line inspection has been shown to be more effective than hydrostatic testing at
maintaining a reliable pipeline. At the time of the accident, Enbridge had not performed
hydrostatic pressure testing on Line 6B since the time of its construction. Enbridge stated it
preferred to assess line integrity using in-line inspection tools.

1.9.6.1 USCD Tool

The USCD tool was designed to detect, locate, and size axially aligned cracks in liquid
pipelines; it requires a liquid coupling between the ultrasonic sensors and the inner pipe wall to
allow sound waves to pass between the tool and the pipeline. The amplitude of the sound
returning at 45° allows estimation of the depth of a crack or cracks in the pipeline. A crack must
be more than 1.18 inches long and 0.0393 inch deep to be detected by the tool and characterized
by the in-line inspection analyst. The tool reports single (crack-like) and multiple cracks (crack
fields) that are axially aligned, in both the body of the pipe and the seam weld area. To account
for uncertainty in the depth sizing, the USCD tool has a tolerance of £0.02 inch for reported
feature depths. However, Enbridge did not account for a tool tolerance in its analysis of the crack
depths in the 2005 USCD analysis.

In 2005, Enbridge requested that the crack depth be reported in depth ranges expressed as
a percentage of the tool-reported wall thickness. Crack depths are reported in ranges to account
for error in the tool’s ability to estimate depth. The tool-reported depth ranges were as follows:
0-12.5 percent, 12.5-25 percent, 25-40 percent, and greater than 40 percent.
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The USCD tool reported a wall thickness value for each segment of pipe. According to
PIl, the wall thickness was measured by the tool to facilitate feature sizing; the measurement was
not intended to be an accurate representation of the local wall thickness of the segment.

PII stated that for cracks above the detection threshold and located in shallow corroded
areas, the detection and identification would be distinctive and based on the reflected echo;
however, the reported depth would relate only to the crack indication, not to the depth of the
corrosion. (Therefore, it is important to note that the corrosion depth must be added to the crack
estimated depth to establish the true extent of the crack depth.) An exception to this occurs when
a crack is located at the edge of steep-sided corrosion. In this case, corrosion depth will not affect
the depth sizing and the tool will report the actual crack depth. PII further stated that the
information regarding the impacts of corrosion on crack sizing was not mentioned in its
brochures and had not explicitly been given to Enbridge. The following impacts on performance
may occur when an in-line inspection tool is detecting a crack in shallow corrosion:®

e [Probability of detection] — Signals reflected by corrosion could be diffused and
overlaid on the signals of shallow cracks.

e [Probability of indication] — Weak signals could be identified as rough surface and
therefore not sized and reported.

e Depth Estimation — The sizing performance could be affected by diffused and
overlaid signals of the corrosion.

Enbridge’s director of the integrity management program told NTSB investigators that an
operator should consider the corrosion and crack features identified by in-line inspection tools;
however, Enbridge prefers to monitor tool accuracy by comparing the in-line inspection tool
reported depths with the actual depths measured at the time of excavation. The Enbridge 2005
and 2006 field excavation evaluation procedures stated that defect depth should include crack
depth plus wall loss, but in 2005 no similar process was in place under the integrity crack
management program to incorporate the findings from field evaluations of the tool-reported
crack depth into the engineering assessments.

1.9.7 Enbridge Postaccident Threat Assessment Review

Dynamic Risk Assessment Systems, Inc., a contractor, conducted a systemwide threat
assessment review for Enbridge in 2011. Based on Enbridge’s 1984-2010 leak report database,
the review concluded that external corrosion had caused 14 percent of the past failures.
Environmentally assisted cracking® was responsible for 3 percent of the failures. The review
report stated, “External metal loss is one of the morphological traits associated with near-neutral
pH SCC and corrosion fatigue.” The report further stated, “the environmentally assisted cracking
mechanism that is most prevalent along Enbridge’s liquid pipeline system is either near-neutral

%0 See the item titled “IMP [Integrity Management Program] Pl Documents” in the NTSB public docket for
this accident.

61 . . . . . . . .
An environmentally assisted crack is corrosion fatigue or stress corrosion cracking that is accelerated by a
corrosive environment.
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pH SCC or corrosion fatigue.” For Line 6B, the review report categorized manufacturing defects
and external corrosion as significant threats and SCC as a moderate threat.

1.9.8 Prior In-Line Inspections of Line 6B

In-line corrosion inspections were performed in 2004, 2007, and 2009 using both MFL
and ultrasonic in-line inspection tools. The first in-line crack inspection performed on Line 6B,
following the introduction of the integrity management rule, was in 2005 using the USCD tool.
The following are summary findings from those inspection reports.

1.9.8.1 2004 Ultrasonic Wall Measurement In-Line Inspection

In 2004, Enbridge contracted PIl to conduct an in-line corrosion inspection on Line 6B
using an USWM tool. The PII inspection report for this inspection listed 50,270 corrosion
features on Line 6B, with 1,037 of those features having predicted failure pressures of less than
1.39 times the MOP or SMYS. Sixteen external corrosion features identified from the inspection
were located on the ruptured segment; 12 of these were on the longitudinal seam weld, and
4 were near the seam weld. Four regions of external corrosion were identified within the
immediate rupture location (see figure 17); however, none of these features met the Enbridge
criteria for excavation (predicted failure pressure that was less than 1.39 times the MOP). At the
location within the fracture corresponding to the deepest preexisting crack penetration®
identified by the NTSB Materials Laboratory, the 2004 USWM inspection report documented an
area of corrosion measuring 18.5 inches long located about 0.80 inch below the longitudinal
seam weld with a maximum recorded depth of 0.087 inch (34 percent of the wall thickness). This
area of corrosion was located 27.92 feet from the upstream girth weld. In June 2004, Enbridge
imposed a pressure restriction at the Marshall PS based on corrosion findings (downstream of the
Marshall PS near MP 611) from the 2004 in-line inspection that limited the discharge pressure to
525 psig. The 2004 inspection results included some corrosion indications with estimated depths
that might have been undersized due to echo loss.®® To supplement the readings affected by the
echo loss, Enbridge performed a second corrosion inspection in 2007.

%2 | ocated 28 feet 8 inches from the upstream girth weld.

83 Echo loss occurs when the sound signal is not reflected back to the transducer of the inspection tool, resulting
in missing or lost data. Pl stated that it used an algorithm to determine the depth of features in cases where echo
loss occurred.
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24 1t 6.0 in Distance
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over the fracture region Flow >

Fracture detail

2004 USWM corrosion features on the ruptured segment

Distance from upstream . Local wall Length ofarea Deepestindication
Feature ID girth weld ?ﬂ) Width of area (degrees) thickness (in) 9 (in) P (in)
1 10.22 101-107 0.268 7 0.047
2 11.73 101-109 0.26 116 0.047
3 20.24 101-118 0.26 259 0.055
4 245 101-120 0.252 184 0.055
5 26.44 91-97 0.26 24 0.047
6 27.92 100 - 153 0.252 185 0.087
7 29.7 101-108 0.252 5.8 0.047
8 30.52 93 -96 0.252 0.6 0.047
9 30.72 91-96 0.252 41 0.047
10 30.96 101-116 0.252 43 0.047
1 32.87 101-109 0.252 47 0.055
12 33.41 101 -104 0.252 1.6 0.047
13 33.82 91-109 0.252 16.5 0.055
14 36.02 88-123 0.252 274 0.063
15 38.24 109-115 0.26 1.2 0.047
16 38.7 100 - 104 0.26 1 0.055

The longtiudinal seam weld was reported by the tool as oriented 100 degrees clockwise from the top of the pipe

Figure 17. 2004 corrosion inspection of Line 6B and 16 regions of corrosion identified by the
tool on the ruptured pipe segment. The detail view shows the areas of corrosion overlapped with
the rupture location.
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1.9.8.2 2005 In-Line Inspection—PIl USCD Crack Tool Results

The 2005 USCD tool report identified 7,257 crack-like, crack-field, and notch-like
features on Line 6B. The report included six indications of crack-like features located on the
external surface that were adjacent to the weld in the ruptured segment. All of the features in the
ruptured segment were oriented between 98° to 102° relative to the top of the pipe and were
located below the longitudinal weld seam, which the inspection report stated was at 96° relative
to the top of the pipe.

Wall thickness of the ruptured segment was measured by the 2005 USCD in-line
inspection tool and reported as 0.285 inch for the entire segment length. This tool reported wall
thickness was used by P1l when reporting the depths of all crack features as a percentage of wall
thickness. PII stated that the wall thickness measured by the tool is not intended to be a local
indication of wall thickness in the pipe segment. The tool-reported wall thickness value and
crack depths® (reported as a percentage of tool-reported wall thickness) were used by Enbridge
when conducting the engineering assessments of predicted failure pressure and fatigue life of the
cracks. The assessments were the basis of selection for pipeline excavation and reinspection
intervals.

PII identified six crack-like indications in the 2005 Line 6B in-line inspection report for
the ruptured pipe segment. (See figure 18.) Two of the crack defects had depths of 12 to
25 percent of the tool-reported wall thickness. These features were 25.5 inches and 51.6 inches
long and were located directly over the area of rupture. The deepest (with a depth of 25 to
40 percent of the tool-reported wall thickness) of the six crack-like features was 9.3 inches long
and was located 11.04 feet from the upstream girth weld of the ruptured segment.

% The Enbridge procedure required that the maximum depth range be used for an initial engineering
assessment; however, if the result of the initial calculation was less than the hydrostatic test pressure, a second
assessment was performed using a refined crack depth (profile) requested from the in-line inspection vendor. PII
stated that it does not stand behind the accuracy of refined depths or profiles. A profiled depth for the 9.3-inch
crack-like feature was requested during the analysis of the 2005 in-line inspection data that resulted in the crack not
being excavated.
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o Fracture detail 2005 USCD crack-like features identified on the ruptured segment

Longitudinal seam weld orientation reported
at 96 degrees clockwise from top of pipe

Orientati Distance from Feat Feat Feature depth (range in
Feature D o atoN  hetream girth | oo re SaUr€  hercent wall thickness)
(degrees) length (in) ~ width (in)
weld (ft)
1 100 11.04 9.3 34 25-40
2 102 20.79 14.1 33 <125
3 100 23.91 255 41 12.5-25
4 100 26.66 51.6 41 12.5-25
5 101 31.18 401 41 <12.5
6 98 36.82 27.8 51 <125

Wall thickness reported as 0.285 inch for the entire segment

Figure 18. 2005 in-line inspection regions where crack-like characterizations were reported by
PII on the ruptured segment of Line 6B.

According to PII, all six features identified on the ruptured segment, including the
51.6-inch-long crack, were originally characterized as crack-field indications by a junior analyst;
however, a supervisor changed the analyst’s characterizations to crack-like defects during a final
quality check.

The Enbridge excavation criteria for crack fields required that features with a longest
indication of 2.5 inches or larger or with a depth of 25 to 40 percent of the wall thickness be
scheduled for excavation. Features reported as crack-like were selected for excavation if the
depth was greater than 40 percent of the wall thickness or an engineering assessment resulted in
a predicted failure pressure that was less than the hydrostatic pressure of the pipeline.

Using fitness-for-service software, Enbridge conducted engineering assessments for
predicted failure pressures on all six of the reported crack-like defects. Enbridge used the
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reported wall thickness and crack depths as they appeared on the final 2005 inspection report
from PII or as profiled for the 9.3-inch-long feature. Each of these defects had a calculated
failure pressure greater than the hydrostatic test pressure of the pipeline (796 psig). Further, none
of those indications had a reported depth of greater than 40 percent of the tool-reported wall
thickness. Based on the results of the engineering assessment, Enbridge did not identify any of
the six crack-like defects on the ruptured pipeline segment for excavation and examination.

After the Marshall accident, PIl reanalyzed the raw signal data from all of the
six indications and stated that each should have been classified as crack-field features. A PII
analysis of the 51.6-inch-long crack-like defect detected during the 2005 USCD in-line
inspection showed that this defect should have been reported as a crack-field feature with a
longest individual crack length of 3.5 inches. Also, using newer PI1I depth estimating algorithms,
developed in 2008 for crack-field features, the depth of the 51.6-inch-long crack-field feature
was characterized as 0.091-inch deep (32 percent of the tool-reported wall thickness). By
comparison, the depth algorithm used in 2005 for the same 51.6-inch-long feature (crack-like
feature depth analysis) showed a depth of 0.063 inch (22 percent of the reported wall thickness).

Following the accident, in 2011, Enbridge completed a crack inspection of Line 6B. The
2011 ultrasonic crack tool report identified 4,478 crack-like, crack-field, and notch-like features,
which was a decrease from the 2005 inspection. (PIl had made changes to its feature
identification process in 2008.)

1.9.8.3 2007 In-Line Inspection—PII High-Resolution MFL Tool Results

Enbridge contracted PIl to conduct a 2007 MFL inspection of Line 6B to confirm the
depth estimates in areas of echo-loss identified during the 2004 USWM inspection. The
2007 MFL report included 67 corrosion features identified on the ruptured segment starting at
about 4 feet and extending to 39.64 feet from the upstream girth weld. The inspection report for
the 2007 MFL in-line inspection included a calculation of the predicted failure pressure for each
defect on the pipe segment. Neither the deepest feature reported nor the feature with the lowest
predicted failure pressure was located at the rupture location.

1.9.8.4 2009 In-Line Inspection—PIl USWM Tool Results

In June 2009, PII conducted an in-line corrosion inspection of Line 6B using an USWM
tool. The report issued to Enbridge in December 2009, which was revised by PII and reissued in
June 2010, identified 273,759 metal loss features, and 6,791 of those features had predicted
failure pressures that were less than 1.39 times the MOP and met the Enbridge excavation
criteria. Nineteen features were found in the ruptured segment; however, none of them met the
excavation criteria. All but four of the reported features in the ruptured segment were listed as
external corrosion located near the seam weld, oriented between 87° and 99°.%° The feature with
the lowest calculated predicted failure pressure in the ruptured segment was 28.2 feet from the
upstream girth weld and measured 68.03 inches long by 17.05 inches wide.

% These positions are located clockwise from the 12 o’clock position or the top of the pipe (0°).
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1.10Pipeline Public Awareness Programs

1.10.1 Regulatory Requirements

Pipeline operators are required to develop and implement a written continuing public
education program in accordance with 49 CFR 195.440. The regulation states that the program
must provide awareness information to the public, appropriate local government officials, and
emergency responders. The awareness information must include information about the possible
hazards associated with releases, use of a one-call notification system, physical indications that a
release has occurred, steps that should be taken in the event of a release, and procedures for
reporting such a release.

1.10.2 APl Recommended Practice 1162

Public awareness programs (PAP) must follow the guidance in API’s Recommended
Practice (RP) 1162, Public Awareness Programs for Pipeline Operators (December 2003). RP
1162 was incorporated by reference into the pipeline regulations (49 CFR 195.3(c)).

RP 1162 establishes guidelines for pipeline operators to develop, manage, and evaluate
PAPs. RP 1162 identifies audiences that should receive awareness messages, the content of
baseline awareness messages, and the frequency of the messages for each audience. Audiences
defined in the standard include the affected public, emergency officials (including fire
departments and police departments), and local public officials. RP 1162 states that the
evaluation should include both the process and the program effectiveness. RP 1162 states that
operators should evaluate the process annually and evaluate program effectiveness at intervals
not greater than every 4 years. This evaluation should determine if the awareness messages are
reaching the audiences and if the audiences understand the messages.

1.10.3 Enbridge’s PAP

Enbridge’s PAP was completed in June 2006 and revised in 2010. According to
Enbridge, direct mail brochures were mailed to all audiences annually. Prior to the Marshall
accident, the most recent direct mailings were in May 2010. For Calhoun County, 2,304 mailing
addresses were listed. For Marshall, 509 mailing addresses were listed.

On February 28, 2010, Enbridge, along with six other pipeline companies, hosted safety
awareness training in Jackson, Michigan, for emergency officials. Topics included product
hazards and characteristics and leak recognition and response. One attendee was from the
Marshall City Fire Department, and two attendees were from the Marshall Township Fire
Department. Enbridge mailed its 2010 Michigan Pipeline Emergency Response Planning
Information manual to emergency response organizations that were not present for the safety
awareness training.

Enbridge’s program plan was reviewed informally by Enbridge’s program awareness
manager and formally through the Public Awareness Program Effectiveness Research Survey
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(PAPERS) program.® The program was conducted every 2 years, and the most recent program
was conducted in 2009 (prior to the accident). According to the PAPERS report, the objective of
the survey was to determine if the public awareness information is reaching the
intended stakeholder audiences and if the audiences understand the messages delivered.
Twenty-six operators participated in the survey. For Enbridge’s survey, the report notes that
there were 314 respondents from the affected public audience and 267 additional attendees from
other audiences.®’ Tables 1 and 2 show the responses (in percentages) to two key questions about
pipeline awareness and pipeline information.

Table 1. Awareness of pipelines in the community.

Question: How well informed would you say you are regarding pipelines in your community?

Affected Public Public Officials Emergency Officials
Very well informed 23% 39% 47%
Somewhat informed 36% 32% 38%

Not too informed 27% 21% 16%
Not at all informed 15% 8% 0%
Don’t know/refused 0% 0% 0%

Table 2. Pipeline information received.

Question: Within the past two years (Affected Public)/12 months (Excavators, Emergency

Officials)/three years (Public Officials), do you recall receiving any information from a pipeline
company, or companies, relating to pipelines?

Response Affected Public Public Officials Emergency Officials
Yes 55% 64% 7%
- 45% 34% 21%
0% 2% 2%

Don’t know/refused

% The PAPERS review is sponsored by the API, the Association of Oil Pipelines, and the Interstate Natural Gas
Association of America. The PAPERS program is an industrywide survey conducted to assess the effectiveness of
PAPs.

67 s - . -
This includes excavators, emergency officials, and public officials.
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1.11Enbridge Operations

1.11.1 Edmonton Control Center

The Enbridge pipeline system is controlled from a single SCADA control center located
in Edmonton, Alberta, Canada. According to Enbridge’s HCA management plan, dated
March 2010, the Edmonton control center is the hub of emergency response and shuts down a
pipeline within 8 minutes® of an abnormal condition when the condition cannot be identified or
corrected. During a shutdown, control center staff contact operational personnel in the area to
respond.

At the time of the accident, the control center was staffed by 22 control center operators,
2 shift leads, and an MBS analyst, all of whom worked in 12-hour shifts. Control center
operators were grouped in pairs in what Enbridge referred to as “pods.” Each console within a
pod controlled two or more pipelines. A control center supervisor and the MBS analyst were
either available at the control center or were on call on nights and weekends.

At the time of the accident, the MBS analyst reported to the information technology
department. The MBS analyst position had been added to the control center in July 2008. Before
the position existed, MBS alarms were handled by an on-call engineer; alarms were not analyzed
in the control center. Operator A2 stated that over the last few years, the MBS analyst’s role had
evolved from determining whether the MBS program was working and an MBS alarm was valid
to determining whether the operator should shut down the pipeline.

The control center was staffed by four groups of individuals involved in pipeline
operational decisions. The control center operator was responsible for direct control of the
movement of products through the pipeline. The control center operator was to start or stop
pipeline flow according to a schedule determined by another Enbridge department, and in
accordance with pipeline operating restrictions. The control center procedures gave authority to
the control center operator to shut down the pipeline under specific circumstances or for any
other reason that the control center operator determined to be in the best interests of safety.

Shift leads served as liaisons between operators and others involved in pipeline
operations to facilitate pipeline operations. Their role was tailored toward managing the control
center operators and assisting them in troubleshooting rather than solving pipeline operational
issues. In this capacity, the shift leads were required to have had some technical experience in
operations (typically that of an operator); however, a shift lead was not required to demonstrate a
technical proficiency in pipeline operations on a regular basis. Operator B1 told investigators,
“We don’t have anybody that’s designated as a technical person. They (shift leads) are
people-people—people persons...they both have more experience than | do. So | would—I’m
going to assume that they would know as much or more than I do.” Shift lead B2 described his
role as follows: “... I’'m there to first and foremost be a people leader to the operators in the
room and then also provide support where needed, whether that’s technical support, whether

68 Enbridge used an 8-minute timeframe for recognition and for shutting valves when calculating worst-case
discharges on the pipeline. This time was different from the control center’s 10-minute restriction, which required
the control center operator to stop a pipeline under specific circumstances.
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that’s, | guess support as a leader with personal issues or anything that is involved in the control
center.”

The on-call supervisor was above the shift lead in authority. His or her direct position
within the Enbridge organizational structure varied according to the title of the person serving as
on-call supervisor at that time. In general, the on-call supervisor, a position that varied according
to a predetermined rotation schedule, was at the first or second level above the shift lead. His or
her role was to confer with the shift lead and others in the control center when a pipeline
operating issue could not be settled at the shift lead/operator level and approve or disapprove of a
decision regarding pipeline operations. The MBS analyst, while not in the chain of command of
the control center operator, shift lead, or on-call supervisor, provided expertise in response to
MBS alarms. The role of the MBS analyst was to determine, according to his or her analysis of
the data provided by the MBS software, whether the MBS software was operating correctly;
however, the control center procedures set the expectation that the MBS analyst would tell the
shift leads and control center operators whether a leak alarm was “valid” or “false”.

According to Enbridge’s vice president of customer service, who oversaw the control
center and the pipeline scheduling department at the time of the accident, the company’s
emphasis on shift leads’ leadership skills was based on an increase in the number of control
center staff. On January 1, 2007, Enbridge employed 89 control center operators and 15 control
center support staff. On July 15, 2010, these staff numbers rose to 117 and 37, respectively. The
addition of new pipelines to the Enbridge system had necessitated increasing the control center
staff. Some operators told NTSB investigators that the experience level in the control center had
decreased as staff numbers increased.

1.11.2 Control Center Personnel Experience

NTSB investigators examined Enbridge control center documents to assess the
experience levels of the control center staff who were on duty at the time of the accident. The
shift leads had held their positions from 3 to 6 years and had obtained varying levels of
experience before becoming shift leads. The control center operators working on shifts A, B, and
C had from 3 to 30 years experience. Because the MBS analyst position was new to the
control center as of 2008, the two MBS analysts had been in their positions 1.5 to 2 years.
MBS analyst A had no prior pipeline operations experience. MBS analyst B had more than
20 years of experience as a control center operator before becoming an analyst. Table 3 lists the
people involved in the Line 6B shutdown and startups on July 25 and 26, as well as their
experience and position in the control center.
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Table 3. Key control center staff involved in the accident and their years of experience.

Shift A: Sunday 8:00 a.m.—Sunday 8:00 p.m.

6 years as operator

Shift lead Al Pipeline/Terminal Consoles 3 years as shift lead

25 years with Enbridge

Shift lead A2 Pipeline/Terminal Consoles 6 years as shift lead

: 29 years as operator
Operator Al LITES € 0, (65, Sl @8 Qi) Requalifying on Line 6B after 6-month absence

Operator A2 Mentor to operator Al 30 years experience

Level Il MBS analyst

MBS analyst A Responsible for MBS (leak detection) 1.5 years experience

Shift B: Sunday 8:00 p.m.—Monday 8:00 a.m.

11 years with Enbridge

Shift lead B1 Pipeline/Terminal Consoles 3 years as shift lead

Shift lead B2 Pipeline/Terminal Consoles LTSIl )
2.5 years as shift lead
Operator B1 Lines 3, 17, 6A, and 6B operator 3.5 years as operator

Lines 4 and 14 operator and
shiftmate to operator B1

Operator B2

Just over 2 years as operator

20 years as operator

MBS analyst B Responsible for MBS (leak detection) 2 years as Level lll MBS analyst

Control center
supervisor On-call designated supervisor
(on-call)

20 years operations experience
1.5 years as supervisor

Shift C: Monday 8:00 a.m.—Monday 8:00 p.m.

15 years with Enbridge

Shift lead C1 Pipeline/Terminal Consoles e

8 years with Enbridge

Shift lead C2 Pipeline/Terminal Consoles 2 years as shift lead

Operator C1 Lines 3, 17, 6A, and 6B operator 6 years as operator

MBS analyst A See Shift A information
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1.11.3 Toxicology

After the accident, as required by 49 CFR 199.105(b)* and 199.221,° Enbridge
conducted drug”* and alcohol tests for each shift lead and Line 6B operator on duty during shifts
A, B, and C. Specimens were collected from all the shift leads and operators A2 and C1 between
8:50 and 10:50 p.m. on July 27. Specimens were collected from operators Al and B1 between
12:00 and 12:40 p.m. on July 28. The results of the drug tests were negative. However, these
results were not valid because the alcohol testing was not conducted within the maximum time
allotted after the rupture as specified in the regulations.

Enbridge did not explain to PHMSA why alcohol testing was not carried out within
8 hours of discovery of the rupture, as required by 49 CFR 199.221 and 199.225(a). Still,
Enbridge tested these individuals even though more than 8 hours had passed since they had been
on duty. The control center supervisor told investigators that the delay in testing was due to the
delay in confirming the rupture and the fact that many of the personnel who had been on duty
during the accident sequence had gone home by the time the rupture was identified.

1.11.4 Training and Qualifications

1.11.4.1 Control Center Operations

Enbridge’s supervisor of training and compliance for control center operations was
responsible for control center training. He also oversaw the operator qualification process
required in 49 CFR 195.505. During postaccident interviews, he stated the following regarding
operator training: “...the goal is for the operator to operate independently, but also with the
support of the team members.”

Operator training was conducted in five phases and typically lasted about 6 months. The
initial phase of instruction consisted of classroom and web-based instruction covering material
such as hydraulics, vapor pressure, viscosity, and specific gravity. The remaining phases
incorporated on-the-job training with a mentor, problem solving, and abnormal operation
recognition presented through a simulator. By the completion of the fifth phase, students were
expected to recognize and respond appropriately to abnormal operating conditions, including
column separation and leak scenarios. Upon successfully completing additional classroom

% The regulation states, “(b) Post-accident testing. As soon as possible but no later than 32 hours after an
accident, an operator shall drug test each employee whose performance either contributed to the accident or cannot
be completely discounted as a contributing factor to the accident. An operator may decide not to test under this
paragraph but such a decision must be based on the best information available immediately after the accident that
the employee's performance could not have contributed to the accident or that, because of the time between that
performance and the accident, it is not likely that a drug test would reveal whether the performance was affected by
drug use.”

70 «gach operator shall prohibit a covered employee who has actual knowledge of an accident in which his or
her performance of covered functions has not been discounted by the operator as a contributing factor to the accident
from using alcohol for eight hours following the accident, unless he or she has been given a post-accident test under
8199.225(a), or the operator has determined that the employee's performance could not have contributed to the
accident.”

™ The drug test included five classes of illegal drugs: marijuana, cocaine, opiates, amphetamines, and
phencyclidine.
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training, passing a written and oral examination administered by a trained evaluator, and
demonstrating proficiency by operating a pipeline for 10 shifts without intervention from a
mentor, students were considered qualified operators.

Operator training emphasized individual knowledge, skills, and performance. Enbridge
did not conduct team training involving shift leads, operators, and MBS analysts, nor did
PHMSA or the NEB require such training. According to Enbridge, although it did not conduct
formal team training programs, control center operators were introduced to team aspects of the
control center during initial training and were expected to rely on available control center staff to
accomplish training objectives. When operators were introduced to simulator scenarios,
instructors and other course participants used role playing to assist or distract the operator
trainees, portraying, for example, on-site or on-call field personnel. According to Enbridge, part
of the evaluation of student performance was based on the quality of the student’s teamwork.

After qualifying, operators and shift leads participated annually in simulator training
where they were presented with leak and column separation scenarios, as well as other abnormal
operating conditions. PHMSA required operators to demonstrate their technical knowledge and
pipeline operating proficiency on a regular basis through an evaluation process known as
operator qualification. Enbridge conducted operator qualifications at 3-year intervals, in
accordance with PHMSA regulations. PHMSA did not require, nor did Enbridge regularly
evaluate, the technical proficiency of shift leads, MBS analysts, or other control center
Supervisors or managers.

Many of the operators told NTSB investigators that the emergency scenarios were the
only occasion they had to observe a leak scenario after completing their initial training. One
operator described the emergency scenarios they practiced in the following manner, “They have
some preconfigured programs that we run and some of them have station lockouts and some of
them have leaks and some of them have just com [communications devices] fails and different
scenarios that we go through to help us to understand what we’re seeing.” The operator added
that they practice leak scenarios on the simulator, but, because the simulators do not have MBS
alarms, they recognize leaks by line pressure variations.

According to Enbridge’s control center supervisor, applicants for control center operator
positions came from two groups: (1) graduates with degrees in engineering technology from
2-year technical schools in Alberta and (2) people with experience as control center operators.
Enbridge gave applicants written tests and simulator exercises, and those who performed
satisfactorily were interviewed by control center supervisors and managers. Interviews sought to
determine the ability of applicants to perform satisfactorily with others in Enbridge’s control
center.

1.11.4.2 MBS Analyst

MBS analyst training typically takes 3 months to complete. According to Enbridge’s
director of the pipeline modeling group, the curriculum contained two instructional
segments: (1) learning basic hydraulic information and the Enbridge MBS and (2) participating
in on-the-job training and observing qualified MBS analysts perform their duties. In addition,
students practiced scenarios on a simulator and determined the validity of MBS alarms.
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Upon successfully completing a written examination and a performance assessment on a
simulator-presented scenario, students were considered qualified as MBS analysts.

1.11.5 MBS Leak Detection

1.115.1 Federal Regulations

PHMSA requires pipeline operating companies to have effective leak detection methods
under 49 CFR 195.452(i)(3), “An operator must have a means to detect leaks on its pipeline
system. An operator must evaluate the capability of its leak detection means and modify, as
necessary, to protect the HCA. An operator’s evaluation must, at least, consider, the following
factors—length and size of the pipeline, type of product carried, the pipeline's proximity to the
HCA, the swiftness of leak detection, location of nearest response personnel, leak history, and
risk assessment results.” In addition, 49 CFR 195.134 requires that each hazardous liquid
pipeline transporting liquid in single phase, with an existing CPM system, comply with section
4.2 of APl RP 1130 in its design. Title 49 CFR 195.444 requires that the CPM system be
compliant with APl RP 1130 with respect to operating, maintaining, testing, record-keeping, and
dispatcher training.

1.11.5.2 APl 1130 Computational Pipeline Monitoring for Liquids

API’s RP 113072 for CPM of liquid lines offers guidance to pipeline operating companies
on how to establish and to operate CPM leak detection systems. This RP addresses technology,
infrastructure, SCADA, data presentation, system integration with SCADA, CPM operations,
and system testing. The RP addresses the use of a support person to help a control center
operator distinguish between types of CPM alarms. The RP states,

The causes of the Pipeline Company CPM Alarms are not usually determined by
a separate piece of software, (i.e. an expert system) that provides the cause or
probability of cause, but by the Pipeline Controller or CPM support person.
Simply understanding the cause of the alarm condition on a monitored pipeline
may not be the end of the alarm evaluation.

According to the RP, the CPM system should use three alarms to help “justify the CPM
system credibility and sensitivity of the CPM system.” The RP further states,

Many CPM systems provide just one type of alarm and so in this case the
determination of the cause and categorization of alarm should be made by the
person who evaluates the alarm (the Pipeline Controller or perhaps jointly with a
CPM support person) or by a separate piece of software (i.e. an expert system)
that provides the cause or probability of cause. Automatic alarm cause evaluation
would be a desirable CPM system feature.

2 API RP 1130, Computational Pipeline Monitoring for Liquids, third edition, September 2007.
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The Edmonton control center staff relied on the MBS analyst as their support person for
MBS alarm evaluation.

The RP states that past instances of alarm causes can be a useful guide in alarm
evaluation but every alarm should be evaluated individually and assumptions of previous causes
should not be readily made. API’s RP 1130 further emphasizes the need for review of past CPM
alarms when they become excessive so as to maintain CPM credibility, “an excessive number of
alarms will detract from the system credibility and may create complacency.”

API’s RP 1130 states 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 RP
states that an operator needs specific training and appropriate reference material.

1.11.5.3 Enbridge’s MBS

Enbridge’s MBS software was one of several leak detection methods Enbridge used.
Additional leak detection methods included aerial patrols, emergency hotline calls, a batch
tracking system, and SCADA data.

At the time of the accident, the Enbridge MBS used a real-time pressure transient
pipeline model, which operated in parallel with the SCADA system and consisted of a hydraulic
model with the actual pipeline’s attributes.” The MBS software incorporated real-time pressure,
flow, temperatures, and density from the SCADA and the batch-tracking system to calculate an
expected flow and pressure between the pipeline sections and then compare those values to the
actual flow meter readings. The system monitors volume imbalances between the estimated and
actual flows in the pipeline. One flow meter installed along the mainline at the Marshall PS,
divided Line 6B into two separate volume balance sections: (1) the Griffith Terminal to the
Marshall PS, and (2) the Marshall PS to the Sarnia Terminal. Additional flow meters were
installed at the delivery and injection terminals. During times of stable operation, the MBS relied
upon both flow measurement and pressure data to calculate imbalances. Losing one or the other
would affect the level of accuracy.

When the volume imbalance of the MBS software exceeded the alarm or threshold value,
an audible alarm and visual alert were displayed to the control center operator’® that required
interpretation by an MBS analyst. The shift lead and control center operators had a limited set
of MBS displays, including pipeline elevation and hydraulic gradient profiles; however,
operator Al and shift lead B2 told investigators they were not familiar with the MBS console
displays and were not trained to use the MBS software. Enbridge used a single MBS alarm
indication that displayed as a 5-minute, 20-minute, or 2-hour alarm (the shorter the time, the
larger the leak indication). A second alarm sounded when the condition continued for more than
10 minutes.

"3 This included diameter, length of line, valves, fittings, PSs, and elevations.

[ Enbridge’s SCADA system used only one sound for all alarms, regardless of pipeline condition or urgency of
operator action needed in response.
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Because the MBS software relied on SCADA pressures and flow meter readings,
transient operations such as shutdowns and startups could impact the MBS software’s leak
detection capabilities. MBS analyst B also stated that the shift leads were aware that when
column separation was present, the MBS software was “not reliable.” The supervisor of the MBS
group told investigators that it was commonly known that MBS alarms clear upon shutting down
a pipeline.

The Enbridge MBS procedure (that is, flowchart) indicates that when column separation
is present, the MBS software is unreliable. As explained by an Enbridge MBS specialist and
MBS analyst B, the MBS software is no longer able to predict the pipeline performance
accurately so the MBS analyst does not believe the MBS software when there is column
separation present in a pipeline segment. Just because an MBS event clears in the SCADA
system, it does not mean the underlying condition has been resolved. Column separation is a
known limitation to pressure transient leak detection systems because the systems are built to
estimate the flows and pressures of a homogenous liquid line.

MBS analyst B told investigators that over a typical 12-hour shift, three of five calls were
due to column separation. According to Enbridge, calls to the MBS analyst to research MBS
alarms averaged from 1.6 to 4.2 calls per shift in 2010. More than one operator interviewed
stated that a majority of the MBS alarms were related to either column separation or
instrumentation. Historical alarm records showed that no MBS alarms attributed to column
separation occurred on Line 6B before the pressure restrictions were implemented at the
Marshall PS in July 2009. Following the 2009 pressure restrictions, the control center reported
three MBS alarms’ associated with column separation. None of the reported column separation
indications were near the Marshall PS or ruptured pipe segment.

During the initial startup on July 26, 2010, the MBS analyst B had to override the
pressures in the MBS software’™ to reflect actual conditions at the Niles PS because the
MBS system did not reflect the closed valves. A second pressure transmitter at the
Stockbridge Terminal (downstream of Marshall) had been disabled in the MBS software on
July 22 and re-enabled at 10:00 p.m. on July 25, 2010.

1.11.54 Column Separation

Column separation, sometimes called slack line, commonly occurs in areas of higher
elevation where the line pressure is lowest on a pipeline; however, column separation can occur
at any point in a pipeline where the pressure in the line is below the pressure at which the oil
becomes a vapor’’ resulting in liquid-and-vapor mix. The vapor within the pipeline forms a void
that restricts the flow of liquid. Any void in the internal volume of the pipeline, including a large

" These alarms occurred on October 18, 2009; April 28, 2010; and June 27, 2010. All of the MBS alarms were
in the Marshall PS to the Stockbridge PS section with column separation indications at the Marysville Terminal,
downstream of the Stockbridge PS.

’® The Niles PS pressure transmitters used by the MBS were located behind the isolation valves that were shut
when the station was taken out of service for the in-line inspection tool; therefore, the pressure readings were
disabled in the MBS software following the shutdown on July 25, 2010.

™ The point at which a liquid turns to vapor is a function of both temperature and pressure and is referred to as
the vapor pressure of the liquid.
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loss of oil either from a rupture or drain off into lower elevations, would result in column
separation indications over the leak detection software. The terrain between the Marshall PS and
the next PS was relatively flat with a net elevation rise between the two of about 30 feet and a
maximum rise of 100 feet. To eliminate column separation, pressure must be increased above the
vapor pressure of the liquid.” This may require generating back pressure in the line by closing a
downstream valve or increasing the delivery rate or pressure from an upstream PS.

1.11.6 Procedures

1.11.6.1 10-Minute Restriction

Multiple control center operational procedures reference a restriction to operation of the
pipeline in excess of 10 minutes when operating under unknown circumstances. The 10-minute
limit appears in the control center Suspected Column Separation, MBS Leak Alarm-Analysis by
MBS Support, and Suspected Leak procedures, among others and was commonly referred to in
the control center as the “10-minute rule.”

The 10-minute limitation was adopted as a result of the March 1991 Enbridge rupture and
release that occurred on Line 3, spilling 1.7 million gallons of crude oil in Grand Rapids,
Minnesota.”® The oil release polluted a tributary of the Mississippi River with a reported cleanup
cost of $7.5 million. The failure occurred in fatigue cracks at the base of the DSAW longitudinal
seam weld (where the weld meets the body of the pipe). During the 1991 accident, personnel in
Enbridge’s Edmonton Control Center interpreted the SCADA alarms and indications to a
condition of column separation and instrument error and continued to pump oil into the ruptured
34-inch-diameter line for more than an hour until the leak was recognized.

In 1991, Enbridge stated in its response to PHMSA that a revision to the operation
maintenance procedures manual was adopted stating, “If an operator experiences pressure or
flow abnormalities or unexplainable changes in line conditions for which a reason cannot be
established within a 10-minute period, the line shall be shut down, isolated, and evaluated until
the situation is verified and or [sic] corrected.”

1.11.6.2 Suspected Column Separation

The control center’s suspected column separation procedure (see appendix B) required
that the control center operator notify the shift lead in the event of a suspected column
separation. According to the procedure, if the column separation had not been restored within
10 minutes, the control center operator was to notify the shift lead, shut down the pipeline, close
the mainline valves and record the event electronically as an abnormal operation. The shift lead
had the responsibility of making emergency notifications to the field and having field personnel
confirm a leak. If no leak were found then the line could only be restarted with permission from
the pipeline control on-call designated supervisor.

8 According to Enbridge, on the evening of the rupture, Cold Lake crude was being pumped through Line 6B,
which has a stated vapor pressure below atmospheric pressure.

 pHMSA investigated this accident.
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A draft version of the suspected column separation procedure was sent out to control
center staff for review in May 2010. The draft version of the procedure included a new section to
the existing procedure addressing “starting up into a known column separation.” Under the draft
procedure, the control center operator was to notify the shift lead of the column separation and
calculate an estimated time to restore the column prior to starting the pipeline. Under known
column separation procedure, the 10-minute restriction became effective only after the estimated
time to restore the column had expired.

According to operator B2, the draft procedure was used once prior to the accident, when
starting a pipeline that had been intentionally drained into storage tanks. According to shift lead
B1 who used this procedure during the first startup, he believed that there had been an excessive
volume lost due to drainage to lower elevations and delivery locations after the shutdown. He
had also attributed volume lost to a valve that had been opened at the Marysville Terminal
delivery location during startup that morning. Shift lead B1 stated that he was aware that this was
a draft procedure.

1.11.6.3 MBS Alarm

According to the control center procedures on leak alarms, the control center operator
notified the shift lead and recorded the event as an abnormal operation in the facility and
maintenance database. The shift lead had the responsibility of assessing the alarm and calling it a
temporary alarm or notifying the MBS analyst to review the alarm. Shift leads nearly always
gave the MBS alarms to the MBS analyst for review. The procedure required that the control
center operator shut the line down if an analysis of the MBS alarm was not complete within
10 minutes. The control center staff expected that either the MBS analyst would report the alarm
as “valid” or “false”; however, these terms do not appear in the MBS flowchart for examining
MBS alarms. Temporary or false alarms resulted in the pipeline being allowed to start again or
resume normal operations without approval. Valid alarms required approval of the on-call
supervisor or regional management to start the pipeline.

MBS analyst B told investigators that “valid” and “false” were control center terms and
were not used by MBS analysts. According to the Enbridge flowchart®® used by the
MBS analyst, if the MBS software showed that vapor was present in the pipeline, the MBS
analyst was to contact the shift lead and tell the shift lead that the software was showing column
separation but that the software was not reliable. The Enbridge flowchart directed the MBS
analyst to tell the shift lead that it was the control center operator’s decision to start the line.
After the accident, MBS analyst B told investigators that it was the operator’s job to examine the
pressures on the pipeline to determine if there was a leak or not.

1.11.6.4 SCADA Leak Triggers

The Enbridge control center procedures included a leak triggers list, that is, indications in
the SCADA system of possible leaks. The procedure defined leak triggers as unexplained,
abnormal operating conditions or events that indicate a leak. Enbridge included suspected

80 gee Enbridge’s MBS and control center operations procedures provided in appendix B of this report.
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column separation, MBS alarms, MBS malfunction, leak triggers from SCADA data, a suspected
leak from SCADA data, and sectional valve alarms as some of the conditions constituting
abnormal events that required reporting to management.

The control center operator was to use the suspected leak procedures to determine
whether a leak was present on the pipeline through SCADA indications. Leak triggers included
active MBS alarms, sudden drops in discharge or suction pressure, sudden increases or decreases
in flow rate, and the local shutdown of PSs in combination with pressure drops. One or two leak
triggers required that the suspected leak procedure be followed, which monitored the line
conditions for further leak triggers. If a leak could not be ruled out in 10 minutes then the line
was to be shut down. Three or more leak triggers required the immediate shutdown of the
pipeline and emergency notifications to the field under the confirmed leak triggers procedure.

1.11.6.5 Suspected Leak—Volume Difference

A suspected leak procedure for volume differences associated with pipeline estimates
performed by the control center operator from the commodity movement and tracking system
(CMT)® stated that if the difference between the volume injected into the pipeline and the
volume received at the terminals is more than 10 percent, or if the volume imbalance was not
accompanied by a corresponding increase in pipeline pressures, the confirmed leak procedure
was to be executed.

1.11.6.6 Leak and Obstruction Trigger—On Startup from SCADA Data

The leak and obstruction trigger procedure required that the control center operator
review the holding pressures on a pipeline segment if the pressure changes did not propagate
throughout a pipeline segment within a specified time (about 1 minute). If sufficient holding
pressure was maintained on the pipeline segment during shutdown, the control center operator
was to execute the procedure for a confirmed leak. If insufficient holding pressure was
maintained on a pipeline during shutdown, the control center operator was to execute the
procedure for suspected column separation.

1.11.7 Fatigue Management

Title 49 CFR 195.446(d), regarding methods to reduce the risk of control center operator
fatigue, was effective on November 30, 2009, and required procedures to be in place by
August 1, 2011, and implemented by February 1, 2012. Enbridge developed and distributed a
fatigue risk management plan that took effect on July 30, 2011. PHMSA’s regulations governing
hours of service required pipeline control center operators to receive at least 8 hours of rest
between shifts. Enbridge followed PHMSA requirements to provide operators with “off-duty
time sufficient to achieve eight hours of continuous sleep” and limited emergency coverage to
seven 12-hour shifts in succession. According to Enbridge’s control center supervisor, control

81 At Enbridge, CMT is a system that performs real-time monitoring of the oil in the pipeline. Control center
operators manually perform an accounting of the volumes of oil in the pipeline every 2 hours to check delivery
volumes and potential leaks.
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center shifts were 12 hours long, although operators worked overtime beyond those 12 hours on
occasion. Thus, a typical control center operator’s schedule began at 8:00 a.m.®? on Friday,
Saturday, and Sunday, ending at 8:00 p.m. each day, followed by Monday and Tuesday nights in
which the schedule was reversed. After 4 to 5 days off duty, the operator would then work
2 nights followed by 3 days, or 3 days followed by 2 nights, scheduled in such a way as to
preclude anyone from working without at least 24 hours of rest when alternating between night
and day shifts.

1.11.8 Enbridge Health and Safety Management System

Prior to this accident, Enbridge implemented a health and safety management system,
which primarily pertained to on-site safety. In May 2010, Enbridge created the position of
director of safety culture after three pipeline employees had been killed in two on-site accidents
in the 5 months between November 2007 and March 2008. This position, which reported to the
senior vice president of operations, was given to Enbridge’s director of construction, safety, and
services within its major project group. The focus of the program was in the areas of workplace
safety, process safety management, and contractor safety. Within these areas, the company
concentrated on five general safety areas: driving safety, confined space entry, ground
disturbance, isolation of energized systems, and reporting of safety-related incidents.

In November 2008, the company retained the services of a consultant to produce a safety
benchmarking assessment.®® The director of safety culture stated that after the Marshall accident,
Enbridge realized that safety encompassed more than workplace safety and individual safety, and
the company began to develop a better understanding of the need for process safety management
and also the need to make sure that control center operations were included within the scope of
the safety culture. There is no PHMSA requirement for pipeline operating companies to
implement safety management systems (SMS).

1.12Environmental Response

1.12.1 Volume Released

At the time of the rupture, two batches of crude oil were located in the pipeline on either
side of the rupture location. These were 2.6 million gallons of Cold Lake Blend and 2.7 million
gallons of Western Canadian Select crude oil. When Enbridge first notified the NRC about the
rupture and release, it reported that an estimated 819,000 gallons of oil had been spilled. NTSB
investigators learned that this was an inaccurate estimate based on the wrong diameter pipe.
Enbridge performed a second analysis, which included oil lost from higher elevations as well as
pumped volumes during the two startups. Based on this analysis, on November 2, 2010,
Enbridge revised its estimated release volume to 843,444 gallons. The NTSB examined flow
meter trends from the SCADA system for injected volumes of oil at Griffith Terminal during the
two Line 6B startups on July 26, 2010. Based on this examination, the NTSB determined about

82 This is expressed in eastern daylight time for the report; 8:00 a.m. eastern daylight time is 6:00 a.m. local
Edmonton time.

8 This was the second such assessment after an initial one in May 2005.
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683,436 gallons (81 percent of the total release) of crude oil were pumped into Line 6B during
the two startups. (See appendix C).

1.12.2 Hazardous Materials Information

Cold Lake Blend and Western Canadian Select crude oil condensate mixtures® are
regulated by the U.S. Department of Transportation (DOT) as class 3 flammable hazardous
materials. Heavy crude typically is a mixture of crude oil (from 50 to 70 percent) and
hydrocarbon diluent® (from 30 to 50 percent). The material contains 20 to 30 percent volatiles
by volume. The mixture is used as raw material in the production of fuels and lubricants. It is a
brown or black liquid with a hydrocarbon odor; it is lighter than water with a specific gravity of
0.65 to 0.75. It exhibits a flashpoint of -31° F. The vapor is heavier than air, with a lower
explosive limit of 0.8 percent and an upper explosive limit of 8 percent vapor concentration in
air.

1.12.3 Overview of the Oil Spill Response

During the first day of the response, the Marshall PLM responders were assisted by
contractors and regional personnel. Late on the first day of the response, the first responders
constructed an underflow dam in the wetland near the source area and installed additional oil
sorbent and containment boom in the Kalamazoo River at Heritage Park and at Linear Park in
Battle Creek, about 8.9 and 14.8 miles downstream of the rupture, respectively. On July 26,
Enbridge also deployed vacuum trucks to recover oil from the source area underflow dam, from
the Talmadge Creek stream crossings on Division Drive and 15 1/2 Mile Road, and from the
Kalamazoo River at Heritage Park. (See table 4.)

Table 4. Enbridge resources deployed as reported at midnight on July 26, 2010.

Location Resources Deployed

Leak site One underflow dam, vacuum trucks? 7 Enbridge

15 1/2 Mile Road One skimmer, 30-ft oil boom, three vacuum trucks 4 Enbridge
Division Drive Two, 50-ft oil boom, two vacuum trucks

A Drive North 50-ft oil boom, one vacuum truck 14 Enbridge
Heritage Park 600-ft oil boom, two vacuum trucks 10 Contractors (est.)

Linear Park 400-ft oil boom, one vacuum truck

 The number of vacuum trucks servicing the underflow dam was not tracked on the first day of the response, although Enbridge
reports as many as three trucks were pumping at the same time.

8 Without the addition of condensate, heavy bituminous crude oil does not flow easily.

8 Hydrocarbon diluent is a substance used to dilute a viscous or dense substance so that it will flow more
easily.
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During the first week of the response, Enbridge assigned between 29 and 36 workers
(day) and 22 to 26 workers (night) to river oil containment operations. These workers were
supplemented with as many as 356 day personnel and 160 night personnel that were employed
by private oil spill response organizations.

In the days following the accident, Enbridge and its contractors established about 33 oil
spill containment-and-control points (from the release site to the west end of Morrow Lake in
Kalamazoo County, covering about 38 miles of the river). (See figure 19.) The control points
consisted of a variety of oil containment strategies, including underflow dams, oil booming, and
sorbent booming. Vacuum trucks and oil skimmers were used to remove oil at these locations.

i Line 6B
I Affected waterways
B Unaffected waterways
@ Marshall PS
© Battle Creek, MI

. 38 miles

Figure 19. Map showing rupture location and affected waterways from Talmadge Creek to
Morrow Lake.

By July 29, the third day of operations, 51,090 feet of oil boom had been deployed and
647 field personnel were on site. On August 17, the peak deployment of 2,011 personnel
occurred. The greatest amount of oil boom deployed in the affected waterways was 176,124 feet,
which was deployed on August 20.

As of April 30, 2012, the EPA reported that over 17 million gallons of oil and water
liquid waste had been collected, from which an estimated 1.2 million gallons of oil had been
recovered by the spill response contractors. In addition, about 186,398 cubic yards of hazardous
and nonhazardous soil and debris were disposed of, including river dredge spoils.
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1.12.3.1 Notifications

The Enbridge supervisor of regional engineering initially contacted the NRC about
1:09 p.m. on July 25, 2010; however, his call was placed on hold for about 6 minutes. He called
the NRC again about 1:23 p.m. and was placed on hold before he was able to report the release
about 1:33 p.m. Between 1:47 and 1:49 p.m., the NRC notified 16 Federal and Michigan state
agencies, including the EPA, the U.S. Coast Guard (Coast Guard), PHMSA, the Michigan
Department of Environmental Quality, the Michigan Intelligence Operations Center, and the
Michigan Department of Community Health.

1.12.4 Enbridge Facility Response Plan

Each operator of an onshore pipeline, for which a response plan is required by
49 CFR 194.101, may not handle, store, or transport oil in a pipeline unless the operator has
submitted a response plan that meets the requirements of this regulation. Every 5 years, pipeline
operating companies must review, update, and resubmit facility response plans to PHMSA for
approval.

The response plan must address a worst-case discharge, identify environmentally and
economically sensitive areas, and describe the responsibilities of the operator and Federal, state,
and local agencies in removing such a discharge. 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.” Title 49 CFR 194.115(b) directs pipeline operating
companies to identify in their response plans the response resources that are available to respond
within the time-specific response tiers after discovery of a worst-case discharge, as shown in
table 5.

Table 5. Title 49 CFR 194.115 response tiers.
[ wer | we2 [ mes

High volume area 6 hours 30 hours 54 hours
All other areas 12 hours 36 hours 60 hours

The regulation does not provide guidance for determining the amount of response
resources that should be on site within the Tier 1, 2, and 3 timeframes. In the absence of
guidance, Enbridge developed its own interpretation of the three-tier requirement.

The Enbridge senior compliance specialist told NTSB investigators that Tier 1 refers to
resources that provide initial containment and recovery efforts, such as Enbridge equipment and
personnel that are available from the nearest PLM facilities. Tier 2 includes Enbridge’s internal
emergency response resources from anywhere within the Chicago region in addition to those
local contractors listed in the Enbridge emergency response directory. Tier 3 consists of oil spill
response organizations that are identified in the facility response plan. Even with Enbridge’s
definitions of the tiered resources, an Enbridge North Dakota Region supervisor of measurement,
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audit, and compliance stated that the regulation was vague and lacking in guidance for the level
of response required for each tier.

On February 23, 2005, PHMSA published a final rule establishing oil spill response
planning requirements for onshore oil pipelines in accordance with 49 CFR Part 194.% The final
rule purported to harmonize certain PHMSA requirements with related oil spill response
regulations developed by the Coast Guard. PHMSA received several comments on its interim
final rule published in 1993 expressing concern that 49 CFR 194.115 does not identify the level
of capability that PHMSA would consider sufficient within the three tiers. In the final rule,
PHMSA did not amend the response resources requirement to include specific tiered response
planning criteria.

Enbridge determined that pipeline facilities within its Chicago response zone met the
significant and substantial harm criteria outlined in 49 CFR 194.103 and developed a Chicago
Region Specific Emergency Response Plan (#867), most recently revised on April 10, 2010. The
Chicago response zone covers 11 pipelines and 3 terminal lines that transport crude oil, diluents,
and natural gas liquids within 2,108 miles of pipeline. The accident involved the approximate
worst-case discharge of 1,111,152 gallons specified in Enbridge’s facility response plan®’ for
Line 6B. The worst-case discharge is based, in part, on the maximum flow rate of the pipeline
and an assumed response time of 8 minutes, the time allotted for the control center to recognize a
leak and close the necessary valves.

Enbridge’s plan states that the company owns and maintains emergency response
equipment throughout its Chicago region at 13 office locations and strategic locations, including
the Marshall, Michigan, PLM shop. The plan lists the amounts and types of spill response
equipment maintained at each PLM station for responding to a worse-case discharge, including
the Marshall PLM. According to the plan, the single Marshall PLM inventory response trailer
(see figure 20) was packed with 1,100 feet of river containment boom; 200 feet of
small containment boom; 200 feet of sorbent boom; and 1,000 sorbent pads to respond to
the stated worst-case discharge of 1,111,152 gallons. In addition to the trailer, the PLM
shop equipment included 3 skimmers, 18 pumps, 1 storage tank, 3 boats, and a single 1,680- to
2,520-gallon-capacity vacuum truck. According to Enbridge’s interpretation of response
planning regulations, this equipment constitutes its Tier 1 response resources.

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

87 The worst-case discharge takes into account the design flow rate and the time to shut down the pipeline plus
the amount released due to the elevation profile. The Enbridge response plan identified Line 6B as having a
design capacity of 12.6 million gallons per day with an estimated time to recognize a leak and shut down valves of
8 minutes.
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Figure 20. Enbridge PLM emergency response trailer containing the company’s Tier 1 oil
containment equipment, October 17, 2010.

According to its facility response plan, Enbridge employed 112 hazardous waste
operations and emergency response-trained pipeline personnel and technicians who are available
for emergency response to oil releases in the company’s Chicago region. The plan stated that
Enbridge has working agreements with Bay West and Garner Environmental Services, Inc. to
supplement Enbridge’s resources to respond to a worst-case discharge. Bay West, based in
Minneapolis, Minnesota, is an established Coast Guard oil spill response organization that
provides 24-hour emergency spill response. Garner Environmental Services, Inc., based near
Houston, Texas, advertises that it has numerous locations and many away teams, which are
capable of providing timely response upon notification. Enbridge maintained lists of other local
contractors that may be used for emergencies in each Enbridge response zone.

When notified of the Marshall accident, Bay West assembled its available
resources, including 20 response personnel equipped with one boat and one trailer containing
spill response equipment. After a 10- to 11-hour drive, Bay West’s crews arrived on July 27.
Garner Environmental Services, Inc.’s crews arrived by Thursday, July 29.

Enbridge’s facility response plan referred to control point maps that Enbridge had
developed for use during spill response activities. The maps provided emergency responders
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with a reference to accessible locations for deploying containment boom. The two mapped
locations closest to Talmadge Creek on the Kalamazoo River were not accessible to the
responders because of the heavy rains that had increased the water levels, and a containment
boom was not deployed.

1.12.5 EPA Oversight of Spill Response Efforts

On July 26, 2010, about 1:40 p.m., an EPA official in the EPA’s Region 5 Chicago office
verified the information contained in Enbridge’s report to the NRC. About 1:51 p.m., the EPA
official contacted two other on-scene coordinators and advised them to respond to the accident to
verify the content of the NRC report and to initiate response activities as necessary. About
4:32 p.m., the first EPA on-scene coordinator arrived and saw the oil in Talmadge Creek from
the Division Drive crossing and concluded that the oil spill was significant. He observed
one vacuum truck but no oil boom on the discharge side of the culvert under Division Drive.

EPA on-scene coordinators attempted to collect information about the Enbridge response
effort but noted that the Chicago regional manager was not able to provide sufficient information
about either the company’s response actions or the amount of resources it had deployed. The
EPA response effort on July 26 consisted primarily of monitoring Enbridge's emergency
response activities.

At the end of the first day of the response, the EPA on-scene coordinators stressed that
Enbridge should make all efforts necessary to protect a Superfund® site, which extended about
80 miles from the Morrow Lake Dam to Lake Michigan to prevent comingling of the
contaminants. The EPA on-scene coordinators directed that oil boom be installed 30 miles
downstream of the rupture at Morrow Lake as a collection point. About 8:40 p.m., the senior
on-scene coordinator contacted the EPA Region 5 emergency response branch chief and
requested mobilization of an incident management team, the Superfund Technical Assessment
and Response Team,® and Emergency and Rapid Response Services® contractors.

The EPA on-scene coordinators told NTSB investigators that they determined during the
initial hours of the response that Enbridge did not have the resources on site to contain or control
the flow of oil into Talmadge Creek and the Kalamazoo River. The EPA directed Enbridge to
secure more resources for the response. Upon learning that some crews were responding from
Minnesota, an on-scene coordinator provided Enbridge the names of local contractors to
facilitate a quicker response time.

8 Superfund is the name given to the environmental program established to address abandoned hazardous
waste sites under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980. Superfund
allows the EPA to clean up sites and to compel responsible parties to perform cleanups or reimburse the government
for EPA-led cleanups.

8 The Superfund Technical Assessment and Response Team contractors provide technical support to EPA’s
site assessment and response activities, including gathering and analyzing technical information, preparing technical
reports on oil and hazardous substance investigations, and technical support for cleanup efforts.

% The Emergency and Rapid Response Services contractors provide the EPA with time-critical cleanup
services, including personnel, equipment, and materials to contain, recover, and dispose of hazardous substances.
The contract also provides for sample analyses and site restoration activities.
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About 8:15 p.m. on July 27, the Federal on-scene coordinator (FOSC)* issued an
administrative removal order to Enbridge’s chief executive officer under Section 311(c) of the
Clean Water Act (33 U.S.C. 1321(c)), requiring the company to stop the flow of oil into the
Talmadge Creek and the Kalamazoo River, to remediate all oil and contaminated soils in and
around the vicinity of the release, and to deploy appropriate oil recovery and containment
devices and equipment. The administrative order also required Enbridge to conduct other
activities such as air, water, and sediment sampling, and waste disposal at approved facilities.

1.12.6 Environmental Monitoring

1.12.6.1 Air Quality

On July 26, EPA monitored the air along the Kalamazoo River, in residential areas
bordering Talmadge Creek, and at Morrow Lake. The highest concentrations of volatile organic
compounds—organic compounds that have a high vapor pressure at normal temperatures causing
them to evaporate readily, many of which are dangerous to human health—occurred at crossings
of 15 1/2 Mile Road and A Drive North over Talmadge Creek and at the 15 Mile Road bridge
crossing over the Kalamazoo River.

Between July 27 and 29, the levels of benzene and petroleum hydrocarbons were
sufficient to require respiratory protection for the cleanup workers.

1.12.6.2 Potable Water

On July 29, the Calhoun County Health Department and the Kalamazoo County Health
and Community Services Department issued an advisory to residents with private wells within
200 feet of the Kalamazoo River and Talmadge Creek to stop using the water for drinking and
cooking.

On September 23, 2010, the EPA issued a supplemental order that required (in part) that
Enbridge sample all private and public drinking water wells located within 200 feet of all
impacted waterways and that Enbridge evaluate potential impacts to groundwater. On
October 31, 2010, Enbridge submitted its evaluation report to local health departments. After
review of the report and drinking water sampling results collected to date, the local health
departments lifted the drinking water advisory.

1.12.6.3 Surface Water and Sediment

The EPA ordered Enbridge to sample the surface water and the sediment of the impacted
areas by July 27, 2010, and continuously thereafter until notified by EPA. The waters from
Talmadge Creek and the Kalamazoo River, from the confluence point of Talmadge Creek to
Morrow Lake, were contaminated to varying degrees with petroleum-related hydrocarbons. Once
the crude oil mixture entered the water, weathering, volatility, and physical agitation caused the

%1 The FOSC is the Federal official responsible for coordinating and directing responses to discharges of oil into
waters of the United States.
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denser oil fraction to sink and incorporate into river sediments and collect on the river bottom.
As of January 2012, the Michigan Department of Environmental Quality continued to evaluate
water quality in the affected river system.

On August 1 and 3, 2010, respectively, the Kalamazoo and the Calhoun County health
departments prohibited the use of these surface waters for irrigation and the watering of
livestock. Calhoun County’s ban also applied to recreation activities, including boating,
swimming, fishing, and the agricultural use of surface waters.

The Michigan Department of Community Health advised members of the public not
to consume fish from either Talmadge Creek or the Kalamazoo River to the west end of
Morrow Lake. The Kalamazoo County Health and Community Services partially lifted the water
use ban on September 3 in response to improved water sampling test results for the portion of the
Kalamazoo River between Morrow Dam and Merrill Park.

Enbridge began collecting sediment samples on July 27 to determine the impact of the
spill on the river system. By August 2010, field personnel noticed the presence of submerged oil.
Starting in September 2010 and continuing throughout the winter, Enbridge removed the
submerged oil by dredging, excavating, and aeration. In spring 2011, an EPA-directed
reassessment found a moderate-to-heavy contamination covering over 200 acres of the river
bottom. In August 2011, the EPA directed Enbridge to remove the remaining submerged oil. On
June 21, 2012, the responding local, state, and Federal agencies announced that impacted areas
of Talmadge Creek and the Kalamazoo River, except for Morrow Lake Delta, are open for
recreational use.

1.12.7 Natural Resources and Wildlife

With the cooperation of U.S. Fish and Wildlife Service and the Michigan Department of
Natural Resources and Environment, Enbridge established a wildlife response center in Marshall
to accept and treat affected wildlife. The wildlife response center cared for and released about
3,970 animals, including about 3,650 reptiles and 196 birds. Of the 196 birds treated, 144 were
released.

The National Oceanic and Atmospheric Administration coordinated with Federal and
state agencies and Enbridge to collect data on the oil-impacted natural resources for a natural
resources damage assessment, as required by the Oil Pollution Act of 1990. The study has not yet
been completed.

1.13Previous NTSB Investigations and Studies

1.13.1 NTSB SCADA 2005 Study

In 2005, the NTSB conducted a safety study of SCADA systems for hazardous liquid
pipeline operators,* examining the design and staffing of SCADA centers and operational issues

92 Supervisory Control and Data Acquisition (SCADA) in Liquid Pipelines, Safety Study NTSB/SS-05/02
(Washington, D.C.: National Transportation Safety Board, 2005).

63



NTSB Pipeline Accident Report

such as SCADA screen graphics, alarm design, fatigue management, controller training and
selection, and CPM (leak detection). The study examined the role of SCADA systems in
13 hazardous liquid line accidents investigated between 1992 and 2004. In 10 of the accidents
cited by the study, there was a delay in leak recognition by the control center operators. The
NTSB issued a report on November 29, 2005, with five recommendations to PHMSA, which
included that PHMSA require use of API’s RP 1165 for SCADA graphics, pipeline operators
review/audit SCADA alarms, that control center operators receive simulator or noncomputerized
abnormal operating condition training, that liquid pipeline operators report fatigue information
on the PHMSA accident report form and that all pipeline operators install computer based leak
detection systems. The 2005 NTSB report concluded that the use of a leak detection technology
would enhance the control center operator’s “ability to detect large spills, increase the likelihood
of spill detection, and reduce the response time to large spills.” Partially in response to the study,
Public Law 109-468, the Pipeline Inspection, Protection, Enforcement and Safety (PIPES) Act of
2006, was enacted on December 29, 2006. To conform to these recommendations and the
requirements of the PIPES Act, PHMSA created the control center management rule contained in
49 CFR Parts 192 and 195. As a result, the NTSB closed the recommendations and classified
them, “Closed—Acceptable Action.”

1.13.2 NTSB 2010 Pipeline Investigation of Pacific Gas and Electric Company

On September 9, 2010, a gas pipeline in San Bruno, California,®® operated by the
Pacific Gas and Electric Company (PG&E), ruptured. Eight people were Killed, 10 were injured
seriously, 48 people sustained minor injuries, and 38 houses were destroyed. In its investigation
of this accident, the NTSB identified a lack of team performance within PG&E’s SCADA
operations center after the rupture. The report noted,

...that the lack of assigned roles and responsibilities resulted in SCADA staff not
allocating their time and attention in the most effective manner. ...The lack of a
centralized command structure was also evident in that key information was not
disseminated in a reliable manner. ... The lack of a centralized command structure
was also reflected in the conflicting instructions regarding whether to remotely
close valves at the Martin Station. ...Finally, the supervising engineer for the
SCADA controls group seemed slow to get involved, despite the fact that he is
responsible for all SCADA and control systems throughout the PG&E gas
transmission pipeline system. ...In summary, PG&E’s response to the Line 132
break lacked a command structure with defined leadership and support
responsibilities within the SCADA center. Execution of the PG&E emergency
plan resulted in delays that could have been avoided by better utilizing the
SCADA center’s capability.

% pacific Gas and Electric Company Natural Gas Transmission Pipeline Rupture and Fire, San Bruno,
California, September 9, 2010, Pipeline Accident Report NTSB/PAR-11/01 (Washington, D.C.: National
Transportation Safety Board, 2011).
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1.13.3 Carmichael, Mississippi

In its report of a pipeline rupture, liquid propane release, and fire near Carmichael,
Mississippi, on November 1, 2007,% the NTSB noted that although an operator’s PAP plan may
meet APl RP 1162 requirements and Federal pipeline standards, compliance is not a guarantee
that implementation is effective or that the operator is exercising adequate oversight. The NTSB
made the following recommendation to PHMSA:

Initiate a program to evaluate pipeline operators’ public education programs,
including pipeline operators’ self-evaluations of the effectiveness of their public
education programs. Provide the National Transportation Safety Board with a
timeline for implementation and completion of this evaluation. (P-09-3)

In response to this recommendation, PHMSA expanded its state and Federal inspection
programs to include a review of operators’ effectiveness evaluations, and developed detailed
inspection guidance for pipeline safety inspectors. These inspections are currently ongoing and
focus on how operators evaluate their PAPs for effectiveness, the results of the evaluations, how
the results were documented, and what improvements were identified and implemented. The
NTSB classified this safety recommendation “Closed—Acceptable Action.”

1.14Postaccident Actions

1.14.1 PHMSA Corrective Action Order

On July 28, 2010, PHMSA issued a corrective action order (CAO) requiring Enbridge to
ensure the safety of Line 6B before authorizing its return to service. The CAO required Enbridge
to submit a return to service plan, including procedures for repairs and monitoring the pipeline if
service were resumed. It also required Enbridge to submit an integrity verification plan that
includes a comprehensive review of the operating history of Line 6B, further inspections, testing,
and repairs within and beyond the immediate rupture area.

On August 9, 2010, Enbridge submitted its response to the CAO and its proposed restart
plan. On August 10, 2010, after reviewing the response and the restart plan, PHMSA stated that
“(the plan) does not contain sufficient technical details or adequate steps to permit a conclusion
that no immediate threats are present elsewhere on the line that require repair prior to any restart
of a pipeline, even at a further reduced pressure.” PHMSA refused to approve any Enbridge
restart plan that did not include a minimum of four investigative excavations and a hydrostatic
pressure test. Enbridge completed the investigative excavations and successfully pressure tested
a portion of Line 6B that included the rupture site on August 30, 2010. After reviewing the
Enbridge integrity verification results and the proposed restart plan, PHMSA issued an
amendment to the CAO on September 17, 2010, establishing expectations for repair of known
defects and the collection of additional integrity data. Enbridge revised its restart plan again and
resubmitted it on September 21. PHMSA approved the revised restart plan 2 days later on

94 Rupture of Hazardous Liquid Pipeline With Release and Ignition of Propane, Carmichael, Mississippi,
November 1, 2007, Pipeline Accident Report NTSB/PAR-09/01 (Washington, D.C.: National Transportation Safety
Board, 2009).
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September 22 and authorized a staged restart of Line 6B at a reduced MOP, beginning
September 27, 2010.

1.14.2 PHMSA'’s Notice of Probable Violation

On July 2, 2012, PHMSA issued a Notice of Probable Violation (NOPV) to Enbridge
citing 24 violations and a total preliminary civil penalty of nearly $3.7 million. Enbridge is
required to respond to the NOPV within 30 days of receipt. The violations contained in the
NOPV include the following:

e Four violations of 49 CFR 195.452 (integrity management rule) including discovery
of condition, risk analysis related to pipeline segments in an HCA, and the integration
of all threats during integrity assessments of the pipeline.

e Three violations of 49 CFR 195.401 related to the failure to stop the pipeline when
the Edmonton control center received the alarms during the shutdown and the two
startups that were indicative of a condition affecting safe operation.

e Eleven violations of 49 CFR 195.402 related to the failure of the Edmonton control
center to follow established procedures during the shutdown and startup of Line 6B.

e One violation of 49 CFR 195.440 related to the Enbridge public awareness program
effectiveness.

e Two violations of 49 CFR 195.52 related to the timeliness and accuracy of
information in the early notifications made by Enbridge to the NRC.

e Two violations of 49 CFR 195.54 related to the timeliness and accuracy of
information submitted to the DOT.

e One violation of 49 CFR 195.505 related to the operation of Line 6B by operator Al,
an unqualified individual. (Operator Al was a trainee who had just returned after
being on sick leave for 6 months).

1.14.3 Enbridge Actions

1.14.3.1 Line 6B Replacement Projects

Since the Marshall accident, Enbridge has announced two replacement projects,
identified as phase 1% and phase 2,% that combined will replace the entire 285 miles of Line 6B
in the United States. The phase 1 replacement project, announced in May 2011, replaces 75 miles
of noncontiguous segments of Line 6B located in Michigan and Indiana. Enbridge expects to
complete phase 1 by 2013.

% Enbridge Phase 1 Line 6B Replacement Project, State of Michigan, The Michigan Public Service
Commission Case No. U-16856 (August 26, 2011) and U-16838 (August 12, 2011).

% Enbridge Phase 2 Line 6B Replacement Project, State of Michigan, The Michigan Public Service
Commission; Case No. U17020.
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The application for phase 2 of the Line 6B replacement was filed on Monday,
April 16, 2012, with the Michigan Public Service Commission to replace another 160 miles of
Line 6B in Michigan and 60 miles of Line 6B in Indiana. The phase 2 request included
increasing the diameter of 110 miles of existing 30-inch-diameter pipeline to 36-inch-diameter
pipeline between Griffith and Stockbridge to boost the capacity of the line. The remaining
50 miles of pipe would be replaced with 30-inch-diameter pipe between Ortonville and the
St. Clair River in Marysville, Michigan.

In the 2012 filing to the Michigan Public Service Commission, Enbridge stated the
following:

Enbridge’s decision to replace these segments minimizes the amount and
frequency of future maintenance activities. While ongoing integrity inspections,
testing and maintenance achieve required safety standards, replacement for the
remaining Line 6B segments is the more cost-effective option to meet the current
and future capacity requirements of its shippers.

1.14.3.2 Enbridge Operator Training

Following the Marshall accident, Enbridge increased the number of emergency response
simulator sessions that operators took from one per year to two per year. Students also
participated in two additional training sessions annually: one on human factors, which included
fatigue, and one on hydraulics. The additional human factors training was administered in
response to PHMSA'’s new rules addressing control center management.

1.14.3.3 Integrity Management

Enbridge issued new procedures following the accident in the areas of integrity
management and control center operations. Enbridge now requires engineering assessments of
cracks to use the smaller of either the nominal wall thickness or the prior measured wall
thickness from in-line inspections. Enbridge also adopted a method of analyzing SCC features
independently of fatigue by examining the strain rate of the crack. Pipeline excavation and
inspection criteria have also been changed so that inspection features identified as crack-field are
excavated if the longest indication measures 2.5 inches. Enbridge now includes the tool error,
derived from excavation data, in the calculations of failure pressure and fatigue life and inspects
overlays to examine overlap between corrosion and cracking. Enbridge also has implemented an
excavation program that ensures a statistically significant number of excavations will occur,
which establishes a confidence interval based on the tool’s results and verifies that the tool bias
numbers are reliable.

1.14.3.4 Enbridge Control Center

Enbridge added two technical specialists, who have previous control center experience, to
the control center to assist operators when required. Before the Marshall accident, Enbridge had
planned to move its control center to a new location. The new center was completed in
December 2011, and its control center operations moved to the center at that time.
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Oversight of the control center was transferred from the vice president, customer service
to senior vice president, operations. A new vice president, pipeline control and a new director,
control center were selected. The control center operations were divided into a terminal side and
a pipeline side with technical specialists added to each. The specialists support the shift lead and
the operator in technical issues. The three operators and the two shift leads involved in the
accident were temporarily reassigned to positions outside of the control center. The two shift A
operators retired from the company: one in September 2011 and the other in November 2011.

All operators, shift leads, and MBS analysts were provided additional technical training
on hydraulics, control center roles and responsibilities, procedure compliance, column separation
analysis, and the 10-minute operational limit. MBS analysts were required to note to shift leads,
operators, and on-call supervisors, in response to an MBS alarm, only whether the alarm was
valid or not. Operators were annually given an additional simulated emergency scenario and
human factors training on fatigue (a PHMSA requirement that was independent of this accident)
and on lessons learned from previous accidents. Procedures governing the documentation of
information to be communicated during shift changes were developed and implemented.

Enbridge reemphasized the rule that requires an operator to shut down a line after
10 minutes if a problem remains unresolved. Operators and supervisors were prohibited from
overriding approved control-room procedures. On-call procedures were revised to make
available additional personnel—including the control center director and the senior vice
president—when control center staff needed assistance. These on-call individuals were given
(1) specific procedures to follow and (2) questions to be asked in particular circumstances.

Enbridge has also stated that additional flow meters have been installed on Line 6B
increasing the number of segments that are calculated within the MBS system and increasing its
accuracy.

1.15Federal Oversight

1.15.1 Canadian and U.S. Regulation

Enbridge operates pipelines in both Canada and the United States from its Edmonton,
Alberta, Canada, operations center. Hazardous liquid pipelines in the United States are subject to
U.S. oversight by PHMSA, and those in Canada are subject to Canadian oversight by the NEB.
Pipelines that originated in Canada and terminated in the United States were subject to the
requirements of both PHMSA and the NEB. PHMSA and NEB currently operate under a
memorandum of understanding signed in 2005 that outlines when notifications are to be made
between agencies with respect to enforcement and inspections.

According to Enbridge’s manager, United States/Canadian compliance, Enbridge did not
find conflicts in meeting the requirements of the two regulators. Rather, where reporting
requirements of the two regulators were different, the company either met the requirements of
the applicable regulator or those of the regulator with more rigorous standards.

68



NTSB Pipeline Accident Report

1.15.2 Enbridge 2010 Long-Term Pressure Reduction Notification

On July 15, 2010, Enbridge filed a notification with PHMSA regarding
pressure restrictions on Line 6B that would exceed the 365 days allowed under
49 CFR 195.452(h)(1)(ii).”” Beginning in February 2004, Enbridge had PIl conduct an in-line
corrosion inspection of Line 6B, from the Griffith PS to the Sarnia Terminal. The inspection was
performed using an ultrasonic USWM tool and the results showed some areas with echo-loss
readings near pitting corrosion.®® To ascertain the depth in these areas of echo loss, a second
inspection was conducted on October 13, 2007, using an MFL in-line inspection technology that
was not subject to echo-loss. Enbridge originally requested that the 2007 data be overlaid with
the 2004 inspection data.

In July 2008, because of difficulties in trying to overlay the two sets of data from the
2004 and 2007 inspections, Enbridge instructed PII to treat the more recent in-line inspection
(2007 MFL) as a standalone report. PII issued its initial standalone report in November 2008.
This initial report contained an equipment error® that affected the sizing and the location of
some features in the pipeline. P1l issued a revised report in May 2009 that corrected the errors in
feature sizing. However, the errors had occurred more than halfway along Line 6B; therefore, the
data collected in the first half of the inspection was unaffected.

By July 17, 2009, Enbridge identified 114 corrosion features (downstream of the ruptured
segment) from the 2007 inspection that required self-imposed pressure restrictions to maintain
the pipeline integrity. Under the regulations, a pipeline operator may impose pressure restrictions
on its pipeline as a temporary remediation measure to integrity defects for up to 365 days.

In its filing to PHMSA in 2010, Enbridge referred to the July 17, 2009, date as the
“discovery of condition” date. Under 49 CFR 195.452 (h)(2)'® a “discovery of condition” must
be made within 180 days following an integrity assessment; Enbridge noted that the 180 days
expired on April 10, 2008. Enbridge’s July 17, 2009, “discovery of condition” date was 463 days
past the 180 days allowed under the regulations and 643 days past the date that the in-line
inspection was originally conducted.

1.15.3 PHMSA Inspections

PHMSA regulates the transportation of hazardous liquids and gases by pipeline in
the United States. PHMSA conducted an Integrity Management Segment Identification and
Completeness Check of Enbridge’s integrity management program from February 26 to 27, 2002. The

% Title 49 CFR 195.452(h)(1)(ii), Long term pressure reduction, states that “When a pressure reduction exceeds
365 days, the operator must notify PHMSA in accordance with paragraph (m) of this section and explain the reasons
for the delay. An operator must also take further remedial action to ensure the safety of the pipeline.”

% Pitting corrosion is a form of localized corrosion that generates small holes in the external surface of the pipe.

% This was reported as an error due to slippage of the odometer wheel installed on the tool, which is
responsible for recording the start and end of the defect when detected by the sensors.

100 . o . . o
Discovery of a condition occurs when an operator has adequate information about the condition to
determine that the condition presents a potential threat to the integrity of the pipeline. An operator must promptly,
but no later than 180 days after an integrity assessment, obtain sufficient information about a condition to make that
determination, unless the operator can demonstrate that the 180-day period is impracticable.
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audit found deficiencies in the process Enbridge was using to identify segments that could affect
HCAs. PHMSA issued a notice of amendment to Enbridge on May 15, 2002. In its final
response, dated September 3, 2002, Enbridge agreed to modify its segment identification plan.

From May 12 to June 2, 2003, PHMSA inspected Enbridge’s integrity management plan.
After the inspection on December 21, PHMSA issued a NOPV, Warning Letter, Notice of
Amendment, and Letter of Concern, identifying 14 separate issues that included 3 probable
violations, 5 procedural issues, and 6 areas of concerns. The 3 probable violations were changed
to “Warning Letter” by PHMSA because no civil penalty or compliance order was proposed.
One violation involved the Plummer to the Clearbrook pipeline section of Line 4. The discovery
of several anomalies was made within 180 days of completion of in-line inspection of the
pipeline, but these anomalies were erroneously classified as “previously repaired” and were
excluded from the remediation plan. In another violation, PHMSA stated,

Enbridge’s information analysis procedures did not adequately consider data from
other inspections and tests. Also, the process of evaluation of each pipeline
segment by analyzing all available data was insufficient to gain a complete
understanding of pipeline integrity (195.452(f)(3)(9)(3)).

Enbridge responded on January 28, 2005. Enbridge’s response stated that for all hazards
(external corrosion, internal corrosion, SCC, weld cracking, mechanical damage), specific defect
analysis is conducted. Based on Enbridge’s response, PHMSA ultimately closed the file on
March 20, 2007. PHMSA conducted a second comprehensive integrity management program
review of Enbridge during the weeks of June 12 and June 26, 2006. The detailed protocol
inspection format was utilized to review Enbridge’s processes for the following:

. Integrating information from all relevant sources to understand
location-specific risks for these segments...

. Identifying and implementing remedial actions for anomalies and defects
identified during integrity assessments...

. Performing periodic evaluations and on-going assessments of pipeline
integrity; and

. Evaluating Integrity Management performance.

A summary report was prepared by PHMSA at the conclusion of the inspection
identifying 13 recommendations concerning Enbridge’s integrity management plan. Concerning
a continual process of evaluation and assessment, PHMSA noted during the inspection that

The lack of a periodic evaluation process was indicative of the Enbridge approach
to integrity management, where the pigging/[pipeline integrity management]
activities are largely done separate from risk assessment activities. Utilization of
available information/risk analysis information appears to be limited to the
evaluation of certain additional [preventive and maintenance] measures and is not
well integrated with key integrity/assessment decisions. In effect, Enbridge
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[integrity management]-related groups operate semi-independently, and it is not
clear that overall integration of knowledge and data is occurring on a consistent
basis.

1.15.4 Pipeline Safety, Regulatory Certainty, and Job Creation Act of 2011

On January 3, 2012, pipeline safety legislation was signed into law by the President,
Public Law 112-90. The new law contains provisions related to public awareness, response
plans, leak detection, and the transportation of diluted bitumen.

Under section 6(a) of the law, PHMSA has 1 year to do the following:

...develop and implement a program promoting greater awareness of the
existence of the National Pipeline Mapping System to State and local emergency
responders and other interested parties. The program shall include guidance on
how to use the National Pipeline Mapping System to locate pipelines in
communities and local jurisdictions.

Section 8(a) of the statute also requires that PHMSA make the response plans filed by pipeline
operators available to the public upon written request.

This law also addresses leak detection systems of pipeline operators and requires that
PHMSA study the “technical limitations” of current systems and how to foster the development
of better technologies and incorporate the requirements of these systems into the Federal code if
feasible. PHMSA is also required to perform a study of the transportation of diluted bitumen to
determine whether the existing regulations are sufficient to protect pipelines that transport these
products. Line 6B transports diluted bitumen crude oil extracted from the Alberta oil sands.

1.15.5 National Energy Board

The NEB is an independent regulatory agency of the Government of Canada charged
with overseeing international and interprovincial aspects of the oil, gas, and electric utility
industries. Based in Calgary, Alberta, Canada, the NEB regulates the construction and operation
of oil and natural gas pipelines crossing provincial or international borders. Because segments of
the pipeline infrastructure in Canada and the United States are interconnected, PHMSA and the
NEB entered into an agreement on November 22, 2005, to improve pipeline safety and enhance
cooperation.'®* The NEB completed an inspection of Enbridge on July 18, 2008; it identified the
following issues.

The NEB stated that because Enbridge’s integrity management program encompassed
multiple departments (for example, integrity management, engineering, and risk management)
with interconnected areas of responsibility, Enbridge should create a structured management
program and implement a formal documentation process across the organization.

101 Because Enbridge’s pipelines extend into the United States, they are subject to PHMSA’s regulations.

71



NTSB Pipeline Accident Report

The NEB further stated that Enbridge’s integrity management program needed a hazard
and threat identification assessment process that considers fatigue-dependent cracking, among
other threats. The NEB noted the following:

The assessment process and data for determining the crack and corrosion in-line
inspection frequency required improvement to prevent failures from reoccurring.
Ongoing evaluation of the effectiveness of the crack management plan is required
such that [in-line inspection] frequency can be reliable. a) [In-line inspection]
Accuracy of crack detection and sizing; b) Validity of Crack Growth Modeling in
regards to input data (i.e. material properties and growth coefficients)
and ongoing field verification of assumptions; and c) Determination of the
crack—susceptible pipelines accounting for the level of identified data
uncertainty (i.e. unknown and non-reliable input data) and continuous validation
by field investigation.

Similar to PHMSA'’s findings, the NEB also noted that Enbridge’s departments were not
well integrated, particularly when performing risk assessments. The NEB found that:

Validation of the corrosion assessment interval results and the evaluation of their
influence in the external corrosion mitigation and monitoring programs are
required. Similarly, validation of crack detection [in-line inspection] performance,
crack growth modeling, re-inspection frequency, susceptibility to cracking of
Enbridge’s pipeline segments, and the evaluation of their influence in the crack
mitigation and monitoring programs are also required.

During its inspection, the NEB discovered that each of Enbridge’s departments
was independently assessing coincidental features. The NEB stated that for Enbridge’s
integrity management program to be effective—that is, to identify, monitor, assess, and mitigate
threats—all departments should be participating in an integrated integrity management process.
Enbridge submitted its corrective action plan to the NEB on February 2, 20009.

1.15.6 PHMSA Inspection of Enbridge’s PAP

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

In July 2011, PHMSA conducted an inspection of Enbridge’s May 2011 PAP. PHMSA’s
inspection report noted the following two findings:

Enbridge’s PAP does not have a written implementation review process that
clearly identifies both supplemental and overall PAP implementation.

Enbridge does not have a process in the PAP that outlines a consistent format and
methodology for evaluating program outreach, understandability of message
content, desired stakeholder behavior, and bottom-line results.
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1.15.7 PHMSA Facility Response Plan Review and Approval

PHMSA had reviewed and approved Enbridge’s facility response plan before the
accident. The EPA consulted the plan during the initial phase of the response to the Marshall
accident to gain an understanding of Enbridge’s response resources and planning. The EPA
noted that the plan did not have information specific to spill response at any particular location.
As of the date of this report, PHMSA has not performed a postaccident review of the facility
response plan. PHMSA told NTSB investigators that it will review the lessons learned from the
Marshall accident either when Enbridge renews its facility response plan in 2015 or when
Enbridge amends its facility response plan, whichever Enbridge completes first.

PHMSA’s plan review process was supposed to emphasize the adequacy of the pipeline
operator’s response resources, incident command system, and ability to protect environmentally
sensitive areas. PHMSA'’s environmental planning officer told NTSB investigators that these
plans are assessed based on the reviewer’s professional experience and judgment.

PHMSA also required plan holders to respond to a 16-element self-assessment
questionnaire. On April 1, 2010, Enbridge submitted its responses and affirmed the adequacy of
the following elements:

e Whether the facility response plan identifies enough spill containment equipment and
recovery capacity to respond to a worst-case discharge to the maximum extent
practicable;

e If the facility response plan identifies spill recovery strategies appropriate for the
response zones;

e If planned spill recovery activities can be accomplished within the appropriate tier
times;

e Whether the plan identifies enough trained personnel to respond to a worst-case
discharge.

PHMSA’s environmental planning officer reviewed the facility response plan and
questionnaire without requesting supplemental information. On April 15, 2010, the
environmental planning officer notified Enbridge that its facility response plan had been
approved. PHMSA’s correspondence to Enbridge did not cite any deficiencies in the plan.

Following the Marshall accident, PHMSA asked the DOT Volpe National Transportation
Systems Center (Volpe) to identify the processes used by four Federal agencies responsible for
reviewing facility plans that are required under the Oil Pollution Act of 1990. According to
Volpe’s draft report, at the time of the accident, PHMSA had 1.5 employees to oversee about
450 facility response plans. Until June 2010, one PHMSA environmental planning officer
reviewed and approved facility response plans.

Currently, authority to review and approve facility response plans is assigned to a
division director. PHMSA reported that another full-time employee has been assigned to oversee
spill response plans since the data were collected for Volpe’s draft report. In contrast, Volpe’s
draft report stated that EPA Region 6 had 2 employees, 3 contractors, and 22 on-scene
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coordinators'® to review 1,700 facility response plans. The Coast Guard Sector Boston oversees

45 facility response plans with a staff of 4 inspectors and 3 to 4 trainees.

Volpe’s draft report stated that PHMSA does not perform on-site audits or unannounced
drills for operators who submit facility response plans for approval. Both the Coast Guard and
the EPA conduct on-site audits and plan reviews after initial review and approval of the
submitted plan. In addition, both the Coast Guard and the EPA conduct announced and
unannounced exercises to test the effectiveness of plans. Although the Coast Guard and the EPA
report to their headquarters offices on the number of plans, noncompliances, and inspections
conducted, PHMSA has not currently implemented performance metrics for its facility response
plan program. Table 6 provides key findings of the Volpe draft report, contrasting PHMSA’s
plan review process with those of the other Federal agencies that are responsible for response
plan review.

Table 6. Volpe’s comparative study of response plan review.

Yes

Centralized
. Yes No
collection of plans vessel response plan

Regional collection
of plans

Information system No Yes Ve
support

3,000 vessel response plans and

No Yes Yes

500 for Region 5

Number of plans 450 1,500 for Region 6 hundreds of facility response plans (fixed
and mobile)
21 in headquarters
m%gql?/z:ﬁ;mg; 15 35 in Region 5 (18 for vessel response plan;
P : 5 in Region 6 3 for facility response plan) and

review

hundreds in the field

Completeness A Yes Yes Yes
review conducted
Secpnd level . No Yes Yes
review conducted

Unannounced or
announced drills
or exercises to
verify plans

No Yes Yes

@ Completeness review involves the staff member using a checklist to ensure all required elements of the plan are present.

® A second level review is conducted by a more senior level staff member prior to submitting a recommendation for approval to the
approving authority.

102 The on-scene coordinator can be delegated to authorize plans as needed based upon workload.
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PHMSA’s director of emergency support and security reported that in its 2012 budget
request, PHMSA requested eight additional personnel and over $1 million to enhance its field
oil-related activities. However, those resources were not approved in the final budget. He
reported that PHMSA is developing plans to increase oil-related activities in its field program.

1.15.8 PHMSA Facility Response Plan Advisory Bulletin

On June 23, 2010, PHMSA issued Advisory Bulletin PHMSA-2010-0175, in light of the
Deepwater Horizon oil spill in the Gulf of Mexico,'® advising pipeline facility response plan
holders to review and update their plans within 30 days to ensure that adequate resources were
available to comply with emergency response requirements to address a worst-case discharge.
The bulletin noted that the response to the Deepwater Horizon spill had resulted in the relocation
of oil spill response resources. The Enbridge senior emergency response engineer responded to
the advisory bulletin on July 21, 2010, by stating that Enbridge had assessed its emergency
preparedness in relation to a worst-case discharge for each of its response zones. He reported that
two oil spill response organizations—Bay West and Garner Environmental Services, Inc.—have
confirmed their ability to deploy appropriate spill response resources in the response zones. He
further responded:

In relation to the Advisory Bulletin, we have reassessed our facility response plan
and concluded that our plan is complete, complies with 49 CFR Part 194, and is
appropriate for responding to a worst case discharge in our Chicago Region
Response Zone.

1.15.9 Response Preparedness

The National Preparedness for Response Exercise Program (PREP), a unified Federal
effort to satisfy the exercise requirements of the Coast Guard, the EPA, PHMSA, and the
U.S. Department of the Interior’s Minerals Management Service,'® was developed to establish a
spill response exercise program in accordance with the Oil Pollution Act of 1990. PREP became
effective on January 1, 1994. PHMSA requires an operator to satisfy the requirement for a
drill program by following the PREP Guidelines. PREP requirements for onshore
transportation-related pipelines require facility response plan holders to participate in both
internal (facility-specific) and external (area-specific) exercises.

Section 5 of the PREP Guidelines provides for unannounced government-initiated
exercises to test plan holder’s ability to respond to a worst-case discharge event. These full-scale
exercises, which are used to evaluate a plan holder’s operational capability, involve all levels of
the organization and all aspects of a response operation. Plan holders are not required to

103 . . . . . .

Deepwater Horizon was an ultra-deepwater semi-submersible offshore oil drilling rig located in the

Gulf of Mexico about 250 miles southeast of Houston, Texas. On April 20, 2010, while drilling, an explosion on the

rig killed 11 crewmembers and ignited a fire. By April 22, the rig sank, leaving the well gushing oil at the seabed,

resulting in the largest offshore oil spill in U.S. history, with an estimated release of 172.2 to 205.8 million gallons
of crude oil.

194 on October 1, 2011, the Minerals Management Service was succeeded by the Bureau of Safety and

Environmental Enforcement.

(/]



NTSB Pipeline Accident Report

participate in unannounced exercises if they have already participated in one during the previous
36 months. Although PHMSA recently has not been conducting unannounced
government-initiated exercises, it has committed to conducting not more than 20 per year on the
regulated pipeline industry. Records indicate that since 2005, PHMSA has participated in only
one exercise per year and has not hosted any exercises specific to pipeline facilities.

The PREP Guidelines identify 16 facility response plan core components that should be
exercised at least once during each triennial cycle. These core components relate to areas such as
notifications, mobilization of resources, response management, and the ability to contain and
recover a discharge. According to the PREP Guidelines, PHMSA is responsible for verifying
internal exercises and for conducting and certifying external exercises conducted by the operator
and other Federal agencies.

During the 10-year period from 2002 to 2011, PHMSA participated in 26 drills and
exercises. Enbridge participated in the September 24, 2003, exercise in Sault Ste. Marie,
Michigan, which was led by the Coast Guard and PHMSA, and in the March 10-11, 2004,
exercise in Cushing, Oklahoma, led by the Federal Bureau of Investigation, PHMSA, and more
than 20 Federal, state, and local government agencies. PHMSA'’s environmental planning officer
told NTSB investigators that Enbridge successfully completed both exercises. Key Enbridge
personnel who participated as initial responders to the Marshall accident reported that they have
continued to receive annual boat-handling and oil-boom deployment training for creeks and
rivers. Several responders had previous experience with much smaller oil spills. None of the
Enbridge first responders reported having had experience responding to an oil spill of this
magnitude or having had previous training for oil spills in high water and swift moving creeks.
The Enbridge response personnel also told NTSB investigators that they had no experience
constructing underflow dam oil-containment structures, although some were aware of the
technique.

1.15.10 PHMSA Control Center Management

PHMSA promulgated the control center management rule in 2009 in response to
recommendations generated as part of the NTSB 2005 SCADA study and to fulfill the
requirements of the PIPES Act of 2006, Public Law 109-468, which was enacted on
December 29, 2006. Section 12(a) of the statute, concerning pipeline control center management,
required the U.S. Secretary of Transportation to do the following:

(a) Issue regulations requiring each operator of a gas or hazardous liquid pipeline
to develop, implement, and submit to the Secretary...a human factors
management plan designed to reduce risks associated with human factors,
including fatigue, in each control center for the pipeline. Each plan must include,
among the measures to reduce such risks, a maximum limit on the hours of
service established by the operator for individuals employed as controllers in a
control center for the pipeline.

Further, section 19 of the act, “Standards,” called on the Secretary of Transportation,
no later than June 1, 2008, to implement actions corresponding to those called for in
Safety Recommendations P-05-1, -2, and -5.
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Require operators of hazardous liquid pipelines to follow the American Petroleum
Institute’s Recommended Practice 1165 for the use of graphics on the Supervisory
Control and Data Acquisition screens. (P-05-1)

Require pipeline companies to have a policy for the review/audit of alarms.
(P-05-2)

Require operators to install computer-based leak detection systems on all lines
unless engineering analysis determines that such a system is not necessary.
(P-05-5)

PHMSA modified existing gas and liquid pipeline regulations contained in 49 CFR 192
and 195 to address the requirements of P-05-1 and -2 and both recommendations were classified
“Closed—Acceptable Action” on April 28, 2010. PHMSA'’s rule modifications, which took
effect on February 1, 2011, were similar for liquid and gas pipelines and required pipeline
operators to comply with the requirements by August 1, 2011. The modified regulations
pertaining to liquid pipelines were incorporated into 49 CFR 195.446, “Control Room
Management.”

Safety Recommendation P-05-5 was classified “Closed—Acceptable Alternate Action”
on May 6, 2010, based on PHMSA'’s integrity management requirements to detect and repair
leaks through defect repair prioritization, risk based assessment, repair prioritization of defects
by environmental consequence, corrosion management, right-of-way surveillance, public
awareness leading to citizen identifications of leaks, emergency preparedness and lessons learned
from accident analysis. In addition, PHMSA issued Advisory Bulletin ADB-10-01 informing
pipeline operating companies of PHMSA’s expectations regarding pipeline leak detection
systems. Operators must justify the reasons for not having a leak detection system, and if leak
detection systems are not in place, operators must perform hourly balances by hand.

According to PHMSA’s Central Region supervisor of accident investigations, its
representatives met with DOT personnel involved in overseeing aviation and rail operations, the
Coast Guard, and the Nuclear Regulatory Commission between 2004 and 2007, which was
before PHMSA developed control room management rules. These meetings were conducted to
learn about the best practices in the oversight by Federal regulators from the perspective of the
regulators. The meetings also included the Federal Aviation Administration’s (FAA) Civil
Aerospace Medical Institute to review human factors oversight issues. This was done to assist
PHMSA in the development of its new control room regulations.

In addition to its regulations, PHMSA issued several advisory bulletins governing control
rooms and SCADA systems. Advisory Bulletin 04-05, issued on November 26, 2006, explained
the parts of 49 CFR 192 and 195 that required gas and liquid pipeline operating companies to
establish and maintain operator qualification programs. The advisory bulletin advised pipeline
operating companies to include periodic requalification for operators at intervals that “reflect the
relevant factors including the complexity, criticality, and frequency of the performance of the
task.”
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Advisory Bulletin 05-06 responded to NTSB Safety Recommendation P-98-30, which
called upon PHMSA’s predecessor agency to “assess the potential safety risks associated with
rotating pipeline controller shifts and establish industry guidelines for the development and
implementation of pipeline controller work schedules that reduce the likelihood of accidents
attributable to controller fatigue.”

1.16 Other Information

1.16.1 Oil Spill Response Methods

Effective oil spill removal strategies largely depend on the crude oil mixture’s density
and its tendency to float or sink in fresh water. Once the crude oil mixture (oil and diluents)
enters the environment, weather factors, volatility, and physical agitation affect the composition,
thus allowing some of the oil to sink into river sediments and collect on the river bottom.

The most effective response methods to control the environmental consequences of an oil
spill vary according to the specific spill conditions (that is, the type and amount of oil, weather
and site conditions, and the effectiveness of the response strategies). The time required to bring
needed resources and personnel to the scene is also critical to an effective response. Response
actions are most viable and effective very early during a response. When the oil is concentrated
near the discharge source, focusing on source control, containment, and removal near the source
provides the best opportunity to reduce adverse environmental impact.*®

Although Talmadge Creek flow data were not available for the day of the accident,
Enbridge first responders told NTSB investigators that the water flow was faster than they had
previously seen. Coast Guard research indicates that controlling and recovering oil spills in fast
moving water (above 1 knot) is difficult because oil flows under booms and skimmers in swift
current, thus necessitating quicker and more efficient responses.'® In a stream with a flow rate
greater than 10 cubic feet per second, the Coast Guard recommends the use of underflow dams,
overflow dams, sorbent barriers, or a combination of these techniques instead of deploying oil
containment boom.

Underflow dams can be erected in shallow rivers and culverts using hand tools or heavy
machinery. Pipes are used to form an underflow dam, which allows water to pass, while retaining
oil. On the day the release was discovered, Enbridge first responders used surplus pipe and an
excavator at the Marshall PLM shop to construct an earthen underflow dam. Underflow dams
also can be installed quickly at culverts by using sheets of plywood or another suitable barrier to
prevent floating oil from escaping downstream.

On July 26, Enbridge responders installed skirted oil boom and sorbent boom across the
corrugated pipe culvert under Division Drive. (See figure 21.) When asked to identify lessons

195 Characteristics of Response Strategies: A Guide for Spill Response Planning in Marine Environments
(American Petroleum Institute, National Oceanic and Atmospheric Administration, U.S. Coast Guard, and
U.S. Environmental Protection Agency joint publication, June 2010).

106 ) Spill Response in Fast Moving Currents, a Field Guide (Groton, Connecticut: U.S. Coast Guard

Research and Development Center, October 2001).

78



NTSB Pipeline Accident Report

learned from the response, the Bay City PLM supervisor told NTSB investigators that, in the
future, he would ensure that sheets of plywood are included in Enbridge’s boom trailers so that
adjustable underflow dams can be constructed over culvert pipes.

Figure 21. (Left) Enbridge employees install sorbent boom in front of a culvert at Division Drive.
(Right) Oil residue marks the level of the oil carried through this culvert following the Enbridge
release from Line 6B.

The EPA’s Region 5 Integrated Contingency Plan discusses response methods for small
river and stream environments, in which the primary use of booming should be to divert slicks
toward collection points in low-current areas. The plan states that booming is ineffective in fast
shallow water and in steep bank environments. The plan also states that sorbent boom should be
used to recover sheen in low current areas and along the shore. Although sorbent boom
effectively absorbs oil sheen in stagnant water, it is an ineffective barrier to flowing oil.**’

The Coast Guard’s Research and Development Center further describes the proper use of
sorbent boom, stating that it is used to recover trace amounts of oil and sheen in stagnant or slow
moving water, or as a polishing technique to control escaping sheen from containment boom.
The Coast Guard recommends that when containment boom is used in a fast moving current, the
maximum deflection angle must be maintained to channel the oil toward calm water along the
bank.

The Enbridge operating and maintenance procedure for emergency response identifies
methods for containing oil in wetlands, rivers, and sensitive areas. The procedure states that
when containing releases in rivers, an attempt must be made to confine the product as close to
the source as possible to prevent the product from entering a major river. The procedure states
that releases could be contained using one or a number of the following techniques: containment
booms, diversion booms, sorbent booms, earth dikes, and containment weirs. The procedure for
containing releases in rivers stated that sorbent booms may be used in calm waters when current
speeds are less than 1.64 feet per second and the degree of contamination is minor.

197" Mechanical Protection Guidelines (Research Planning, Inc., National Oceanic and Atmospheric

Administration, and U.S. Coast Guard National Strike Force joint publication, June 1994).
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1.16.2 API Standard 1160—Managing System Integrity for Hazardous Liquid
Pipelines

The API Standard 1160, Managing System Integrity for Hazardous Liquid Pipelines,
stresses that regulation should be used as the foundation of a high-quality integrity
management program, rather than relying solely on a compliance approach. Some of the
standard’s “Guiding Principles” include the following:

e An integrity management program must be flexible. The program should be
customized, continually evaluated, and modified as appropriate to accommodate
changes in the pipeline system.

e The integration of information is a key component for managing system integrity. It is
important to integrate all available information from various sources in the
decision-making process.

e ldentifying risks to pipeline integrity is a continuous process. Analyzing for risks in a
pipeline system is a continuous reassessment process. The operator will periodically
gather additional information and system operating experience. This information
should be factored into understanding system risks.

The standard states that all “coincident occurrence” of suspected high-risk conditions or
events should be compared using existing data. The standard further stresses that data should be
timely, complete, and of high quality.
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2 Analysis

2.1 Introduction

This analysis explains the probable cause of the accident and includes a discussion of the
following safety issues identified in this report:

e Multiple aspects of Enbridge’s organization, including pipeline integrity
management, operations control room management, leak detection and recognition,
public awareness, and environmental response.

e PHMSA'’s oversight of pipeline operating companies’ SCADA systems, integrity
management programs, and facility response plans.

e Federal pipeline safety regulations governing the assessment and repair of crack
defects under operators’ integrity management programs.

The remainder of this introductory section discusses those elements of the investigation
the NTSB determined were not factors in the accident.

The ruptured segment of Line 6B had a polyethylene tape coating and a cathodic
protection system, which was operating in excess of the minimum levels specified in the
regulations, to mitigate external corrosion. The coating had disbonded, and the NTSB Materials
Laboratory’s examination revealed large areas of general corrosion and pitting at and near the
pipe’s longitudinal seam weld in the disbonded areas. Because Line 6B’s polyethylene tape
coating had disbonded, the surface of the pipe was exposed to the surrounding environment and
susceptible to corrosion. However, the pattern and location of the disbondment were not
consistent with degradation associated with cathodic protection systems. Therefore, the operation
of the cathodic protection system was not considered a factor in this accident.

To investigate any potential microbial contribution to the corrosion, the EPA and the
NTSB conducted microbial testing. The EPA’s results from liquid samples showed higher
microbial concentrations than the NTSB’s results from surface samples. Knowing the microbial
concentrations on the metal surface is critical to estimating microbial contributions to corrosion
damage; therefore, the NTSB conducted microbial tests using corrosion product and deposit
samples obtained from the pipe’s surface beneath the coating. The results showed the presence of
low concentrations of microorganisms in the samples; however, features typically associated
with microbial corrosion were not observed on the corroded areas of the pipe. Therefore,
microbial corrosion was not considered a factor in the rupture.

Enbridge had an internal corrosion management program since 1996 that used cleaning
tools, biocide, and inhibitors to mitigate internal corrosion of its pipelines. The NTSB’s
examination of the ruptured pipe segment showed that the internal pipe surfaces were free from
any apparent corrosion or other visible surface anomalies. Therefore, internal corrosion was not a
factor in the rupture of Line 6B.
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The NTSB’s examination showed that the location of the fracture was inconsistent with
transportation-induced metal fatigue or third-party damage. The fracture originated from
corrosion pits on the external surface in the pipe’s base metal and away from the longitudinal
seam weld heat-affected zone. In addition, the NTSB’s examination of the pipe showed no sign
of third-party damage. Therefore, transportation-induced metal fatigue and third-party damage
were not factors in the rupture.

The NTSB’s testing of the chemical and mechanical properties of the steel taken from the
ruptured segment showed the pipe met or exceeded the API specifications in place at the time the
pipe was manufactured. Further, the rupture did not occur at the longitudinal seam weld or in the
weld heat-affected zone, which are locations typically associated with manufacturing defects. In
addition, no manufacturing anomalies were noted at the fracture origins. Therefore, pipe
manufacturing defects did not contribute to the failure of the pipeline.

Based on the above information, the NTSB concludes that 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.

2.2 Pipeline Failure

2.2.1 The Rupture

About 5:57 p.m. during the planned shutdown, the Line 6B operator increased the
pressure at a pressure control valve near the Stockbridge Terminal to slow the flow rate in the
pipeline and to increase the upstream pressure (toward the Marshall PS) by 150 psig. The
pressure increase occurred in 16 seconds. About 45 seconds after the pressure had increased
upstream of Stockbridge Terminal and just before the Marshall PS pump was stopped, Line 6B
ruptured at a highest recorded pressure of 486 psig,'®® which was lower than the MOP of
624 psig and the pressure restriction of 523 psig. The pipeline segment ruptured due to corrosion
fatigue cracks that had grown in size until the pipe failed during the planned shutdown. The
corrosion fatigue cracks most likely grew from smaller cracks that were likely initiated by
longitudinally oriented, near-neutral pH SCC from a corrosion pit. These cracks initiated from
multiple origins along the 6-foot-8.25-inch rupture and in areas of external surface corrosion.
The small cracks eventually grew in size and linked together to form one large crack. This
segment of pipe was not excavated or repaired and the crack was allowed to grow to a depth of
0.213 inch relative to the original wall thickness of 0.254 inch (83.9 percent), and it resulted in a
rupture coinciding with the pipeline shutdown operations on July 25, 2010.

2.2.2 Fracture Mechanism

The ruptured pipe segment was wrapped with polyethylene tape at the time of its
installation in 1969. Since the late 1960s, coating technology has advanced significantly. The
coatings available today follow the pipe’s contour better and are more resistant to disbonding.
Some of the newer coatings also allow cathodic protection to reach the pipe. Tape coating that is

108 i discharge pressure was recorded locally at the Marshall PS.
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well-adhered will remain tightly bonded to the external surface of a pipe; however, the tape
coating on the ruptured segment had areas where the tape was loose and wrinkled with areas of
localized bulging. Where the tape crossed the longitudinal seam weld, it was “tented” and the
failure of the adhesive (that is, disbondment) was evident along multiple areas of the pipe,
including areas away from the rupture location. Polyethylene tape-wrap coatings installed on
pipelines with DSAW longitudinal seams are susceptible to disbondment due to tenting,
particularly when the longitudinal seam weld is located at the 3 o’clock position on the pipe as it
was in the ruptured segment.

The pipe had been installed through a wetland; the rupture occurred near the edge of the
wetland, which potentially had subjected the ruptured segment to wet-and-dry environmental
patterns. Moisture had penetrated areas where the coating was not adhered to the pipe. This
disbondment exposed the pipe’s surface to conditions that are conducive to corrosion,
near-neutral pH SCC, and corrosion fatigue. This observation was evident by the presence of
corrosion and clusters of cracks along the length of the ruptured segment. The NTSB’s
examination showed that fracture features emanated from the bottom of the individual corrosion
pits at the external pipe surface. This observation indicated that the corrosion was in place prior
to the crack formation and provided locations of concentrated stress for crack initiation.

The fracture features found on the ruptured segment were consistent with near-neutral pH
SCC and corrosion fatigue as the fracture mechanism. When cross sections of the cracks were
examined at a microscopic level, the cracks were observed extending through the metal grains
with limited crack branching.’® On the fracture surfaces, many fine crack-arrest lines were
found near the origin areas of the cracks; farther away, larger broad-band crack-arrest features
were found. These crack-arrest lines indicated areas of progressive advancement likely generated
from either pressure cycles or changes in environmental conditions.

Near-neutral pH SCC and corrosion fatigue are forms of environmentally assisted
cracking and share similar fracture features.**° However, the NTSB observed distinct differences
in the crack arrest lines near the crack origins and those found farther away. These differences
suggest a change in the fracture mechanism as the cracks propagated deeper into the pipe wall.
Published experimental findings*** show near-neutral pH SCC cracks that are about 0.020 inch

199 crack branching refers to crack growth where the crack path diverges into separate crack paths as it grows,
appearing in cross section similar to the branches of a tree.

110 (a) J.1. Dickson and J.P. Bailon, “The Fractography of Environmentally Assisted Cracking,” in A.S. Krausz,

ed., Time Dependent Fracture: Proceedings of the Eleventh Canadian Fracture Conference, June 1984, Ottawa,
Canada (Dordrecht: M. Nijhoff Publishers, 1985). (b) G. Gabetta, “Transgranular Stress Corrosion Cracking of
Low-Alloy Steels in Diluted Solutions,” Corrosion, vol. 53, no. 7 (1997), pp. 516-524.

1 (&) W. Zheng and others, “Stress Corrosion Cracking of Oil and Gas Pipelines: New Insights on Crack

Growth Behaviour Gained From Full-Scale and Small-Scale Tests,” 12th International Conference on Fracture 2009,
July 12-17, 2009, Ottawa, Ontario, Canada. (b) B. Fang and others, “Transition from Pits to Cracks in Pipeline Steel
in Near-Neutral pH Solution,” 12th International Conference on Fracture 2009, July 12-17, 2009, Ottawa, Ontario,
Canada. (c) W. Chen and R.L. Sutherby, “Crack Growth Behavior of Pipeline Steel in Near-Neutral pH Soil
Environments,” Metallurgical and Materials Transactions A, vol. 38, no. 6 (2007) pp. 1260-1268.
(d) M.H. Marvasti, “Crack Growth Behavior of Pipeline Steels in Near Neutral pH Soil Environment,” master’s
thesis, University of Alberta, 2010. (e) F. Song and others, Development of a Commercial Model to Predict Stress
Corrosion Cracking Growth Rates in Operating Pipelines, SwRI Project 20.14080 (Washington, D.C.:
U.S. Department of Transportation, Pipeline Hazardous Materials Safety Administration, 2011).
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long will likely stop growing under a static load but will grow at a rate consistent with corrosion
fatigue under a cyclic load.

Therefore, the NTSB concludes that 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.

2.3 Federal Regulations Governing Hazardous Liquid Pipelines

The actions an operator must take to address integrity issues for liquid pipelines are
described in 49 CFR 195.452(h). In accordance with these requirements:

an operator must take prompt action to address all anomalous conditions the
operator discovers through the integrity assessment or information analysis. In
addressing all conditions, an operator must evaluate all anomalous conditions and
remediate those that could reduce a pipeline’s integrity. An operator must be able
to demonstrate that the remediation of the condition will ensure the condition is
unlikely to pose a threat to the long term integrity of the pipeline.

In response to API’s comments during PHMSA'’s rulemaking process, PHMSA amended
its integrity management rule by replacing the word “repair” with “remediate.” In the
preamble™ to its rulemaking, PHMSA stated that “although actions may consist of repair, other
actions such as further testing and evaluation, environmental changes, operational changes or
administrative changes could be appropriate.”

PHMSA also stated that “remediate can encompass a broad range of actions, which
include mitigative measures as well as repair” but that it “firmly believes that a repair is
necessary to address many anomalies.” However, PHMSA did not identify which anomalies
should be repaired.

Title 49 CFR 195.452(h)(4)(i) requires immediate repair for certain conditions, including
“metal loss greater than 80 percent of the nominal wall regardless of dimensions” and when “a
calculation of remaining strength of the pipe shows a predicted burst pressure less than the
established [MOP] at the location of the anomaly.” The regulation also identifies two acceptable
methods for calculating the remaining strength of corroded pipe. The regulation does not provide
an acceptable method for recalculating the remaining strength of cracked pipe.

Title 49 CFR 195.452(h)(4)(iii) addresses nine conditions that require remediation within
180 days. Four of these are the following:

(D) A calculation of the remaining strength of the pipe that shows an operating
pressure that is less than the current established [MOP] at the location of the
anomaly. Suitable remaining strength calculation methods include, but are not
limited to, ASME/[American National Standards Institute] B31G (“Manual for

112 Federal Register, vol. 65, no. 232 (December 1, 2000), p. 75377.
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Determining the Remaining Strength of Corroded Pipelines” (1991)) or
[American Gas Association] Pipeline Research Committee Project PR-3-805 (“A
Modified Criterion for evaluating the Remaining Strength of Corroded Pipe”
(December 1989)).

(G) Corrosion of or along a longitudinal seam weld.
(H) A gouge or a groove greater than 12.5 percent of nominal wall.
(1) A potential crack indication that when excavated is determined to be a crack.

During a meeting with NTSB investigators, PHMSA’s director of engineering and
research stated that PHMSA expects that all cracks will be excavated. However, Enbridge was
not excavating all features that had a high probability of being a crack.

Title 49 CFR 195.452(h)(4)(iii) does not address the size, depth, location, or suitable
engineering assessment methods associated with the predicted failure pressure or prioritization of
crack defects as it does with corrosion defects. The regulation addresses cracks as potential
cracks that when excavated are determined to be cracks but does not address what constitutes
potential cracks or whether excavation is required of all cracks—an expectation expressed by
PHMSA’s director of engineering and research. Because the regulation is less explicit regarding
the assessment of crack features, it does not clearly state the safety margin that should be applied
to a predicted failure pressure, as it does with corrosion, when performing engineering
assessments of crack defects. Because the regulation is less prescriptive with respect to the
remediation of crack features, the Enbridge crack management program used different and
inconsistent excavation criteria for cracks versus corrosion. Enbridge assessed cracking by using
fitness-for-service methods that applied a lower margin of safety to the predicted failure pressure
than would have been applied to corrosion features assessed under the same section of the
regulations.

Therefore, the NTSB concludes that 49 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.

PHMSA had inspected Enbridge’s integrity management program twice prior to
the Marshall accident. During PHMSA’s first integrity management inspection of Enbridge in
2003 and during its second comprehensive integrity management inspection of Enbridge in 2006,
PHMSA identified deficiencies involving Enbridge’s inadequate incorporation of data from all
in-line inspections and tests. For example, after the 2003 inspection, PHMSA stated, “Enbridge’s
information analysis procedures did not adequately consider data from other inspections and
tests. Also, the process of evaluation of each pipeline segment by analyzing all available
data was insufficient to gain a complete understanding of pipeline integrity.” After the
2006 inspection, PHMSA stated, “In effect, Enbridge [integrity management]-related groups
operate semi-independently, and it is not clear that overall integration of knowledge and data is
occurring on a consistent basis.” However, no further followup or verification of any corrective
actions by Enbridge was conducted by PHMSA. In addition, Enbridge had notified PHMSA of
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the introduction of changes to the engineering assessment of crack defects, following the
Cohasset accident in 2002; however, no evidence was found that PHMSA asked Enbridge for
justification in choosing a lower safety margin for the crack excavation criteria versus that of the
corrosion excavation criteria.

Therefore, the NTSB concludes that PHMSA failed to pursue findings from previous
inspections and did not require Enbridge to excavate pipe segments with injurious crack defects.

Based on its findings, the NTSB recommends that PHMSA revise 49 CFR 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 SCC as applicable.

PHMSA states the following in 49 CFR 195.452(h)(2):

Discovery of a condition occurs when an operator has adequate information about
the condition to determine that the condition presents a potential threat to the
integrity of the pipeline. An operator must promptly, but no later than 180 days
after an integrity assessment, obtain sufficient information about a condition to
make that determination, unless the operator can demonstrate that the 180-day
period is impracticable.

The regulation does not provide an upper limit to the number of days that an operator can
take to complete the determination of threats on the pipeline, only that it must have information
within 180 days. In addition, the regulation does not state whether the operator must act when a
partial assessment has determined threats to the integrity of the pipeline. As written, the
regulation allows a pipeline operating company to define what constitutes an “assessment” of its
pipeline system and to delay corrective integrity actions.

If pressure restrictions are imposed to maintain the integrity of a pipeline,
49 CFR 195.452(h)(2)(ii) requires that pressure restrictions extending beyond 365 days be
communicated to PHMSA. Enbridge filed a notice of long-term pressure reduction with PHMSA
on July 15, 2010, 1 year following what it defined as the “discovery of condition” and the date
when pressure restrictions were first imposed on Line 6B to safeguard the pipeline from
corrosion defects. These pressure restrictions were imposed on July 17, 2009, more than
600 days after the original October 13, 2007, in-line inspection that identified the defects
requiring pressure restrictions and 463 days beyond the 180-day “discovery of condition”
deadline. Only through this long-term pressure restriction notification process did PHMSA learn

113 The 2007 MFL corrosion inspection was a followup in-line inspection to a 2004 inspection of Line 6B,
which included some readings with echo-loss problems that impacted the reported depth. The 2007 in-line
inspection was originally intended as a “fill-in” to supplement the 2004 inspection.
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of the numerous delays to its original date-of-discovery deadline (April 10, 2008), which
Enbridge stated were due to revisions and reissues of the 2007 in-line corrosion inspection
report.

Enbridge was not required to notify PHMSA that it had exceeded the 180-day “discovery
of condition” deadline because Enbridge stated that the revisions constituted inadequate
information. However, a portion of the 2007 in-line inspection was unaffected by the errors that
required the revisions and could have been used to impose pressure restrictions. The NTSB
recognizes that the tool vendor has a role in the operator meeting the deadlines that are
established by the “discovery of condition” rule; however, when defects are time-dependent, the
regulator should be informed when delays exceed 180 days.

Therefore, the NTSB concludes that 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.

The NTSB is concerned that other pipeline operators also may interpret the current
regulation in a manner that delays defect repairs on a pipeline. Therefore, the NTSB recommends
that PHMSA revise 49 CFR 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 PHMSA and provide an expected date when
adequate information will become available.

2.4 Deficiencies in the Integrity Management Program

The Enbridge crack management plan operated under the premise that defects in an aging
pipeline with disbonded coating could be managed using a single in-line inspection technology
and that prioritization of crack defects for excavation and remediation could be effectively
managed through engineering assessments based strictly on the crack tool inspection data.

The program did not account for errors associated with in-line inspections and the
interaction of multiple defects on a pipeline. The 51.6-inch-long crack-like feature that
eventually led to the Line 6B rupture was one of six features that had been detected on
the ruptured segment during an in-line inspection conducted by Enbridge’s integrity management
program in 2005. Non-detection and improper classification of the defect are inherent risks when
relying solely on in-line inspection data to ensure the integrity of the pipeline, yet for
nearly 5 years following the inspection, the integrity management program failed to identify the
51.6-inch crack feature located adjacent to the weld as a threat to the pipeline. The Enbridge
integrity management program relied entirely on the 2005 USCD tool inspection data and the
engineering assessment methods, which applied a lower margin of safety than was applied under
the corrosion management program, and analyzed the pipeline integrity without accounting for
tool inaccuracies, validating the reported wall thickness, or considering interacting threats. Had
the Enbridge integrity management program included any of these aspects, the crack-like defect
that eventually resulted in the ruptured pipeline segment in Marshall might have been identified
and addressed.
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2.4.1 Engineering Assessment of Cracks and Margin of Safety

Enbridge applied a lower margin of safety when assessing crack defects versus when
assessing corrosion defects. The Enbridge integrity crack management group calculated the
predicted failure pressure for each reported defect from data supplied following in-line
inspections. From these calculations, Enbridge would select and prioritize pipeline segments for
excavation.™™* To Enbridge, the excavation of a pipeline segment would expose the segment and
would include a visual inspection and a nondestructive examination'*®> for cracks (including
SCC) and corrosion. The results from these field assessments were sent to the integrity crack
management group and used to assess tool accuracy and to make decisions for repairing the
defect.

All crack-like features that had a predicted failure pressure that was calculated to be less
than the hydrostatic test pressure of the pipeline segment were scheduled to be excavated.™®
Hydrostatic test pressure is defined by 49 CFR 195.304 as a minimum pressure of 1.25 times the
MOP of the pipeline. The Line 6B rupture segment had a MOP of 624 psig with a stated
hydrostatic test pressure of 796 psig (or 1.28 times the MOP). By comparison, the corrosion
defects on Line 6B were required to be excavated and remediated in accordance with
49 CFR 195.452(h)(4)(1))(B) when calculated predicted failure pressures were less than
1.39 times the MOP of the pipeline or SMYS (867 psig, the pressure that equates to a
circumferential stress equivalent to the SMY'S of the pipe). Therefore, the calculated margin of
safety for a corrosion feature was 11 percent higher than that of a crack feature.

The use of a lower safety factor for crack defects is inconsistent with the growth rate
assumptions used by the Enbridge crack management and corrosion management groups. The
crack growth rate used in the engineering assessments of cracks is greater than the maximum
corrosion growth rate assumption. Furthermore, Enbridge has stated that a greater range of
possible errors is associated with crack tools and that a higher reliability exists with corrosion
tools. However, neither of these factors was reflected in the lower safety margin used by
Enbridge when assessing cracks than when assessing corrosion. A larger margin of safety would
have resulted in a larger number of crack defects being eligible for excavation and examination.

2.4.2 In-line Inspection Tool Tolerances

To account for uncertainty in the depth sizing of crack features, the USCD tool has a
stated tolerance of +0.02 inch. However, Enbridge did not include this tolerance in its
engineering assessment of the crack defects from the 2005 USCD in-line inspection report.
Enbridge applied an engineering assessment method that used the maximum depth reported by
the tool, without incorporating tool tolerance to predict a failure pressure on the pipeline. If this

14 A reported depth greater than 40 percent of the wall thickness was another trigger that was used to select
crack features for excavation. None of the crack-like defects identified on the rupture segment had a reported depth
greater than 40 percent.

115 Magnetic particle testing was performed for SCC, and a USWM tool was used to record remaining wall

thickness.

116 Five features were excluded with the comment “surface breaking lamination.” Enbridge stated that

experience had shown these features are mid-wall laminations with no surface-breaking component.
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predicted failure pressure was lower than the hydrostatic test pressure, rather than excavate the
crack, Enbridge requested that PIlI analyze the in-line inspection data again and refine the
estimated crack depth or crack profile. This was the case for the 9.3-inch-long crack and deepest
of the six features identified in 2005. The Enbridge method of engineering assessment used the
tool-reported crack depths as actual without accounting for tool error. However, PII has stated
that the tool tolerance should be incorporated in the reported crack depth. If tool tolerance is not
accounted for during an engineering assessment, the size of some defects may be
underestimated, resulting in a predicted failure pressure greater than the actual failure pressure. If
the predicted failure pressure is greater than the hydrostatic test pressure, these defects may not
get excavated and evaluated.

2.4.3 Improper Wall Thickness

Enbridge used the wall thickness reported by the 2005 USCD tool (0.285 inch) in its
fitness-for-purpose failure pressure assessment and crack-growth calculations used to prepare the
excavation list. The reported wall thickness from the USCD tool appeared in the in-line
inspection report as a constant for the entire length of the ruptured segment. But, wall thickness
can vary significantly along the length of a pipe, and while this value was within the
specification tolerance for this pipe, Enbridge did not compare the value to the values reported
by the 2004 USWM wall measurement tool. The 2005 USCD tool-reported wall thickness of
0.285 inch was 0.035 inch thicker than the nominal wall thickness of 0.25 inch. By using the
tool-reported wall thickness instead of the nominal, Enbridge effectively added another
14 percent to the maximum allowable pressure rating for the pipeline segment. The Enbridge
crack management program did not compare the tool-reported wall thickness in the 2004 in-line
corrosion inspection, which measured local wall thickness, with the 2005 in-line
crack-inspection reported wall thickness. Enbridge also did not apply a nominal wall thickness
during the engineering assessment of the 2005 in-line inspection data.

2.4.4 Corrosion and Cracking Interactions

In 2005, Enbridge had no procedure that accounted for the interaction between corrosion
and cracking and the potential influence on crack depth reporting. The USCD tool Enbridge used
in 2005 measured the crack depth from the surface adjacent to the crack; therefore, if the pipe’s
wall was free of corrosion, then the estimated depth reported by the crack tool closely matched
the actual crack depth. However, if corrosion had caused wall loss on the surface adjacent to the
crack, then the crack depth measured by the tool was less than the actual depth of the crack
relative to the original surface of the outer wall. The 2004 corrosion inspection results and the
2005 crack inspection results showed areas where cracks and corrosion overlapped in regions
directly over the ruptured area.

Enbridge did not have a procedure to account for wall loss due to corrosion when it was
evaluating the in-line inspection crack-tool-reported data and was preparing the excavation list.
Considering interacting threats in addition to individual threats to pipeline integrity provides a
more accurate assessment of potential hazards. The practice is also recognized in Federal
regulations and industry guidance, which highlight the importance of integrating all available
information in an integrity management program. According to APl 1160, “The integration of
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information is a key component for managing system integrity.” APl 1160 further notes that it is
important to integrate all available information from various sources in the decision-making
process; in particular, an operator should compare the “coincident occurrence” of suspected
high-risk conditions. Title 49 CFR 195.452(f)(3) states that one of the minimum requirements of
an integrity management program is “an analysis that integrates all available information about
the integrity of the entire pipeline and the consequences of a failure.”

2.45 Crack Growth Rate Not Considered

Enbridge integrity management did not adequately address the effects of a corrosive
environment on crack growth rates. In its 2005 USCD engineering assessment, the Enbridge
crack management group used a fatigue crack growth model to predict the remaining life of the
pipeline to ensure that in-line inspection intervals were selected at a frequency that allowed it to
monitor crack growth. Enbridge did not calculate crack growth rates for other potential crack
mechanisms (such as SCC or corrosion fatigue). In 2011, an Enbridge consultant conducted a
systemwide threat assessment review to examine the pipeline integrity threats. The threat
assessment used data from an existing Enbridge leak-report database, which contained data
collected from 1984 to 2010. According to the threat assessment, the “environmentally assisted
cracking mechanism that is most prevalent along Enbridge’s liquid pipeline system is either
near-neutral pH SCC or corrosion fatigue.” Much of the information used to draw this
conclusion was available to the Enbridge crack management group. However, until the time of
the Marshall accident, Enbridge’s crack management plan focused only on fatigue cracks. The
growth rates of environmentally assisted cracks (such as corrosion fatigue cracks) can be an
order of magnitude or more greater than nominal fatigue crack growth rates.''’ Because
Enbridge did not include crack growth from corrosion fatigue in its analysis, some cracks in the
pipeline could grow significantly faster than predicted under the Enbridge engineering
assessment. Enbridge’s crack management program and reinspection interval selection is
inadequate because it fails to consider all potential crack growth mechanisms that are prevalent
in its pipeline.

2.4.6 Need for Continuous Reassessment

The TSB’s investigation of the 2007 rupture of Enbridge’s Line 3 in Glenavon,
Saskatchewan, identified limitations of in-line inspection tools and of the engineering assessment
methods Enbridge used to evaluate pipeline safety based on the inspection reports. The Enbridge
USCD tool inspection conducted in 2006 on Line 3 measured the depth of the defect that
ultimately failed and reported it within a depth range of 12.5 to 25 percent of estimated wall
thickness. Enbridge had conducted an engineering assessment of the crack defect and determined
that the predicted failure pressure of the pipeline segment was greater than the hydrostatic test
pressure; consequently, the feature was not excavated.

Enbridge changed its process, based on the findings in the 2007 TSB report, to include
tool tolerances during an engineering assessment of Line 3. However, the changes implemented

Uy, Chen, Report on Achieving Maximum Crack Remediation Effect from Optimized Hydrotesting, prepared
by University of Alberta, Department of Chemical and Materials Engineering, Edmonton, Alberta, for the
U.S. Department of Transportation, PHMSA, June 15, 2011.
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on Line 3 because of the Glenavon accident were never applied retroactively to the 2005 in-line
inspection data collected for Line 6B. The Enbridge integrity management program did not
incorporate a process of continuous reassessment to all of its pipeline engineering assessments
when it neglected to apply the revised crack assessment methods to Line 6B. API Standard 1160,
titled “Managing System Integrity for Hazardous Liquid Pipelines,” defines pipeline integrity
risk assessment as a continuous process and risk analysis as a continuous reassessment process.
The standard also states that any applicable information or experience “should be factored into
the understanding of system risks.”

2.4.7 Effect of Integrity Management Deficiencies

To examine the role that some of the deficiencies described above played in Enbridge not
identifying the crack-like features as an integrity threat between 2005 and 2010, the NTSB
conducted an engineering assessment of the six crack-like features identified in the 2005 in-line
inspection of the ruptured segment. Variables such as tool tolerances, nominal wall thickness,
and interaction of corrosion and cracking were evaluated, using Enbridge’s analysis software and
assumptions from 2005, to determine whether the 51.6-inch crack feature would have triggered
an excavation of the ruptured segment. The results of the assessment showed any one of the
variations used in the predicted failure pressure calculations would have resulted in a calculated
failure pressure below the stated Enbridge criteria (that is, hydrostatic test pressure) and required
that the rupture feature be placed on an excavation list.

In addition, the NTSB examined the impacts to the engineering assessment when the
excavation criteria for cracks were equal to the excavation criteria for corrosion. The predicted
failure pressure results of the Enbridge 2005 engineering assessment for the six crack-like
features were compared against a threshold of 1.39 times the MOP. The findings show that the
51.6-inch-long crack-like defect that resulted in the rupture had a predicted failure pressure that
was less than 1.39 times the MOP but greater than the hydrostatic test pressure.'® Had
Enbridge’s crack management program used a margin of safety equivalentto the margin of
safety used in the corrosion management program (1.39 times MOP), the crack-like feature that
eventually grew to failure would have been identified for excavation.

Enbridge currently includes an allowance for tool tolerance, developed from field
excavations, with the crack depth when it is analyzing crack features. By adding the tool
tolerance to the crack depth, the crack depth estimates used in the analysis are increased and
some uncertainty associated with the in-line inspection tool’s sizing of the defects is mitigated.
Enbridge now uses the lesser of either the nominal wall thickness or the remaining wall thickness
reported in the USWM tool inspection report when performing engineering assessments of crack
defects.

Since the accident, Enbridge has added an analysis of SCC to its process for analyzing
crack growth in addition to its analysis for fatigue crack growth. However, Enbridge still does
not consider corrosion fatigue in its analysis of crack growth. Because corrosion fatigue cracks

118 Crack defects from in-line inspection reports had to have a predicted or calculated failure pressure of less
than hydrostatic test pressure to be excavated in 2005.
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can grow faster than SCC or fatigue cracks, Enbridge’s current analysis of crack growth can still
underestimate crack growth rates in areas of corrosion.

Therefore, the NTSB concludes that 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.

The NTSB recommends that Enbridge revise its integrity management program to ensure
the integrity of its 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.

To ensure that the approach adopted by Enbridge under the integrity management
program is consistent with PHMSA’s regulations, as recommended in the above safety
recommendation, the NTSB believes that it is prudent for the regulator to perform an inspection
of the revised Enbridge integrity management program. Therefore, the NTSB recommends that
PHMSA conduct a comprehensive inspection of Enbridge’s integrity management program after
it is revised in accordance with the above safety recommendation.

Typically, different tools, techniques, and vendors are involved in performing various
in-line inspections of a pipeline to assess its integrity. The NTSB concludes that 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. The Pipeline Research Council International has been involved in energy pipelines
research programs since 1952; it also works with many trade associations such as the American
Gas Association, the Interstate Natural Gas Association of America, and NACE International.
The NTSB therefore recommends that 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.

It is NTSB’s expectation that the safety recommendation to PHMSA to revise
49 CFR 195.452 would require all hazardous liquid pipeline operators to correct deficiencies in
their integrity management programs. However, the NTSB recognizes the effort and the time
required to make these revisions. The NTSB concludes that pipeline operators should not wait
until PHMSA promulgates revisions to 49 CFR 195.452 before taking action to improve
pipeline safety. Therefore, the NTSB recommends that PHMSA issue an advisory bulletin to all
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hazardous liquid and natural gas pipeline operators describing the circumstances of the accident
in Marshall, Michigan—including the deficiencies observed in Enbridge’s integrity management
program—and ask them to take appropriate action to eliminate similar deficiencies.

2.5 Mischaracterization of the Crack Feature

According to PII, a “crack-like” characterization was indicative of a single linear crack
whereas a “crack-field” characterization implied that the feature was made up of a cluster of
small cracks typically associated with SCC. All six features identified on the ruptured segment,
including the 51.6-inch-long feature that grew to failure, were initially characterized as
“crack-field” features by the junior analyst; however, a supervisor changed the final report to
read “crack-like” features. When PII identified a feature as a “crack-field,” PII also reported the
length of the longest individual crack within the cluster. Enbridge used a criterion of 2.5 inches
for the longest crack as a trigger for excavation of “crack-field” defects.

After the Marshall accident, Pl reexamined the in-line inspection data and determined
that the features were misclassified. Based on this examination of the failure defect, the rupture
feature would have had a longest indication''® that measured 3.5 inches. Because this longest
indication within the cluster was greater than the Enbridge excavation criteria for “crack-field”
features, the 51.6-inch feature would likely have been excavated by Enbridge in 2005.

Therefore, the NTSB concludes that PII’s 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.

2.6 Control Center

For over 17 hours, Enbridge control center staff directly involved with operating Line 6B
did not recognize that the pipeline had ruptured. During this time, the control center staff
believed that column separation was present in the pipeline and that the pipeline could and
should be started. After 17 hours, the control center received a call from a gas utility technician
stating that he had found oil on the ground.

The NTSB examined Enbridge’s control center operations to understand how the staff
failed to detect the rupture. The investigation found that the control center staff’s errors—the
protracted misinterpretation of the pipeline status and the two pipeline startups (each of which
pumped additional crude oil into the environment and exacerbated the damage caused by the
rupture)—were influenced by multiple factors. The investigation examined the Enbridge control
center staff’s team performance and training, preparedness to detect pipeline ruptures, and
tolerance for procedural deviance.

119 Longest indication refers to the longest crack within the cluster of cracks of a “crack-field” defect.
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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.*® 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.

In a recent marine accident,™?! 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.

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.

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.'??

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.**® Although Enbridge control center staff worked in teams, they

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).

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 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.”'?*

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:

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

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

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

e 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 NTSBIPAR-11/01, p. 98.
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research on the effectiveness of CRM programs.’® 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.

2.6.2 Training

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. APl 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 Eor 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 Al 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 Al 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.'”® 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.

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.

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 p, 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.**’ 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 Al 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.

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.
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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,*?® 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.

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.

128 ps. 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.*?® 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.

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.

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.”*® 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.

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

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.™®! 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.

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—Iless 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.

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.**> 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.

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.** 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.

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.

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 6il 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.'**
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.

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™* 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.

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**® and by the EPA™’ 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.

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

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.

130 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.

e ] e [ s
12 hours 36 hours 60 hours

Effective daily

recovery capacity 78,750% 119,994 180,012
(gallons/day)

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.®® 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.

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 QOil 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.

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),"*® 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

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.”
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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.**

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.**
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.

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.

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,** 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.

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

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

192 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.

143 Pipeline and Hazardous Materials Safety Administration Budget Estimates, Fiscal Year 2012, p. 50.

144 5il 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:

e 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.

e 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.

e 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.

e 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:

e 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.

e 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.

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

e A leak-detection process that was prone to misinterpretation and differing
expectations of control center analysts and operators.

114



NTSB Pipeline Accident Report

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, 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.

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

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.
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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 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.”

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,*’ “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.”

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.

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:
e Proactively addressing safety issues before they become incidents or accidents.

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

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

e Requiring senior company management to commit to operational safety.
e ldentifying personnel responsible for safety initiatives and oversight.

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

146 Refinery Fire and Explosion, BP, Texas City, Texas, March 23, 2005, Report No. 2005-04-1-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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e Continuously identifying and addressing risks in all safety-critical aspects of
operations.

e 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.

10.

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.

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.

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.

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.

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.

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.

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.

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.

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

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.

118



NTSB Pipeline Accident Report

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

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.

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.

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.

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.

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.

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

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.

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

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.

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.

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.

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.

24,

25.

26.

27.

28.

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.

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

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

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.

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.

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:

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

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

e 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)

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

DEBORAH A.P. HERSMAN ROBERT L. SUMWALT
Chairman Member
CHRISTOPHER A. HART MARK R. ROSEKIND
Vice Chairman Member

EARL F. WEENER
Member

Adopted: July 10, 2012
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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, PIl Pipeline Solutions, and the
U.S. Environmental Protection Agency.

126



NTSB Pipeline Accident Report

5.2 Appendix B: Enbridge’s MBS and Control Center Operations
Procedures

MBS Procedure for Examining MBS Alarms

Enbridge Responses to IR No. 108
Page 2 of 17

1} Using the flow chart to respond to a 5-min MBS alarm related to column separation.

Gather Essential Information.
from Caller

Support Call
for Alarm?

Support Call
for Anomaly?

Referto MBS Refer to MBS Referto MBS
Alarm Flow,
Char
c D
B ry CCO reports
h:SO"Rem] m:“ Instrument out of Service CCO reports

CCO Reports MBS Odd Flow Profile Valve out of service Health Monftoring alarm
MBS Alarm Station bypass MBS display frozen

MBS Step Change Flow Station isolation MBS display bank

Profile PLC work
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Enbridge Responses to IR No. 108
Page 3 of 17

MBS Alarm

v

Proceed to the Main Menu Display

\

Proceed to the Volumne Balance Region
dispay with alarms

v

Proceed to the shortest Volume Balance
window Status diasplay with alarms

5 Minute Window? No 20 Minute Window No

Yes Yes Yes

Refer to 20

Refer to 5
Minute Alarm

Analysis

Refer to 2 Hour

Minute Alarm
——-—! lysi Alarm Analysis




NTSB Pipeline Accident Report

Enbridge Responses to IR No. 108
Paged4 of 17

S Min Alarm
Analysis

v

Navigate to the Imbalance
Historical Display

!

Determine start time and pattern
of imbalance

l

Proceed to Volume Balance Section
Detail display common to all alarms

> ~

Determine start time,
location and pattemn of

Diagnostic Flow

S
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Enbridge Responses to IR No. 108

Page 5 of 17
Determine start
time, location and
pattem of
Diagnostic Flows
Y Y
Proceed to all Flow (Q) Proceed to all Pressure (P)
Trends Trends

change coincident
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Enbridge Responses to IR No. 108
Page 6 of 17

Final Step
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Control Center Procedure for Suspected Column Separation

@DBTitle -

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

k) Suspected Column Separation

In the event of a suspected column separation:

Pipeline Operator:
1. Notify Shift Lead

If a column separation is suspected from incoming SCADA data and the column cannot
be restored within 10 minutes:

Pipeline Operator:
1. Notify Shift Lead

2. Shut down the specific line.
3. Sectionalize[l
4. Isolate[l

5. Execute the Abnormal Operations Condition Reporting[] procedure

Shift Lead:

1. Execute the Emergency Notification[] procedure
If field personnel locate a leak:

1. Initiate the Confirmed Leak - Field Personnel Verification[] procedure.

If field personnel do not locate a leak:

e permission to restart the line may be granted only by the Pipeline Control on-call
designate

Related Topics:
[CiLine 52 Suspected Column Separation

This document is valid only for the date shown: 12/14/2010
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Control Center Procedure for Column Separation—Draft Procedure Used on July 26, 2010

ENBRIDGE

Main Topic .
Author:  Melissa Marshall/CNPL/Enbridge Date Composed: 05/03/2010 09:52 AM

Subject: Suspected Column Separation
Category: Suspended Procedure Madification

Originator: Jason Ridley

Justification/Reason for Change: There are times where we have a suspected column separation and
given the drained volume, cannot restore the column in 10 minutes, requiring an additional shutdown.
These changes will bring our suspected column separation procedures in line with best practices.

Reviewers: CCO On-Shift Staff, Training, Technical Services, Engineering,
Primary Approver: CCO Management {lan Melligan)

Review Period: 14 days

Procedure Section and Name(s): Section A, k) Suspected Column Separation
Notes:

® Formatted procedures have been placed in the Control Centre Operations Forum

Please provide feedback in the Control Centre Operations Forum by May 17th.

k) Suspected Column Separation

In the event of a suspected column separation:

Pipeline Operator:
1. Notify Shift Lead.

If a column separation is suspected from incoming SCADA data and the column cannot
be restored within 10 minutes:
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Pipeline Operator:
Notify Shift Lead.

-t

Shut down the specific line.

2
3. Sectionalize[l.
4. Isolate[l.

5

. Execute the Abnormal Operations Condition Reporting[] procedure.

Shift Lead:
1. Execute the Emergency Notification[j procedure.

If field personnel locate a leak:
e Initiate the Confirmed Leak - Field Personnel Verification procedure

If field personnel do not locate a leak:
e permission to restart the line may be granted only by the Pipeline Control
on-call designate

If a starting up into a known column separation:
Pipeline Operator:
1. Notify Shift Lead
2. Calculate the amount of volume drained (from CMT, tank levels, etc)

3. Calculate a restoration time to restore the column separation (volume drained/
flow rate) = time

Shift Lead:
1. Confirm calculated restoration time with Pipeline Operator

2. Reguest Operator to start up the line into the column separation starting the 10
minute rule when the calculated restoration time expires.

If the column cannot be restored under the above conditions:
® request operator to shutdown, sectionalize and isolate

3. Execute the Emergency Notification[] procedure.
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Control Center Procedure for MBS Leak Alarm

@DBTitle - IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

c) MBS Leak Alarm

If a leak detection alarm occurs:

Pipeline Operator:

1. Notify Shift lead
2. Record AOC in FACMAN

Shift Lead:
1. Assess the alarm

If any of the following conditions occur:

e A2 hour alarm is received by itself and not in conjunction with a 5 or 20 minute
alarm.

e The green line on the alarm assessment screen remains below the red alarm line
for 5 minutes

e The green line drops below the red line again anytime within 20 minutes of the
initial alarm

e There is any doubt about the reliability of the model

1. Execute the MBS Alarm - Analysis by MBS Support[i procedure
If none of the above conditions occur:

1. Execute the MBS Alarm - Temporary Alarm[] procedure

Related Topics:
[C1Abnormal Operations Reporting Requirements
(MBS System Malfunction

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for MBS Leak Alarm—Analysis by MBS Support

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

MBS Leak Alarm - Analysis by MBS Support

If the Shift Lead determines that an MBS Alarm requires analysis by MBS Support:
e Notify MBS Support.

If after 10 minutes, an analysis of the alarm is not complete:
e Shut down the pipeline and standby for analysis.

If MBS Support advise the alarm is valid:
e Execute the MBS Valid Alarm[}) procedure

If MBS Support advise the alarm is false:

e Execute the MBS Temporary Alarm[l] procedure

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for MBS Leak Alarm-Temporary Alarm

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

MBS Leak Alarm - Temporary Alarm

If the Shift Lead or MBS Support determines that an MBS alarm is temporary:
Pipeline Operator:
1. Continue normal operations

e No pipeline shutdown is required, or
e If pipeline was shutdown, resume normal operations

Related Topics
[lAbnormal Operations Reporting Requirements

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for MBS Leak Alarm—Valid Alarm

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

MBS Leak Alarm - Valid Alarm

If the MBS Support determines that the MBS alarm is valid:

Pipeline Operator:

1. Shut down the alarming pipeline
2. Sectionalize[’
3. Isolate[}

Shift Lead:

1. Request MBS support to provide the following information:
e station to station estimate of the potential leak location
e total imbalance
e synopsis of pressure trends near the potential leak location

2. Contact the police.
e For Norman Wells Pipeline, contact police[] if the emergency is within a 5
kilometre radius of Norman Wells, Tulita, Wrigley or Ft. Simpson.

3. Contact Regional/District Management[l] and :
e indicate that the line is shut down for a Material Balance System (MBS) alarm only
e identify the potential leak location between the two identified adjacent stations

4. Contact the CCO Admin[}] On-Call or Deisgnate

Note: Permission to restart the pipeline may only be granted by Control Centre
Operations on-call designate in agreement with Regional Management

Related Topics
[CAbnormal Operations Reporting Requirements

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for Leak Triggers From SCADA Data

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-4. Incident Analysis

ENBRIDGE

Leak Triggers - From SCADA Data

Leak triggers are unexplained, abnormal operating conditions or events that indicate a leak:

From Pipeline SCADA Data:
Upstraam of Suspecled Leak Site:

sudden drop in upstream discharge pressure

e sudden change in upstream control valve throttling or pump speed

® one or more upstream units shut down (or lock out) in combination with a
sudden drop in upstream discharge pressure and/or sudden change in
upstream control valve throttling or percentage VFD control

e sudden increase in upstream flow rate

Downstream of Suspected Leak Site:

e sudden drop in downstream suction pressure

e sudden change in downstream control valve throttling or pump speed

e one or more downstream units shut down (or lock out) in combination with a
sudden drop in downstream suction pressure and/or sudden change in
downstream control valve throttling or percentage VFD control
sudden drop in holding pressure at a delivery location
sudden decrease in downstream flow rate

From the Material Balance System (MBS):
e An MBS alarm is active

From Terminal SCADA Data:
Injection Terminals
e sudden increase in flow rate
e sudden decrease in pressure
® one or more booster pumps shut down (or lock out) in combination with a
sudden decrease in pressure

Delivery/Landing Terminals
e sudden decrease in flow rate
e sudden decrease in pressure
e PCV closing

If one or two leak triggers occur, execute the Suspected Leak[’j procedure.
If three or more triggers occur, execute the Confirmed Leak[] procedure.

Related Topics

MBS Leak Alarm
[C)Abnormal Operations Condition Reporting Requirements

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for Suspected Leak—Pipeline—From SCADA Data

ENBRIDGE

Suspected Leak - Pipeline - From SCADA Data

If a leak is suspected as a result of 1 or 2 leak triggers from SCADA data:
Pipeline Operator:
1. Notify Shift Lead
2. Establish the initial time of the anomaly from historical data.
- Inthe event of 3 or more Leak Triggers, execute the Confirmed Leak -
SCADA or CMT Data <Link> procedure
If a leak cannot be ruled out within 10 minutes or less from the initial time of the
anomaly:
Pipeline Operator:
1. Shut down the specific line.
2. Sectionalize <Link>

3. Isolate <Links

Shift Lead:
1. Continue investigation if necessary to confirm leak triggers.
2. Execute the Emergency Notification <Link> procedure
If field personnel locate a leak:
1. Execute the Confirmed Leak - Field Personnel Verification <Link> procedure.

If field personnel do not locate a leak:

- permission to restart the pipeline may only be granted by Control Centre
Operations on-call designate in agreement with Regional Management

Related Topics:
Leak Triggers
Abnormal Operations Reporting Requirements
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Control Center Procedure for Confirmed Leak—Pipeline~-SCADA or CMT Data

ENBRIDGE

Confirmed Leak - Pipeline - SCADA or CMT Data

In the event of a confirmed leak from SCADA or CMT data:
Pipeline Operator:

1. Immediately shut down the specific line using the Stop Line <Link> command

- Notify Shift Lead

2. Sectionalize <Link>

3. Isolate <Link>

4. Execute the Abnormal Operations Condition Reporting <Link> procedure
Shift Lead:

1. Execute the Emergency Netification Procedure <Link>

2. Complete the Reported Incident Information Receiving Form.

Related Topics:
Leak Triggers
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Control Center Procedure for Abnormal Operating Conditions

ENBRIDGE

a) Abnormal Operating Conditions

An Abnormal Operating Condition (AQOC) is a condition that may indicate a malfunction
of a component or deviation from normal operation that may:

¢ |ndicate a condition exceeding design limits, or

¢ Result in a hazard(s) to persons, property or the environment

The following are identified as AOCs for Control Centre Operations. Additional
conditions that could constitute an AOC according to the above definition must be
reported to CCO Management.

Pipeline Obstruction
Obstruction Triggers — Pipeline <Link>
Obstruction Triggers — Terminal <Link>
Pipeline Obstruction <Link>

Station Lockout
Station Lockout <Link>

Suspected Leak
Suspected Leak - Pipeline - From SCADA Data <Link>
Building Leak Detected <Link>
Densitometer Trouble or Densitometer Leak <Link>
Station Trouble (those that state "bldg leak") <Link>
Leak Triggers - From CMT Data <Link>
Leak Triggers - From SCADA Data <Link>

MBS Alarm
MBS Alarm <Link=>
MBS System Malfunction <Links>

Suspected Column Separation
Suspected Golumn Separation <Link>

Communications Failure
Communications Failure — Pipeline <Link>
Communications Failure — Terminal <Link>

SCADA Field Equipment Malfunction
PLC Outage — Station <Link>
PLC Failure - Frozen Data <Link>
Pressure Readback Outage — Station <Link>

Confirmed Leak
Confirmed Leak - Pipeline - SCADA or CMT Data <Link>

Valve Malfunction
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Control Center Procedure for Unknown Alarm or Non Defined Procedure to an Alarm

- IR6.1 CCO MANEUVERS

. Mananvere ﬁnnrating Standards

ENBRIDGE

b) General Operating Standards - Unknown Alarm or Non-defined
Procedure to an Alarm

In the event of an unknown SCADA alarm or a SCADA alarm without a defined
procedure; Control Centre actions are based on alarm severity:

S2 Informational:
® No action required

S4 Warning:
e Discretionary Operator response to alarm dependant on operating conditions
e Notify the Shift Lead if unsure of response
e If multiple S4 alarms are active for a related issue, the response and severity
may be raised
e FACMAN creation may be required
e Advise on-site/on-call personnel if required

S6 Severe:
e Notify Shift Lead
e Advise on-site/on-call personnel
e Create a FACMAN

S8 Critical:
e Notify Shift Lead
e |Immediately notify on-site personnel
e Immediately call out field personnel if site is unmanned
e Create a FACMAN

Create a SCADA problem report for all unknown Control Centre alarms

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for Suspected Leak—Pipeline from CMT Volume Difference

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-1. Emergency Response - Pipeline

ENBRIDGE

Suspected Leak - Pipeline - From CMT Volume Difference

In the event of a Leak Trigger[] from the Commaodity Movement Tracking (CMT) linefill
report:

e Verify that the volumes at both the pumping and receiving stations are correct.
If the volumes are correct and exceed the Volume Balance Threshold[j for the pipeline:

1. Initiate a 10 minute volume check at both the pumping and receiving stations.

2. Analyze PCS historical data

e Verify that the negative volume imbalance was accompanied by a
corresponding increase in pipeline pressures

3. Compare the volumes from the 10 minute volume check
If the difference between the pumped volume and the landed volume from the 10 minute
volume check is more than 10%, or if the negative volume imbalance was not

accompanied by a corresponding increase in pipeline pressures:

® Execute the Confirmed Leak - Pipeline - SCADA or CMT Datall] procedure.

Related Topic:
[ClAbnormal Operations Condition Reporting Requirements

This document is valid only for the date shown: 08/01/2010
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Control Center Procedure for Leak and Obstruction Triggers—On Pipeline Startup from SCADA
Data

- IR 63: EMERGENCY PROCEDURES

A Fmernancv Pracadyres-4. Incident Analysis

ENBRIDGE

Leak and Obstruction Triggers - On Pipeline Startup - From SCADA Data

In addition to other Leak Triggers[] and Obstruction Triggers[] on a flowing pipeline, the following trigg

In the event that pressure changes do not propagate throughout a pipeline segment
within the expected Wave Travel Time:

If the event is accompanied by an unexplained, abnormal increase in pressure:
e execute the Suspected Pipeline Obstruction[l procedure

If the pipeline was shut down with sufficient pressure to maintain Minimum Holding
Pressure[l1 in the pipeline segment

e execute the Confirmed Leak[}] procedure

If the pipeline was shut down with insufficient pressure to maintain Minimum Holding
Pressure[] in the pipeline segment

® execute the Suspected Column Separation[’] procedure

Related Topic:
Sample Estimated Wave Travel Time {Miles):
Segment Length (mi) Wave Travel Time
30 45 sec
40 1 minute
60 90 sec
80 2 minutes
Sample Estimated Wave Travel Time (Kilometers):
Segment Length (km) Wave Travel Time
40 40 sec
60 1 minute
100 100 sec
300 5 minutes

This document is valid only for the date shown: 08/01/2010
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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 Two
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ABSTRACT 300304:

The Enbridge Line 6B pipeline release of diluted bitumen into the Kalamazoo River
downstream of Marshall, M1 in July 2010 is one of the largest freshwater oil spills in North
American history. The unprecedented scale of impact and massive quantity of oil released
required the development and implementation of new approaches for detection and recovery. At
the onset of cleanup, conventional recovery techniques were employed for the initially floating
oil and were successful. However, volatilization of the lighter diluent, along with mixing of the
oil with sediment during flooded, turbulent river conditions caused the oil to sink and collect in
natural deposition areas in the river. For more than three years after the spill, recovery of
submerged oil has remained the predominant operational focus of the response.

The recovery complexities for submerged oil mixed with sediment in depositional areas
and long-term oil sheening along approximately 38 miles of the Kalamazoo River led to the
development of a multiple-lines-of-evidence approach comprising six major components:
geomorphic mapping, field assessments of submerged oil (poling), systematic tracking and
mapping of oil sheen, hydrodynamic and sediment transport modeling, forensic oil chemistry,
and net environmental benefit analysis. The Federal On-Scene Coordinator (FOSC) considered
this information in determining the appropriate course of action for each impacted segment of the
river.

New sources of heavy crude oils like diluted bitumen and increasing transportation of
those oils require changes in the way emergency personnel respond to oil spills in the Great
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Lakes and other freshwater ecosystems. Strategies to recover heavy oils must consider that the
oils may suspend or sink in the water column, mix with fine-grained sediment, and accumulate in
depositional areas. Early understanding of the potential fate and behavior of diluted bitumen
spills when combined with timely, strong conventional recovery methods can significantly
influence response success.

INTRODUCTION:

On July 25, 2010, during a rainstorm and flood a rupture of a 30” Enbridge Energy
(Enbridge) oil pipeline (Line 6B) released a heavy crude oil composed of bitumen diluted with
natural gas condensate (dilbit) into a wetland and adjacent river system in a Great Lakes
watershed near Marshall, Michigan. The Enbridge Line 6B pipeline is part of the 1,900-mile
Lakehead system that transports heavy crude oil as well as other oil products and natural gas
products from production fields in Western Canada and Western U.S. to refineries in the Upper
Midwest and Ontario, Canada. Line 5 and Line 6 intersect watersheds of three of the Great Lakes
— Superior, Michigan, and Huron. With increased production in these regions the volume of oil
transported through pipelines and via railcar adjacent to water bodies in the Great Lakes region
has increased dramatically.

After Line 6B ruptured, oil spilled for over 17 hours during a product change from
Western Canadian Select to Cold Lake Blend. Enbridge has reported that approximately 843,000
gallons of oil were discharged from the pipeline into the nearby Talmadge Creek and Kalamazoo
River (Fig. 1). This discharge represents one of the largest inland oil spills into a freshwater
system in North American history.

Flood flows with an annual exceedance probability of 4 percent (Hoard et al., 2010)
rapidly distributed the oil along 2 miles of Talmadge Creek and adjacent wetlands and
downstream into the Kalamazoo River, eventually reaching 38 miles of the river’s channels, as
well as associated backwaters, floodplains, islands, and wetlands (Fig. 1). During transport the
lighter diluent volatilized and a portion of the oil submerged beneath the water surface,
presumably by adhering to and mixing with sediment and organic matter. The submerged oil
was subject to further transport along with the remaining surface oil until eventually settling into
quiescent areas of the Kalamazoo River. As floodwaters receded, drapes of oil of various
thicknesses also covered floodplain, wetland, and island surfaces. Some of the oil passed through
two impoundments and dams at the Village of Ceresco and City of Battle Creek, and a
significant fraction eventually ended up in a third impounded area at the delta of Morrow Lake,
approximately 36.5 miles downstream of the release location and approximately 70 miles
upstream of the mouth of the Kalamazoo River at Lake Michigan. Based on rough estimates of
time-of-travel of water releases between the power plant at Marshall and the USGS stream gage
on the Kalamazoo River at Battle Creek, the initial leading edge of the oil probably took about
30 hours to be transported to Morrow Lake, travelling at about 1.25 miles/hour.
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Figure 1. Location map of the approximately 38 miles of the Kalamazoo River and nearby towns
affected by the 2010 Enbridge Line 6B oil spill near Marshall, MIl. Morrow Lake is
approximately 70 river miles upstream of Lake Michigan.

Personnel and contractors of the United States Environmental Protection Agency (U.S.
EPA) responded to the Line 6B spill on July 26, 2010, the date that it was reported (Fig. 2). The
U.S. EPA issued a Removal Administrative Order (Order) to Enbridge on July 27, 2010. The
Order was issued pursuant to the authority vested in the President of the United States by Section
311(c) of the Federal Water Pollution Control Act §1321(c), as amended, and commonly known
as the Clean Water Act (CWA). The amended CWA also includes the Qil Pollution Act of 1990,
33 U.S.C. 82701 et seq. The response efforts were managed utilizing the Incident Command
System (ICS) under a Unified Command Structure with Incident Commanders from the U.S.
EPA, Michigan Department of Environmental Quality (MDEQ), and Enbridge among others
coordinating on response, assessment, and monitoring activities.

The physical setting of the Kalamazoo River—meandering, low gradient, diverse channel
and floodplain features, extensive floodplain forests and wetlands, off-channel water bodies, and
impoundments—is typical of many medium- to large-sized rivers in the Great Lakes region and
contributed to the lengthiness and complexity of response operations. The average gradient of the
Kalamazoo River in the spill-affected reach is 3.14 feet/mile or about 0.06 percent.

The objectives of this paper are to describe and discuss how conventional recovery
techniques and a multiple-lines-of-evidence approach were used in the assessment and recovery
of dilbit in a freshwater riverine ecosystem within the Great Lakes Region. The multiple-lines-of
evidence approach included six science-based tools used specifically for assessment and

recovery of submerged oil.
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Figure 2. Response timeline for the Enbridge Line 6B oil spill. [SSCG, Scientific Support
Coordination Group; NEBA, Net Environmental Benefit Analysis; SCAT, Shoreline Cleanup
and Assessment Technique; HDM, Hydrodynamic modeling]

CONVENTIONAL TACTICS IMMEDIATELY FOLLOWING THE SPILL:

Pursuant to U.S. EPA direction, over 1.1 million gallons of Line 6B oil were recovered
relatively early in the response by aggressive use of conventional oil spill containment and
recovery strategies and tactics. This volume exceeds Enbridge’s initial estimate of the total oil
released from the pipeline. Nearly 2,500 responders were organized under an ICS with
operations being driven by comprehensive Shoreline Cleanup and Assessment Technique
(SCAT) activities developed and directed by U.S. EPA (Dollhopf and Durno, 2011).

Recovery of floating diluted bitumen

Because much of the oil remained floating in the days immediately following the release,
conventional methods and equipment were effective in containment and recovery of this floating
component. Over 12,000 linear feet of conventional surface containment boom and over 8,000
feet of absorbent boom were deployed to contain and aid recovery of the floating oil within the
first week following the release (Fig. 3A). During this time, however it became apparent that
these would not work for the sinking component, leading to application of alternative tactics like
agitation (Fig. 3C).
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AR
Figure 3. Qil collected over time with different methods: A, conventional floating absorbent
boom; B, inverted weir dam in Talmadge Creek; and C, new agitation toolbox technique (photos
by Weston/START).

Containment barriers were constructed within the source area. Vacuum trucks and
excavation equipment were utilized to remove pooled oil and oil-saturated soils. A series of
earthen dams were constructed within the forested wetland between the pipeline break location
and Talmadge Creek to contain and stop the flow of oil into Talmadge Creek. In addition,
Enbridge constructed a flume system consisting of a series of inverted weirs within Talmadge
Creek to trap and contain oil (Fig. 3B). Eventually, the entire 2.25 miles of the creek overbank
areas were excavated to recover oil saturated soils.

To collect and remove the boom-contained oil in Talmadge Creek and the Kalamazoo
River, Enbridge utilized conventional equipment including vacuum trucks, drum skimmers, and
absorbent materials. Collected oil and oil/water mixtures were transported to a central on-site
storage area and placed into large portable tanks for consolidation, separation, and temporary
storage.

Over the next few weeks, containment and collection locations were added along 38
miles of the affected Kalamazoo River. In total, approximately 35 surface containment locations
were established along the Kalamazoo River, and over 175,000 linear feet of containment and
absorbent boom were deployed during the first month of the response.

Because of the flood at the time of the spill, oil was deposited on the banks above the
normal river stage. These “overbank” areas were assessed for oil impact and cleanup utilizing the
SCAT process by separating the shoreline and overbanks along both sides of the Kalamazoo
River into one-quarter mile segments. Recovery actions for overbank areas included: direct
pooled oil removal; pooled oil removal through low-pressure/high volume flushing with
collection via snare boom or absorbent boom; stained vegetation removal leaving root systems
intact; manual removal of oiled debris; cutting, bagging, and removal of low hanging oil-
impacted limbs; and scrape/removal of oil impacted soils. SCAT teams also re-inspected areas to
determine the effectiveness of the initial recovery. Oil was also recovered by excavation of oil-
saturated soils, resulting in the recovery of an additional estimated 300,000 gallons of released
oil.

Initial containment and recovery of submerged oil

Even as conventional containment/recovery strategies were being implemented, U.S.
EPA personnel began to evaluate the extent to which some of the oil had become submerged
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within the Kalamazoo River system. A Submerged Oil Task Force (SOTF) was created in late
August 2010 to perform field assessments, characterization, and mapping of submerged oil (Fig.
2). Enbridge was directed to begin installing submerged oil containment structures at numerous
locations within the Kalamazoo River. These structures included gabion baskets filled with
absorbent snare booms installed on the bottom of the river and silt curtains extending from the
river bed to the water’s surface. In addition, a sediment basin was constructed within Talmadge
Creek to enhance sediment and submerged oil deposition upstream of its confluence with the
Kalamazoo River.

Initial SOTF assessment efforts in 2010 consisted of mapping the geomorphic settings
throughout the river, followed by collection, visual assessment, and analysis of sediment core
samples from representative depositional areas, and qualitative assessment of sheening and globs
from submerged oil through manual agitation (poling) of the sediments. These activities resulted
in the identification of 18 priority locations in the Kalamazoo River for further evaluation and
implementation of submerged oil recovery actions.

In the fall 2010, ecological assessments at the 18 priority location preceded submerged
oil recovery actions. Three levels of recovery were recommended based on results from the
ecological assessments: (1) aggressive agitation techniques to liberate the submerged oil from the
sediment (raking, flushing, aggressive aeration, and skimming for locations with limited
ecological value) (Fig. 3C), (2) less aggressive agitation to limit damage to flora and fauna
(cautious raking and flushing in areas deemed to have high ecological value), or (3) dredging
within the Ceresco dam impoundment.

MULTIPLE-LINES-OF-EVIDENCE APPROACH FOR SUBMERGED OIL:

By 2011, submerged oil had proved much more challenging to recover than floating and
overbank oils and increasingly became the focus of cleanup efforts (Fig. 2) (U.S. Environmental
Protection Agency, 2011). It was clear that there was no single technology that would be
operationally effective. During the summer of 2011, submerged oil recovery efforts focused on
various manual and mechanical sediment agitation techniques to liberate the oil from the
sediment, followed by conventional recovery of the oil from the water surface. Although these
techniques were successful in recovering Line 6B oil, the results of the Late Summer 2011
Reassessment poling led the U.S. EPA to question the continued use of agitation as a recovery
tool. The Federal On-Scene Coordinators (FOSCs) tasked U.S. EPA’s Scientific Support
Coordinators (SSCs) and a Scientific Support Coordination Group (SSCG) led by the SSCs to
devise a multiple-lines-of-evidence strategy to inform submerged oil characterization, recovery
strategies and endpoint determinations. Some of the components of this strategy were developed
by operations and situation personnel (geomorphological mapping, poling assessments, and
sheen tracking) and some were driven by scientific support staff (hydrodynamic and sediment
transport modeling, forensic oil chemistry, and Net Environmental Benefit Analysis (NEBA)).

Mapping river geomorphic settings

An understanding of the geomorphic behavior and characteristics in the Kalamazoo River
provided the backbone for submerged oil assessment and recovery activities throughout the
response. The physical behavior of the submerged oil was not well understood, but initial
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indications were that it accumulated in depositional areas of the river and had an affinity for
aggregation with fine-grained soft sediment (silt, clay and organic matter accumulations with
high water content) (Fig. 4). Slow-moving areas with submerged oil included reaches where the
slope of the river flattened, such as at the three impoundments, or where the river widened
enough to allow for depositional areas along channel margins. Submerged oil also was associated
with secondary channels, oxbows, the downstream side of islands, and tributary mouths.

Figure 4. Photos from the Kalamazoo River: (A) Oiled soft sediment in the vicinity of the
Ceresco impoundment in 2012 and (B) typical oil sheen and globs on the water surface near soft
sediment deposits in the Battle Creek millponds in 2013.

In spring 2011, delineation of geomorphic surface units (GSUs) for the oil-affected reach
of the Kalamazoo River was done in a Geographic Information System (GIS) based on the
synthesis of multiple data sources (Enbridge Energy, L.P., 2012a) (Fig. 5). Channel longitudinal
profile and slope data were collected in the summer and fall 2010 (Tetra Tech, Inc., 2011).
Fluvial landforms, anthropogenic features, bank lines, and channel widths were interpreted from
April 2011 leaf-off aerial photographs. Particle size of river sediment was visually assessed
during the Spring 2011 Reassessment poling and core collection and logging and was grouped
into eight categories — gravel and larger, sand and gravel, sand, sand and silt, sand over silt, silt
over sand, soft sediment, and organic. Water depths from the Spring 2011 Reassessment poling
were used as a final refinement of the GSUs. The resultant 28 geomorphology-based categories
were used to delineate areas of the river channel that were prone to either erosion or deposition.
This technique of mapping river geomorphic settings and looking for submerged oil in
depositional areas became an important tool to locate remaining problem areas after the floating
oil was removed.

440



300304
2014 INTERNATIONAL OIL SPILL CONFERENCE

Explanation
Geomorphic Unit
| EIBackwater

“ I Channel deposit
J B Cut-off / Oxbow
f B Depositional bar
| M Impoundment

Figure 5. Mapping the locations of depositional geomorphic settings helped guide submerged oil
recovery efforts (photo Weston/START).

Poling assessments for submerged oil

Sediment poling became a primary submerged oil assessment tool. The sediment was
agitated using a graduated aluminum pole with an 8-inch diameter metal disc on the submerged
end. If submerged oil was present in the sediment, the agitation action liberated oil from the
sediment, allowing it to float to the water surface. The percent coverage of oil sheen and number
of globs at the water’s surface within one square yard were observed and categorized as ‘none’,
‘light’, ‘moderate’, or ‘heavy’ according to the Field Observation Submerged Oil Flowchart (Fig.
6).

During the initial qualitative assessment activities conducted in 2010, over 4,000 poling
points were assessed throughout the affected river system. Global positioning system (GPS)
coordinates and field observations were recorded upon poling and managed in a GIS. When
moderate or heavy submerged oil observations were made, points were delineated with
additional poling points made away from the initial point in all directions (step-outs) until the
moderate/heavy area was delineated with observations of light and/or no sheening.
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Figure 6. Flowchart used for field observations of submerged oil during poling assessments.

In spring 2011, teams conducted a comprehensive reassessment of the entire 38 miles of
affected Kalamazoo River. The Spring 2011 Reassessment poling resulted in the collection of
over 6,000 poling points and identification of over 200 acres in the heavy and moderate
submerged oil poling categories, including 90 acres within the Morrow Lake delta and fan.
Subsequent to the submerged oil agitation recovery actions conducted in 2011, a Late Summer
2011 Reassessment poling was conducted to evaluate the effectiveness of the agitation recovery
efforts and to monitor the submerged oil accumulation footprints throughout the system.
Reassessment poling results indicated that acreage of moderate and heavy oil categories had
decreased but acreage with light categories had increased.

During the poling efforts conducted throughout 2011, crews observed an important
correlation between water and sediment temperature and the relative liberation of submerged oil
from the sediments. A Temperature Effects Study was conducted to determine the minimum
water and sediment temperature above which poling activities could be effectively conducted.
Based on this study results, the FOSC made a decision that 60°F was the minimum river water
temperature for poling assessments to be conducted in the Kalamazoo River, which was a
compromise between higher temperatures leading to increased sheening from agitated sediment
and lower temperatures allowing for a longer field season (start and end date) for assessments to
be conducted.

Poling reassessments were again conducted in spring 2012, late summer 2012, and
spring 2013 (Fig. 2). These reassessments were all conducted above the minimum water and
sediment temperature threshold of 60° F. Poling data from these reassessment activities have
been valuable in tracking and mapping the submerged oil footprint over time, and have assisted
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the FOSC in directing Enbridge to conduct submerged oil recovery activities via dredging within
the three impounded areas of the affected Kalamazoo River system in 2013-14.

Sheen mapping

The persistence of submerged oil resulted in continuing observation of surface oil
globules and sheen for over three years after the spill, often in response to localized sediment
agitation associated with boat traffic. In addition, oil globules and sheen appeared
“spontaneously” (i.e., in the absence of any obvious or direct action). U.S. EPA required
Enbridge to contain and collect surface sheen when it appeared. Soon after the sheen oil recovery
activity began, U.S. EPA initiated the tabulation of sheen observations and collection responses,
including dates, times, and locations of observations and recovery activities. Petroleum-based
sheens were differentiated from biogenic sheens mainly in the field by use of a standard
operating procedure for a tiered, four-part testing methodology (Enbridge Energy, L.P., 2012b).

When sheen location data were mapped, it became readily apparent that there was visual
correlation among problematic sheening locations, depositional geomorphic settings, and
heavy/moderate poling results (Fig. 7). These three independent lines of evidence converged on a
picture of submerged oil being associated with deposits of fine-grained or soft organic-rich
sediment. In addition, forensic oil chemistry results confirmed that Line 6B oil was the source of
the vast majority of surface expressions of oil globs and sheen in the river (greater than 95% of
sheen samples collected were confirmed as derived from Line 6B oil, see Forensic Oil Chemistry
section below).

Spring 2012 Poling Result
SubOil Category

e ; LogeH Ll

Figure 7. Sheen management areas overlain with Fall 2012 Reassessment poling data in Morrow
Lake delta.
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Hydrodynamic and sediment transport modeling

In 2011, hydrodynamic modeling became an integral part of operations to help answer
questions about the fate and transport of remaining submerged oil in the Kalamazoo River and
whether the oil could migrate out of the Morrow Lake delta and past Morrow Dam. The
modeling served an important purpose of being able to extend the range of flow conditions that
had been observed in the time since the spill.

A set of hydrodynamic and sediment transport models using the 2-dimensional
Environmental Fluid Dynamics Code (EFDC) was developed by Tetra Tech for Enbridge in
2011-12 to simulate river water levels, flows, velocities, shear stresses, sediment loads, and
erosion and deposition rates along the 38 affected miles of the Kalamazoo River (Enbridge
Energy, L.P., 2012a). An important assumption of the models was that the physical properties of
clay and silt-sized fine-grained sediment could be used as a surrogate for submerged oil and
oiled sediment because the remaining submerged oil was found associated with fine-grained soft
sediment deposits in slow-moving depositional areas of the river.

The Enbridge EFDC models were later updated and expanded by U.S. EPA in 2013-14 to
help answer continued questions about the migration potential of the submerged oil and to
evaluate new recovery and containment strategies. In addition, ongoing field and laboratory
flume studies helped to identify the physical properties of oiled sediment and to describe the
formation and breakup of oil-mineral aggregates in a freshwater river system.

Forensic oil chemistry

After the Line 6B oil submerged and became distributed throughout the river system, it
became apparent that forensic oil chemistry methods would be needed to determine whether it
was possible to distinguish Line 6B oil from other residual background hydrocarbons (RBHSs)
that might be present in the Kalamazoo River sediments. Nearby urban areas likely contributed
RBHSs from nonpoint sources as well as occasional dumping and small spills. The objective of
the work was to determine whether it would be possible to identify Line 6B oil in environmental
samples with a high degree of certainty because of high background levels of other sources of oil
contaminants. Based on this work, it was shown that Line 6B oil was enriched in certain
triaromatic stearene biomarkers (Fig. 8), that could be used to differentiate the spilled oil from
background oil sources (G. Douglas, in prep). These results were used to demonstrate
definitively whether sheen/globule samples contained Line 6B oil. Environmental samples that
contained Kalamazoo River sediment were more challenging to evaluate. Nevertheless, methods
were developed to identify Line 6B oil in sediment samples that contained varying levels of
RBH (G. Douglas, NewFields, written commun., 2014).
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Biomarker Compound Distribution - Line 6B Oll (BLUE) Versus Sediment Residual Background Hydrocarbon (RED)
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Figure 8. Example biomarker plot of Line 6B oil versus residual background hydrocarbons
(RBH) present in Kalamazoo River sediment. The four triaromatic stearene biomarkers shown at
the far right end of the plot are enriched in Line 6B oil. Samples were normalized to hopane
levels (T19). Concentrations of hydrocarbons T26 and T33 are elevated in the sediment
compared to Line 6B oil because of background levels of peat-related compounds often found in
river sediment (Courtesy G. Douglas, NewFields, written commun., 2014).

Net Environmental Benefit Analysis (NEBA) and operational tactical areas

A NEBA was developed by the SSCG in 2012, using the Efroymson et al. (2003)
application for marine environments and Rayburn et al. (2004) application for oil spill planning
in the Great Lakes as guides (Bejarano et al., 2012). This provided another tool to help in
decision-making and planning for remaining areas of submerged oil in the Kalamazoo River
after human health and safety factors were accounted for. The NEBA offered a means for the
FOSC and operations staff to weigh the ecological risks associated with leaving the residual
submerged oil in place and allowing for potential natural attenuation, or removing the oil with
selected recovery actions.

The NEBA conceptual design resulted in relative risk matrices for eight recovery actions
(monitored natural attenuation, enhanced deposition in designated sediment traps, agitation
toolbox techniques, dredging/vacuum truck, dewater/excavate, sweep/push, scraping, and sheen
collection) that encompassed eight habitat types (impounded waters and deltas, flowing
channels, depositional backwaters, bars, emergent wetlands, islands, oxbows and meander
cutoffs, and forested scrub-shrub wetlands), and six ecological resource categories (plants,
mammals, birds, amphibians/reptiles, fish, and invertebrates). Risks of exposure via five
pathways (aqueous exposure, sediment exposure, physical trauma, physical oiling/smothering,
and indirect) were taken into account in terms of magnitude of impact and length of recovery.

The final color-coded matrix of relative risk rankings ranged from “low impact” with an
estimated level of resource impact of less than 10% relative to baseline or reference and less than
1 year for recovery to “very high impact” with an estimated resource impact of greater than 60%
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and greater than 7 years for recovery. The rankings were based on the current knowledge of the
degree of oiling starting in the fall of 2011, after two seasons of intensive recovery actions.

The NEBA was integrated with approximately 200 individual submerged oil tactical
areas in 2012. The integration was repeated as new poling results and tactical areas were updated
by operations through spring 2013. Monitored natural attenuation and sheen collection were
recommended for most of tactical areas, many of which were small in extent, but there were
some important exceptions:

e A number of depositional areas along the river were observed to trap submerged oil after
initial recovery operations had removed the oil, and were therefore designated as
“sediment traps” that would be expected to need repeated assessment and recovery.

e For these designated sediment traps, the recommendation was to follow the sediment trap
monitoring and maintenance plan. It was assumed that sediment traps would require
repeated active submerged oil recovery, possibly every 6 months or after a major flood.

e |If the number of moderate and heavy poling results stayed the same or increased in a
tactical area then the recommendation was to increase monitoring frequency and continue
to evaluate for possible future recovery.

e Agitation toolbox techniques were not recommended for recovery. Dredging was the only
recovery tactic recommended.

INTEGRATION OF SCIENCE-BASED TOOLS WITH RESPONSE OPERATIONS:

By December 2010, about 5 months after the spill, most floating oil and oiled vegetation
and debris had been recovered and a plan for overbank oil-saturated soil recovery (excavation)
was in place that would continue into 2011. In addition, application of fluvial geomorphological
science aided by a comprehensive GIS data base was beginning to inform submerged oil
recovery strategies. The development of poling techniques, and GIS mapping of that
information were designed to validate the geomorphological science and to provide greater
resolution of submerged oil depositional patterns so that recovery priorities could be established
and ecological impacts could be better understood. These were the first steps in developing a
SCAT-like process for submerged oil.

The comprehensive mapping of submerged oil provided a baseline to determine
submerged oil distribution throughout the system which could then be compared with periodic
poling events in the future as well as special event-related poling events (e.g., post flooding or
post recovery) to evaluate oil movement or recovery effectiveness. A third SCAT-like effort was
necessary to “integrate” the NEBA relative risk matrix with tactical areas of the river containing
moderate and heavy submerged oil. This step was strategically critical to optimize recovery and
maintain sensitivity to the potential negative environmental effects of recovery. The integration
resulted in a systematic recovery approach for these remaining tactical areas for the FOSC’s
consideration.

Additional evidentiary convergence on recovery targets was provided by tracking sheen
observations and recovery, which demonstrated that the incidence and intensity of sheening
corresponded to depositional areas of the river with moderate and heavy poling results. Finally,
forensic chemistry analyses of oiled sediment samples also confirmed that poling and
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geomorphological prediction could indicate where submerged Line 6B oil was concentrated,
thereby solidifying confidence in the SCAT process.

Continuing efforts to remove submerged oil from the system included dredging of oiled
sediments from the impoundments: Ceresco, Mill Ponds, Morrow Lake delta, and from smaller
designated sediment traps throughout the system. The tools described in this paper that informed
decision making on current strategy and endpoints may be employed again for any areas that
prove persistently problematic going forward.

SUMMARY AND CONCLUSIONS:

The Enbridge Line 6B diluted bitumen oil spill into the Kalamazoo River created a
challenging situation that was overcome by using a combination of conventional techniques for
floating oil and a multiple-lines-of-evidence approach for submerged oil. Recovery of submerged
oil has been particularly difficult and protracted, with recovery continuing into the 4™ year after
the spill. Given that the magnitude and composition of this release into a freshwater ecosystem
has no historical precedent, it is valuable to consider the lessons learned in its cleanup and
remediation for planning for other heavy oil spills in the Great Lakes Region.

At the onset of cleanup, conventional recovery techniques for the Kalamazoo River
targeted floating oil and oil deposited in overbank areas on vegetation and soils. However, as
attention shifted to the substantial occurrence of submerged oil in the river sediment, techniques
were developed to raise the oil to the surface to allow its recovery. Ultimately, it was necessary
to recover oiled sediment and sludge by conventional methods such as hydraulic dredging.

The multiple-lines-of-evidence approach developed for assessment and recovery of
submerged oil, when integrated with a robust GIS helped to optimize submerged oil assessment
and recovery techniques, inform decision-making related to transitions and endpoints, and
ultimately clean as much oil as possible while limiting long-term ecological damages from the
oil recovery activities.
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A black goo stopped just 10 feet from the metal cap that marked his drinking water well. Walking on
the tarry mess was like stepping on chewing gum.

Jun 26, 2012
By Elizabeth McGowan and Lisa Song, InsideClimate News

On Sunday, July 25, 2010, Enbridge Line 6B ruptured near Marshall, Mich. and released more than one million gallons of Canadian
diluted bitumen into Talmadge Creek and the Kalamazoo River. llustration by Catherine Mann for InsideClimate News. View the full
map on page 2 of this story.

Tweet £9 [1]

MARSHALL, Mich.—An acrid stench had already enveloped John LaForge's five-bedroom house when he opened the door just after
6 a.m. on July 26, 2010. By the time the building contractor hurried the few feet to the refuge of his Dodge Ram pickup, his throat was
stinging and his head was throbbing.

LaForge was at work excavating a basement when his wife called a couple of hours later. The odor had become even more
sickening, Lorraine told him. And a fire truck was parked in front of their house, where Talmadge Creek rippled toward the Kalamazoo
River.

LaForge headed home. By the time he arrived, the stink was so intense that he could barely keep his breakfast down.
Something else was wrong, too.

Water from the usually tame creek had inundated his yard, the way it often did after heavy rains. But this time a black goo coated
swaths of his golf course-green grass. It stopped just 10 feet from the metal cap that marked his drinking water well. Walking on the
tarry mess was like stepping on chewing gum.

LaForge said he was stooped over the creek, looking for the source of the gunk, when two men in a white truck marked Enbridge
pulled up just before 10 a.m. One rushed to LaForge's open front door and disappeared inside with an air-monitoring instrument.

The man emerged less than a minute later, and uttered the words that still haunt LaForge today: It's not safe to be here. You're going to
have to leave your house. Now.

John and Lorraine LaForge, their grown daughter and one of the three grandchildren living with them at the time piled into the pickup
and their minivan as fast as they could, given Lorraine's health problems. They didn't pause to grab toys for the baby or extra clothes
for the two children at preschool. They didn't even lock up the house.

Within a half hour, they had checked into two rooms at a Holiday Inn Express, which the family of six would call home for the next 61
days.

Their lives had been turned upside down by the first major spill of Canadian diluted bitumen [2] in a U.S. river. Diluted bitumen is the
same type of oil that could someday be carried by the much-debated Keystone XL pipeline [3]. If that project is approved, the section
that runs through Nebraska will cross the Ogallala aquifer, which supplies drinking water for eight states as well as 30 percent of the
nation's irrigation water.

"People don't realize how your life can change overnight," LaForge told an InsideClimate News reporter as they drove slowly past his
empty house in November 2011. "It has been devastating."

* k k %

The spill happened in Marshall, a community of 7,400 in southwestern Michigan. At least 1 million gallons of oil blackened more than
two miles of Talmadge Creek and almost 36 miles of the Kalamazoo River, and oil is still showing up 23 months later, as the cleanup
continues. About 150 families have been permanently relocated and most of the tainted stretch of river between Marshall and
Kalamazoo remained closed to the public until June 21 [4].

The accident was triggered by a six-and-a-half foot tear in 6B, a 30-inch carbon steel pipeline operated by Enbridge Energy Partners,
the U.S. branch of Enbridge Inc., Canada's largest transporter of crude oil. With Enbridge's costs already totaling more than $765

http://insideclimatenews.org/print/15519 1/19


http://insideclimatenews.org/
http://insideclimatenews.org/
http://insideclimatenews.org/news/20111101/keystone-xl-oil-sands-pipeline-diluted-bitumen-dilbit-secret-chemicals-corrosion-spill-enbridge?page=show
http://insideclimatenews.com/topic/keystone-xl
http://insideclimatenews.com/news/20120621/enbridge-oil-spill-tar-sands-dilbit-michigan-kalamazoo-river-pipeline-safety-epa-keystone-xl
http://www.documentcloud.org/documents/365744-enbridge-ferc-filing-5-18-12.html

The Dilbit Disaster: Inside The Biggest Oil Spill You've Never Heard Of, Part 1 2015/05/27

million [5], it is the most expensive oil pipeline spill since the U.S. government began keeping records in 1968. An independent
federal agency, the National Transportation Safety Board, is investigating the accident [6], and the U.S. Environmental Protection
Agency has launched criminal and civil probes.

Despite the scope of the damage, the Enbridge spill hasn't attracted much national attention, perhaps because it occurred just 10
days after oil stopped spewing from BP's Macondo well in the Gulf of Mexico, which had ruptured three months earlier. Early reports
about the Enbridge spill also downplayed its seriousness. Just about everybody, including the EPA officials who rushed to Marshall,
expected the mess to be cleaned up in a couple of months.

What the EPA didn't know then, however, was that 6B was carrying bitumen, the dirtiest, stickiest oil on the market.

Bitumen is so thick—about the consistency of peanut butter—that it doesn't flow from a well like the crude oil found in most of the
nation's pipelines. Instead the tarry resin is either steamed or strip-mined from sandy soil. Then it is thinned with large quantities of
liquid chemicals so it can be pumped through pipelines. These diluents usually include benzene, a known human carcinogen. At this
point it becomes diluted bitumen, or dilbit.

Some environmental organizations say dilbit is so acidic and abrasive that it's more likely to corrode and weaken pipes than
conventional oil. The oil industry disputes that hypothesis. It says dilbit is no different from conventional crude.

No independent scientific research has been done to determine who is right. But a seven-month investigation of the Enbridge spill by
InsideClimate News has revealed one fact neither side disputes: The cleanup of the Kalamazoo River dilbit spill was unlike any
cleanup the EPA had ever tackled before.

Instead of remaining on top of the water, as most conventional crude oil does, the bitumen gradually sank to the river's bottom, where
normal cleanup techniques and equipment were of little use. Meanwhile, the benzene and other chemicals that had been added to
liquefy the bitumen evaporated into the air.

InsideClimate News also learned that federal and local officials didn't discover until more than a week after the spill that 6B was
carrying dilbit, not conventional oil. Federal regulations do not require pipeline operators to disclose that information. And Enbridge
officials did not volunteer it.

Mark Durno, an EPA deputy incident commander who is still involved in the cleanup in Marshall, is among those who were surprised
by what they found.

"Submerged oil is what makes this thing more unique than even the Gulf of Mexico situation," Durno told InsideClimate News. "Yes,
that was huge—but they knew the beast they were dealing with. This experience was brand new for us. It would have been brand new
for anyone in the United States."

Jim Rutherford, the public health officer for Michigan's Calhoun County, said he had "no idea what | was driving into," when he rushed
to Marshall the day 6B ruptured.

"Enbridge was caught off guard initially, much like all of us were," Rutherford said in an interview. "We just weren't ready for anything of
this magnitude. ... We didn't even know the nature of the type of crude.”

Map of the rupture site and the Kalamazoo River

Click on map to enlarge [7]

*kkk

Pipeline 6B was builtin 1969 and is 293 miles long. It is part of Enbridge's 1,900-mile Lakehead system, which transports Canadian
oil to major refining centers in the Great Lakes region, the Midwest and Ontario.

In 1999 Enbridge was among the first pipeline operators to bring Canadian dilbit into the United States. Every day, more than 11.3
million gallons of Canadian oil is transferred to 6B at Enbridge's terminal in Griffith, Ind., and pumped across southern Michigan, to
Sarnia, in the province of Ontario, Canada. From Sarnia, it is transferred to lines that connect to refineries near Detroit and
surrounding markets. On the day of the spill, 6B was moving a mixture of two types of dilbit—about one-quarter Western Canadian
Select and three-quarters Cold Lake.
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A map of line 6B

(8]

The federal agency responsible for regulating interstate pipelines is the Pipeline and Hazardous Materials Safety Administration [9]
(PHMSA), a perennially underfunded and understaffed division [10] of the U.S. Department of Transportation. For the most part the
agency relies on pipeline operators to monitor their pipelines and self-report any problems. One of the biggest concerns is corrosion,
which can lead to spills or leaks if the corroded areas aren't patched or replaced.

When corrosion rises above a certain threshold, PHMSA requires that it be repaired within 180 days. But the rules are flexible, and
companies can easily negotiate for more time.

Records show that 6B had a history of corrosion problems.

In 2008, Enbridge identified [11] 140 corrosion defects on 6B as serious enough to fall into the 180-day category. But the company
repaired just 26 of them during that period.

In 2009, Enbridge self-reported a separate set of 250 defects [12] to PHMSA. The company fixed only 35 of them within 180 days.

Instead of immediately addressing the 329 defects that now remained, Enbridge got a one-year extension [13] from PHMSA by
exercising its legal option to reduce pumping pressure on 6B while it decided whether to repair or replace the line.

A defect on 6B near John LaForge's house, where the pipeline eventually ruptured, didn't appear on any of the 180-day repair lists.

That defect, at mile marker 608, was detected at least three times [14] before the pipeline ruptured, in 2005, 2007 and 2009,
according to documents Enbridge filed with PHMSA over the years. But each time, Enbridge decided it wasn't significant enough to
require repairs within 180 days.

Ten days before 6B ruptured, Enbridge applied to PHMSA [15] for another extension. It asked for an additional two and a half years to
decide whether 6B should be repaired or replaced.

*kkk

On the same day Enbridge applied for that extension, Richard Adams, the company'’s vice president of U.S. operations, assured a
congressional subcommittee on pipeline safety that Enbridge was well prepared for an emergency.

"Our response time from our control center can be almost instantaneous, and our large leaks are typically detected by our control
center personnel," Adams told the lawmakers. "They can view that there is a change in the operating system, and there are provisions
that, if there is uncertainty, they have to shut down within a period of time, and that would include the closing of automatic valves."

The emergency response plan the company keeps on file with PHMSA is more specific. It says [16] a rupture on the Lakehead system
would be detected within five minutes and the damaged segment closed in three minutes.

dkkk

The real-world test of Enbridge's emergency plan began at 5:57 p.m. Eastern Daylight Time on July 25, 2010, about the time the
LaForge family was eating Sunday dinner. In a control room 1,500 miles away in Edmonton, Alberta, Enbridge was stopping the
pumps on 6B as part of a scheduled, 10-hour shutdown. The company was waiting for more oil to fill storage tanks at the start of 6B in
Giriffith, Ind., so a full shipment could accumulate before pumping resumed.

One minute later, a high-priority alarm [17] sounded in the control room, indicating that pressure had dropped to zero near Marshall.
Another alarm triggered Enbridge's safety system and automatically halted the pumps at Marshall. Over the next five minutes, three

more high-priority alarms signaled pressure problems on the line. Then a sixth alarm sounded, signaling a discrepancy between the
volume of oil entering and exiting the pipeline.

At first, the control room operators weren't particularly concerned, according to a control room timeline [18] and other documents
recently released by the National Transportation Safety Board, or NTSB. They thought a large bubble had formed between batches of
crude, a problem that often resolves itself. They figured the bubble would last until they restarted the pipeline early Monday morning.

The operators were so confident of their diagnosis that when their 12-hour shift ended at 8 p.m. they didn't mention the six alarms to
their replacements, according to [19] the NTSB documents.
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Back in Calhoun County, however, noxious odors were beginning to permeate the summer night. At 9:25 p.m. local residents started
dialing 911 [20]. One complained about a "very, very, very strong odor, either natural gas or maybe crude oil." Another described a
house "asphyxiated with the gas smell" and asked if it was safe. Firefighters and local utilities checked the area for gas leaks, but
found nothing. A Michigan Gas technician reported that he smelled petroleum.

The 911 calls continued as Sunday slipped into Monday.

At 4 a.m., controllers in Edmonton restarted the pipeline as scheduled and pumped oil up the line with the force of a firehose. Over the
next hour, six more alarms went off.

At approximately 5 a.m., they shut 6B down again.

A pipeline analyst in the control room said 6B should be started again with more pressure, so oil would fill the line and overcome the
bubble they thought was triggering the alarms.

"l guess there's two choices here, either consider it a leak or try it again?" the control center operations supervisor said.
"Just call it a false alarm," the analyst said [21].

As they prepared to restart the line for a second time, one of 6B's operators said he thought there was a leak. But others disagreed,
and at 7:10 a.m., 6B's pumps kicked into gear again.

Four more high-priority alarms sounded as pumping continued for at least 45 minutes.

At 7:48 Monday morning—about the time Lorraine LaForge was telephoning John to tell him the smell near their house was even
worse—the shift leader called for almost doubling pressure on 6B. But the extra power wasn't available, so they shut down the line
again.

Two of the control room operators agreed they had never experienced a situation quite like this.
"Whatever, we're going home and will be off for a few days," one of them said [22]. They left the control room a few minutes later.

The next shift took over, aiming to restart 6B as soon as extra power was available so they could clear what they still thought was a
bubble from the line. At 9:49 a.m., they heard some reassuring news from Marshall: The Enbridge electrician who inspected the pump

station and general vicinity hadn't detected any leaks or unusual odors [23].

The leak wasn't discovered until 11:17 a.m., when an employee for a Michigan utility company called Enbridge's emergency number
with the bad news. Oil was pouring into Talmadge Creek, about three-quarters of a mile from the pump station, he said [24].

At 11:45 a.m., an Enbridge employee arrived at the site and confirmed the leak [25].

InsideClimate News asked Enbridge to answer a question that the NTSB timeline raises: If the company didn't know about the leak
until 11:17 a.m., why had its workers gone to the LaForge residence at 10 a.m. and tested the air in the family's home?

A company spokesman said he couldn't answer that question, or any other question about the chronology of events, while the NTSB's
investigation is ongoing.

*kkk

Pipeline operators are required to report spills to the National Response Center in Washington, D.C. "at the earliest practical
moment" following "discovery of a release." This notification is considered crucial to any cleanup response because the NRC alerts
state and federal agencies to unfolding disasters.

Enbridge first tried to contact the NRC just after 1 p.m. [26], according to the NTSB documents. The company had already alerted [27]
its own public affairs office in Houston about the spill 15 minutes earlier.

Because the NRC line was busy, Enbridge didn't get through until 1:33 p.m.—almost two hours after it had confirmed the spill and
more than three hours after Enbridge workers urged the LaForges to leave their home. The company reported a spill of 819,000
gallons of ail.

Three minutes after Enbridge finished talking with the NRC, the center had contacted 16 agencies [28].

By this time, the same oily muck that had darkened the LaForges carefully tended lawn was sloshing over the banks of Talmadge
Creek and coating tree trunks, flowers and soil along the Kalamazoo River. Jay Wesley, a fisheries specialist with the Michigan
Department of Natural Resources, was already on the scene, trudging along the floodplain and collecting oil-coated muskrats and
turtles in cardboard boxes and plastic bins.

Everything reeked of petroleum. Residents were on edge.

Deb Miller was driving home from her event-planning job in Battle Creek that evening when she saw several hundred people clustered
on 12 Mile Road bridge. The bridge across the Kalamazoo River is in the village of Ceresco, about five river miles west of John
LaForge's home. It offers a dead-on view of the Ceresco Dam, a local landmark.

Miller and her husband, Ken, had raised their two daughters in Ken's childhood home, which sits just 300 feet below the dam. They
had built a deck off the back of their nearby flooring and carpeting business so they could enjoy watching fish swimming just under the
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river's surface.

The crowd parted so Miller could inch her car across the bridge and turn into her driveway. An overpowering odor of boiling hot
asphalt assaulted her nostrils before she even opened the car door.

Miller joined the spectators on the bridge. Together, they watched an alarming brown mist rise as river water the shade of a dark
chocolate malt tumbled 13 feet over the dam.

"We knew instantly by the smell and the color of the river that something had happened," Miller said, wrinkling her nose at the memory.
"And whatever it was, it was huge."

*kkk

Enbridge rushed workers to the creek as soon as the spill was confirmed. But even as they positioned absorbent boom on the water's
surface and dug culverts to divert the oil, they suspected they wouldn't be able to stop it from surging into the river just a couple of
miles away. Flooding from four days of heavy rain made the oil-soaked water almost impossible to contain.

The 175-mile Kalamazoo River is a treasured recreational area. After the federal Clean Water Act was passed in 1972, paper mills,
wastewater treatment plants and other polluters had been forced to rein in their once-deadly discharges. Some stretches were so
pristine that canoe paddlers could feel transported back to the 18th or 19th century. If rivers had personalities, Wesley, the fish expert,
would have classified the pre-spill Kalamazoo as "natural and wild." In 2000, he and a team of scientists had documented it as home
to 102 species of fish, 23 species of mussels and clams, 218 species of birds, 40 species of mammals and 40 types of amphibians
and reptiles.

Keeping the oil out of this important resource was crucial. But the EPA, which was taking command of the cleanup, was also looking
at the bigger picture.

The Kalamazoo is not a drinking water source. But about 115 river miles west of Marshall it empties into Lake Michigan. Together with
the other four Great Lakes, Lake Michigan provides drinking water for at least 26 million Americans and close to 10 million
Canadians. If the lake became contaminated, a local disaster would escalate into a regional catastrophe.

The EPA and Enbridge also worried about a stretch of the river near the city of Kalamazoo, about 43 river miles west of Marshall.

Polychlorinated biphenyls, better known as PCBs, were embedded in the river where a factory had dumped them years ago. The area
had been declared a Superfund site, and nobody was sure what might happen if oil mixed with PCBs, which are known carcinogens.

The cleanup teams had two advantages as they planned their strategy. The break had occurred just minutes from Enbridge's
maintenance facility in Marshall, so some cleanup equipment was immediately available. Marshall is also close to Interstates 94 and
69, so more apparatus could be trucked in quickly from Battle Creek, Kalamazoo, Lansing, Detroit and Chicago.

Dozens of federal, state and local officials converged at a makeshift command center in an Enbridge building near the center of town.

Durk Dunham, Calhoun County's emergency management services director, was confident this would be a quick in-and-out operation.
He figured vacuum trucks would quickly remove the oil and everybody would be home for dinner that night.

But when Dunham surveyed the devastation from a helicopter later Monday—and saw pure black instead of a ribbon of river—he
realized his initial assessment was wrong. His eyes teared up when he saw the extent of the devastation.

"It was heartbreaking," he said. "There wasn't much being said on that helicopter.”

By the time Jim Rutherford, Calhoun County's public health officer, arrived that afternoon from his office in Battle Creek, the oil had
overwhelmed the creek. Despite the best efforts of the cleanup crews, it was surging into the Kalamazoo River.

Rutherford, just two years into his job, was bewildered by what he saw. He and his staff were prepared to deal with tornadoes and
other severe weather but they knew next to nothing about oil spills. Until that afternoon, Rutherford hadn't even known that an oil
pipeline passed near Marshall.

"We were pressing Enbridge as to what their plans were," he said about those early chaotic hours at the command center. "They only
had a middle manager there and he was like a deer in the headlights. Yes, EPA was there, but we really needed Enbridge to call the
shots."

The officials had two questions to answer—fast.

Could a spark ignite a chemical explosion—a major concern at any oil spill? And did the vile-smelling air pose a health risk for nearby
residents?

Answering the first question was relatively easy. Using monitors that measured the mixture of oxygen and hydrocarbons in the air, the
EPA determined that the likelihood of an explosion was low to non-existent.

Finding a definitive answer to the second question was more daunting.

Every type of crude oil, including diluted bitumen, is made up of hundreds of chemicals, and many of them evaporate into the air after
a spill. Scientists don't fully understand how some of these chemicals affect humans. During a congressional hearing on the spill, Scott
Masten, a scientist at the National Institute of Environmental Health Sciences, would testify [29] that "the potential for human health
effects exist. However, understanding and quantifying these effects requires further study. There has been relatively little long-term
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research into the human health effects from oil spills."

One chemical commonly found in crude oil—benzene—is of particular concern, because it can cause health effects at low
concentrations and over short periods of time. Studies have shown that people regularly exposed to benzene for several years can
develop leukemia and other cancers.

The Natural Resources Defense Council and other environmental organizations have long contended that dilbit contains more
benzene than conventional oil, but it's hard to know whether that's true. Little research has been done on dilbit, and most of that work
was conducted by the industry and is considered proprietary information.

Workers with the EPA and Enbridge joined Michigan health officials in using an assortment of hand-held monitors to check the air for
benzene, a standard procedure at any big oil spill. Some types of monitors, which they usually had access to, weren't available that
first day because they were still at the BP oil spill.

The readouts in Marshall fluctuated dramatically. The monitors detected benzene levels that ranged from below 50 parts per billion
(ppb) to as high as 200 ppb. Some alarming spikes—6,250 ppb and even 10,000 ppb—showed up over patches of oil on the water
and away from homes.

Rutherford huddled with federal and state health experts to try to figure out what these numbers meant. Should they evacuate the
hundreds of people who lived near the river?

As Calhoun County's health director, Rutherford was responsible for making that decision. But he felt overwhelmed. Until now, his
primary focus had been coordinating food inspections and school nurse programs for the county's 136,000 residents. His health
department didn't have access to monitoring equipment. In fact, only one of his 70 employees is dedicated to emergency
preparedness.

"People need to understand that at a local level, we're totally dependent on state and federal resources in a situation like this," he said
recently. "That's a reality."

For help, Rutherford turned to the federal and state health experts, people he would later describe as his "superheroes." But they
couldn't provide any easy answers because no federal benzene guidelines applied specifically to their particular crisis.

The federal Agency for Toxic Substances and Disease Registry calculates [30] that an average person can be exposed to 6 parts per
billion of benzene—the rough equivalent of two tablespoons of liquid in an Olympic-size swimming pool—for up to a year without long-
term health effects. The agency uses 9 ppb as the benchmark for up to two weeks exposure.

Another set [31] of benzene guidelines, drawn up by a coalition of federal agencies, is usually used for workers dealing with a short-
term emergency. Those guidelines say [32] that people can be exposed to up to 200,000 ppb for eight hours without increasing the
risk of long-term health effects.

The health experts who gathered in Marshall weren't exactly sure how long the benzene would linger, but their expertise told them it
would be longer than eight hours but shorter than two weeks—and definitely less than a year. So what were they to do?

People were already calling Rutherford's office, local hospitals and the Poison Control Center to complain about headaches, sore
throats, nausea and vomiting—all symptoms that the Centers for Disease Control and Prevention has linked to benzene exposure. But
other, less dangerous chemicals found in oil can also cause those symptoms.

For more accurate data they needed air sampling equipment, which requires more time to produce results but is more sophisticated
than hand-held monitors. Mark Durno, an EPA deputy incident commander for the spill, said that the EPA team, veterans of many oil
spills, considered this an ordinary spill and saw no need to rush sampling equipment to Marshall on Monday.

Late Monday Enbridge gave the EPA a Material Safety Data Sheet, or MSDS, a federally mandated document required for
hazardous substances that are transported or used in a workplace. But the three-page MSDS [33] didn't offer much guidance.
Nowhere did it mention "bitumen" or "diluted bitumen" or "dilbit." The only clue that the oil in 6B might be different from conventional oil
were references to "diluent" and "condensate," two terms that refer to the chemicals added to dilute the bitumen. But nobody seemed
to recognize that the words indicated this was not ordinary crude.

Durno said the MSDS confirmed their assumption that 6B was carrying regular heavy crude oil. The EPA had supervised the cleanup
of almost 8,400 spills since 1970, and the Enbridge supervisors at the scene did not hint that this spill might be different.

Rutherford and the other health care experts considered everything they had seen and learned that day. They agreed that an
evacuation wasn't needed—at least not yet.

The monitoring was still continuing as Rutherford drove home in the wee hours of Tuesday morning. He pondered how long the oil
would dirty the river of his childhood—and how far he would have to travel to outpace the hideous stink that soured the still summer air.

"It was kind of numbing, like being in a dream," he said. "Were we ever going to be able to get a handle on this?"
Researcher Lisa Schvariz and InsideClimate News intern Kathryn Doyle contributed to this report.

Correction: This story has been corrected to reflect that BP's Macondo well was capped on July 15, 2010, ten days before the
Enbridge spill occurred.

© InsideClimate News
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Days of confusion followed the spill. Officials thought they were cleaning up ordinary crude. It was
an erroneous assumption Enbridge did not correct.

Jun 27,2012
By Elizabeth McGowan and Lisa Song, InsideClimate News

Technicians prepare pipe before cutting and removing the section from the Enbridge pipeline oil spill site near Marshall, Mich. Credit:
EPA

[1] Tweet £ 1

On Tuesday, July 27, 2010—the day after the biggest pipeline spill of Canadian dilbit in North America was detected—oil was still
streaming from Talmadge Creek into the Kalamazoo River near Marshall, a community of 7,400 in southwestern Michigan. Some
people had fled their riverside homes because of the overwhelming smell, like burning tar.

Sixinches of rain between Thursday and Sunday had turned the normally sedate river into a roiling brown torrent that overflowed its
banks by several feet. The creek, usually only five or six feet wide and a foot deep, was at least 100 feet wide.

The EPA officials who had gathered in Marshall still thought they were dealing with the light crude oil that usually flows through U.S.
pipelines. As veterans of other spills, they were certain they were prepared for this one.

What they didn't know yet was that 6B, the pipeline that ruptured, was carrying bitumen from Canada's tar sands region. Bitumen is the
heaviest oil in use today and is too thick to flow through pipelines. To remedy that problem it is thinned by about 30 percent with liquid
chemicals, usually including benzene, which can cause cancer in humans.

This diluted bitumen, or dilbit, is the same type of oil that would be carried on the 1,702-mile Keystone XL pipeline if the controversial
project is approved. When dilbit spills, most of the added chemicals evaporate, leaving the heavy bitumen to sink in water.

Pipeline 6B is owned by Enbridge Inc., Canada's largest transporter of crude oil. Enbridge's president and chief executive officer,
Patrick Daniel, perpetuated the mistaken belief that this would be a routine cleanup. On Monday, Daniel had flown in from Enbridge's
Calgary, Alberta, headquarters in the company jet. In an interview the next day, he said much of the oil could be sucked off the water's
surface with vacuum trucks and that only a "minuscule” amount might sink below the surface.

"To tell you the truth, it's lighter than water so it sits on top of the water," he said [2].

Days of confusion followed the spill, with federal and state officials basing their cleanup decisions on the erroneous assumption that
the oil was ordinary crude. It was an assumption that Enbridge did not correct. Federal regulations do not require pipeline operators to
disclose the specific type of crude oil their lines carry. The nonprofit Pipeline Safety Trust and other organizations have urged the
government to change that policy since Canadian dilbit was first pumped into the United States more than a decade ago.

Two deadlines the EPA set Tuesday reflected the agency's confidence in a quick turnaround. Enbridge was ordered to clean up the
wetlands near the broken pipeline by Aug. 27. The creek, the river and all shorelines were expected to be oil-free by Sept. 27. Both of
the orders mentioned only oil—not dilbit.

The agency's overarching objective was keeping the oil from reaching the spot where the Kalamazoo empties into Lake Michigan,
about 115 river miles west of Marshall. Together with the other four Great Lakes, Lake Michigan is a drinking water source for at least
26 million Americans and almost 10 million Canadians.

The EPA was also concerned about a Superfund site near the city of Kalamazoo, about 43 river miles west of Marshall.
Polychlorinated biphenyls, better known as PCBs, were embedded in the river, and nobody was sure what would happen if oil mixed
with PCBs, which are known human carcinogens.

While the scientists worried about protecting Lake Michigan from the oil, health experts fretted about the oil's effect on people living
along the Kalamazoo's banks.

Benzene readings picked up by hand-held monitors were still swinging wildly. Readings ranged from less than 50 parts per billion, a
level that didn't worry the health experts, to 3,000 ppb. The highest readings were in areas where oil was being recovered.

Jim Rutherford, Calhoun County's public health director, huddled with state and federal health experts. They had no idea how long the
benzene would linger. And they still hadn't found any clear guidelines on whether people should be evacuated in these circumstances.

Finally they decided to create their own benchmark for evacuation, based on their analysis of the available scientific information.
The Michigan Occupational Safety and Health Administration lists 500 ppb as the workplace benzene limit. Using that standard, plus
the federal standards they had studied earlier—and taking into account differences between workers and a general population that
included children, the sick and the elderly—they decided on Wednesday to set 200 ppb as the benchmark for evacuation [3].

Rutherford would order an evacuation Thursday if monitors continued to show benzene readings of 200 ppb or above, they agreed. As
the county health director it was also up to him to make the final call and to decide if it should be a mandatory or voluntary evacuation.

That Wednesday night, before Rutherford headed home, the EPA reported that the size of the spill was at least 1 million gallons. That
figure exceeded Enbridge's Monday estimate of 819,000 gallons.

Even after three days of working double shifts, sleep didn't come easily for Rutherford that night.
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At home, he walked for miles under the stars, sorting out his burdens. Being thrust into the limelight as a local health official was scary.
He knew some people thought he wasn't acting quickly enough. But they weren't in the war room grappling with a multitude of
unknowns. Was it practical, or reasonable, to displace elderly people and families with young children when hotel rooms were already
at a premium because of the enormous influx of cleanup workers? Plus, he and the other health professionals didn't have any hard
scientific evidence that temporary exposure to 200 ppb of benzene did, indeed, pose a danger.

All along, his priority had been to protect people's health, not compound the chaos the spill was already causing.
"You can't just evacuate an entire county," he said recently, recalling those days of indecision. "lt's easier said than done."

Rutherford walked until long past midnight, rehearsing how he would deliver the news if benzene levels were still high on Thursday.

*hkk

The next morning he saw the test results that had come in during the night and knew what he had to do.

Although benzene levels were generally dropping, hand-held monitors still showed levels of 200 ppb or higher at some locations. Most
of the readings had dropped below the level of concern, but there also were single measurements of 200 ppb, 250 ppb, 500 ppb and
1,350 ppb.

The more sensitive sampling equipment had arrived, and the first results would be ready later that day. But Rutherford decided not to
wait. It was time to call a press conference and start evacuating people.

Residents of 61 riverside homes north and northwest of the rupture site were asked to leave because of "higher than acceptable
levels of benzene." It was a voluntary [4], not mandatory order, because Rutherford didn't want to have to force people from their
houses.

Rutherford also announced that people living within 200 feet of the river between Talmadge Creek and the Kalamazoo County line
shouldn't use their well water for cooking or drinking. Tests showed no evidence of groundwater contamination, but he didn't want to
take any chances. Enbridge agreed to provide bottled water.

Workers from the county and state health departments fanned out along the river to deliver the evacuation notices in person. If nobody
was home, a notice was stuck on the front door.

Twenty-seven households in the evacuation zone refused to leave. But more than 100 families outside the zone moved out—some of
them driven out by the stench before the evacuation was announced.

The evacuation notice offered hotel options, told them how to arrange accommodations for their pets, and encouraged them to save
their receipts, so Enbridge could reimburse them. Enbridge also offered to help the uninsured with medical bills, whether they
evacuated or not.

Rhonda Stepp, an administrative assistant at Marshall High School, learned her house was in the evacuation zone when her retired
husband called her at work. She hurried home so they could gather a few belongings before heading to her parents' house in Battle
Creek.

"When they tell you to pack up what can't be replaced, you're just thinking, 'Oh my God, what do | take?™ Stepp said. "I took pictures off
the wall and the contents of our safe."

On the day the evacuation began, Enbridge gave EPA officials and other responders at the command center a second Material
Safety Data Sheet [5]. Like the first MSDS, it didn't mention dilbit. Again, Enbridge did not volunteer that information.

Mark Durno, the EPA deputy incident commander, said in a recent interview that if Enbridge had provided more specific information
about the chemical makeup of the oil, the EPA would have rushed sampling equipment to the scene so sampling could have begun
Monday.

Environmental organizations contend that dilbit contains more benzene than conventional oil. But it's difficult to determine if that's true.
Most of the research conducted on dilbit has been done by the industry and is considered proprietary information.

The first air sampling data arrived from the lab that afternoon. It confirmed what the hand-held instruments had already indicated—
although most of the benzene levels were below 50 ppb, some were as high as 550 ppb. Readings taken next to oil recovery sites
ranged from 1,450 to 10,000 ppb.

The EPA was able to deliver one piece of positive news on Thursday. Although the oil had spread through more than two miles of
Talmadge Creek and about 36 miles of the river, workers had managed to stop it before it reached the city of Kalamazoo. That meant
that the PCBs buried in the river at the Superfund site wouldn't be disturbed—and that the drinking water so many people depended
on from Lake Michigan was no longer at risk.

Susan Hedman, who directs EPA Region 5 in Chicago, was upbeat when she spoke with reporters on Sunday.

"lam happy to report significant improvement of the spill site, at the creek and the river," she said [6]. "Oil continues to be removed
and we have not seen any further contamination.”

*kkk

Enbridge had dispatched 730 workers to Marshall by the end of the first week. That didn't include the hundreds of local, state and
federal experts still flocking to the scene. More than 69,000 feet of containment boom arrived, along with 43 boats, 48 oil skimmers,
79 vacuum trucks, 19 tanker trucks and 77 mobile storage tanks.

Helicopters zoomed overhead. Airboats plied the river. The grind of internal combustion engines added to the cacophony as transfer
trucks hauled goo sucked out of the river.

Deb and Ken Miller's tiny neighborhood in Ceresco had been transformed into a staging area complete with Dumpsters and a
temporary dining area for workers. An ambulance and a fire truck were stationed near the bridge on 12 Mile Road, where buses and
vans unloaded swarms of workers tasked with collecting oil. Decked out in white biohazard suits, they looked like space explorers.
Sheriff's deputies set up a barricade at the bridge, and residents traveling that route risked arrest if they didn't stop.

Enbridge moved the command post to Walters Elementary School. Workers propped up their laptop computers on cardboard boxes
and wedged themselves into chairs designed for grade-schoolers.

Daniel, the Enbridge CEO, apologized repeatedly for the damage his company had done in Calhoun County, where the rancid odors
of oil were still powerful. At meetings, one-on-one talks and media interviews, he reassured residents that the company was
committed "to cleaning up anything and everything" the oil had touched.
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"We are responsible for the cleanup and we will be here until you are happy in this community... that we have completed our
responsibilities," Daniel said [7].

Daniel promised John LaForge and several others who lived near the rupture point that Enbridge would "make them whole," by buying
or building them new homes away from the river.

The Millers declined Enbridge's offer to move to a hotel. The closest hotels were already booked and they needed to watch over their
store, their elderly dog and a homebound neighbor. To keep the stink at bay, they shut their windows and blasted the air conditioning.

Every time Deb Miller looked out her window, she fumed about the pain a broken oil pipe had inflicted on her community. She
wondered why so few local authorities had known of 6B's existence and worried about the impact the oil was having on neighbors up
and down the river. She was still taking oral chemotherapy as part of her treatment for breast cancer in 2002 and she wondered if
chemicals in the oil would compromise her health.

On Monday, Aug. 2, Miller and hundreds of other residents filed into the Marshall High School gymnasium for a public meeting
organized by the EPA. Enbridge provided carpeting, so the folding chairs wouldn't scratch the gym floor. But company officials weren't
invited to attend, because the EPA wanted to make sure, as it does after every such disaster, that the public understood that state and
federal oversight agencies were in charge of the cleanup, not the company that had caused the problem.

Hedman, the EPA Region 5 director who opened the meeting, was still upbeat.
"We will continue working until your river looks like this again," she said, showing a PowerPoint image of the pre-spill Kalamazoo.

Most of the audience applauded enthusiastically. But Deb Miller wasn't in any mood to clap. To her, it seemed people were
responding to wishful thinking rather than reality. She was dismayed that they weren't allowed to take the microphone and vent their
concerns. Instead, they were directed to the cafeteria, where booths had been set up so they could speak privately with various
officials.

In her one-on-one meeting, Miller told an EPA employee about a mass of oil that had accumulated in a river alcove near her carpet
store. The official listened attentively and promised to send workers to investigate.

Still, Miller headed home that night feeling she had wasted her time. She wanted someone to spell out what kind of financial
compensation would be available to those directly affected by the spill and she wanted to know when the oil would be cleaned up.

She also wanted assurances that the foul air wasn't jeopardizing people's health.

"We were given a spiel, then herded into areas to ask questions," Miller said. "We're not scientists. How do we know what to ask?
That's what made so many of us resentful, like you cannot trust that our federal government is going to tell you everything. We don't
know exactly what kind of oil is in the river and you have a gut feeling that they haven't been forthright.”

The day after the meeting, Enbridge rolled out a program to buy properties along the polluted section of the river and creek. More than
310 properties, about half of them homes, were eventually eligible. Owners were given a year to accept or reject the offer.

By then, the terrible smell was abating. Experts at the National Oceanic and Atmospheric Administration later said [8] most of the
chemicals that had been added to dilute the bitumen probably evaporated by Aug. 4.

*kkok

While Enbridge was reaching out to the community, it was also rushing to get 6B back on line. At least three U.S. refineries had been
forced to reduce production, because they needed 6B's oil.

The company was losing money, too. Though Enbridge spokespeople didn't want to discuss it, the company's annual report [9] states
that earnings were down $85 miillion in the second half of 2010 for costs associated with the 6B spill.

Extricating the ruptured pipeline from the oil-saturated wetlands near John LaForge's home took more than a week. The two 20-foot
pieces were trucked to the National Transportation Safety Board facility in Ashburn, Va., so they could be studied as part of the spill
investigation. Enbridge pulled new pipe from its stock in Marshall and welded it into place.

On Aug. 9, two weeks after the spill occurred, Enbridge asked the Pipeline and Hazardous Materials Safety Administration (PHMSA)
for permission to restart 6B.

PHMSA rejected the request [10] less than 24 hours later.

The plan lacked "sufficient technical details ... to permit a conclusion that no immediate threats are present elsewhere on the line that
require repair prior to any re-start of the pipeline," PHMSA said inits letter to Enbridge. The agency wouldn't approve [11] any restart
plan that "did not include excavating and exposing additional pipe and repairing or replacing additional pipe as necessary."

Among the flaws PHMSA listed was Enbridge's failure to "determine, investigate and remediate as necessary, at least four additional
anomalies in Line 6B" that were similar to conditions near the spot where the Marshall leak occurred. Line 6B had several hundred
corrosion defects and Enbridge had exercised its legal option to reduce pressure while it decided whether to repair or replace the
line.

On Aug. 10, the Millers temporarily closed their carpet and flooring business. With the road in front of their store blocked off because
of the cleanup, customers couldn't reach them.

By then, volunteers and workers were removing oil [12] from 83 turtles, 66 Canada geese, 12 ducks, three swans and four muskrats at
a vacant warehouse Enbridge had turned into a rescue center. They had already cleaned and released 22 turtles and a frog.

More than 99,000 feet [13] of boom was now positioned in 37 spots between the creek and Morrow Lake. Another 250,000 feet of
boom was ready—just in case.

kkkk

On Aug. 17, Rutherford, the county health officer, lifted the July 29 voluntary evacuation order because benzene readings were
consistently below 6 parts per billion. He advised riverside residents to continue using bottled water for cooking and drinking.

At about the same time, cleanup crews began to notice something they hadn't seen at spills involving light crude oil.
The surface of the river was clearing in some places, a sign of progress. But when an EPA employee disturbed a clear patch of water

near Morrow Lake—the dammed lake west of Marshall where they had finally stopped the oil—he noticed that tiny flakes of tar floated
to the surface and formed a small oil sheen.
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Click on map to enlarge

Map of the rupture site and Kalamazoo River

[14]

Closer to Battle Creek, crews with the Michigan Department of Natural Resources also noticed an odd phenomenon. When they
disturbed the sediment at the river's bottom with their hip waders, globules of tarry oil popped up and created similar but larger
sheens.

To determine whether these were isolated incidents or signs of a deeper problem, workers lowered absorbent material wrapped in
chicken wire into the river to see what it captured. They also shook up the sediment with hand-held poles to see what floated to the
top.

They were shocked by what they learned. Tar balls the size of marbles were being swept along the river's bottom with the clay, sand
and other organic material that is normally caught up in river currents. Basically, the tar balls were bouncing downstream, stopping only
when a deep pool, an eddy or a man-made barrier like a dam halted the ride. At low points in the riverbed, they were settling into as
much as six inches of sediment.

Mark Durno, who has 20 years of experience with the EPA, had never seen anything like it.

"We had no idea sinking oil would be such a problem," Durno said. "Not only was this material submerged but it was mobile and
moving along the river bottom."

Atfirst, the scientists thought they could mount sonar or other high-tech instruments on boats or helicopters and map exactly where the
oil had sunk. But the depth of the river, the type of sediment and the nature of the oil made that impossible.

Instead, teams of specialists had to resort to the laborious process of manually recording every square inch of the oiled river. Wielding
hand-held poles, they poked the sediment to gauge how much oil they found. Each point was assigned a GPS (global positioning
system) reading and added to a GIS (geographic information system) database. Using this digital map they could estimate the oil's
footprint and volume. Over time, they could see where it moved and measure the effectiveness of their cleanup techniques.

This unusual twist in the cleanup operation was discussed at daily meetings attended by Enbridge and the government agencies
supervising the cleanup. But Durno, who attended all the meetings, said Enbridge never volunteered the information that the oil was
not light crude but Canadian dilbit.

What was happening at the spill site is now clear. After 6B ruptured, the liquid chemicals that had been added to dilute the bitumen
began evaporating, and the heavy bitumen began sinking. When the surface of the river started clearing, it wasn't necessarily because
the oil was gone, but because it had disappeared from sight.

The Natural Resources Defense Council, a powerful advocacy organization that opposes the Canadian tar sands industry as well as
the Keystone XL pipeline, already suspected that 6B was carrying bitumen from Western Canada's tar sands fields.

Kari Lyderson, a former Washington Post reporter who was writing for the NRDC's quarterly magazine, spoke with Enbridge's Daniel
[15] several times in August and asked [16] if the oil in 6B was tar sands oil, or bitumen. She said he told her [17] several times that it
was not.

In a teleconference call [18] with Lyderson and other reporters, Daniel implied that the oil in 6B wasn't tar sands oil because it had
been extracted by steam distillation rather than mining. On that same call, however, he acknowledged that the oil was so thick that it
had to be thinned by a third with light crude before it could be pumped through pipelines.

The NRDC attacked Daniel [17] for "trying to be cute with his language.”

A few days later, the CEO backpedaled on the tar sands issue. "What | indicated is that it was not what we have traditionally referred
to as tar sands oil," he told the Michigan Messenger [19]. "If it is part of the same geological formation, then | bow to that expert
opinion. I'm not saying, 'No, it's not oil sands crude. lt's just not traditionally defined as that and viewed as that."

As far as the EPA was concerned, the semantics of the debate didn't matter much. What did matter was the challenge the agency now
faced. Bitumen lay at the bottom of a major U.S. river, a river that also happened to be at flood stage because of recent rains. The oil
had to be removed. But how could they complete that cleanup mission without destroying the waterway they were trying to save?

Less than a month after the dilbit spill in Marshall, Enbridge's image took another knock. On Aug. 17 the Pipeline and Hazardous
Materials Safety Administration fined the company $2.4 million for violating safety regulations on a pipeline in Clearbrook, Minn.,
which like 6B is part of the company's Lakehead system. It involved a November 2007 incident in which two company employees
were killed after repairs caused leaking crude oil to ignite. PHMSA said [20] "Enbridge failed to safely and adequately perform
maintenance and repair activities, clear the designated work area from possible sources of ignition, and hire properly trained and
qualified workers."

The company received even more public scrutiny when the initial Aug. 27 deadline for cleaning up the Marshall spill came and went,
unmet. By then, however, the EPA was beginning to understand why Enbridge was so far behind.

"It's safe to say we had a set of circumstances that combined to give us some challenges," said Ralph Dollhopf, who was leading the
agency's efforts in Marshall. "At the onset of something like this, you rarely have details on the scope of work required. As Enbridge
progressed, we learned how much oil was out there."

Researcher Lisa Schvartz and InsideClimate News inter Kathryn Doyle contributed to this report.

© InsideClimate News
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'Hearing the oil being described as a totally different product knocked my feet out from under me,’
Miller recalls. 'What else have they lied to us about?"

Jun 28, 2012
By Elizabeth McGowan and Lisa Song, InsideClimate News

Response operations near the source of the spill on Talmadge Creek near the Kalamazoo River, Aug. 1, 2010. The EPA first
estimated that the cleanup would take two months, but more than 35 miles of the river remained closed to the public for almost two
years. Credit: EPA

(1]

As the fall of 2010 approached, John LaForge could still smell tar when he drove by his old house with the windows of his truck rolled
down.

LaForge had lost hope that he and Lorraine would someday return to the house on Talmadge Creek where they had raised four
children. Tire tracks from heavy equipment had scarred and muddied the lawn LaForge once tended so carefully.

The cleanup of North America's biggest dilbit pipeline spill was behind schedule and LaForge's property in southwestern Michigan,
about a quarter mile from where an Enbridge pipeline had split open on July 25, was ground zero. More than 2,050 workers had
flocked to Marshall, a community of 7,400. Parking was such a hassle at Kate's Diner, where he ate breakfast before work, that he
worried regulars would stop patronizing the restaurant.

LaForge began negotiating with Enbridge for the company to buy his property. In September, he and Lorraine, along with their
daughter and her three young children, left the two hotel rooms they'd shared for 61 days and rented a house while they looked for a
place to buy. Enbridge footed the $12,000 hotel bill and agreed to pay their rent. All the moving was taking a toll on Lorraine. She was
still recovering from the emergency gallbladder surgery she'd undergone while they were living in the hotel.

The LaForges salvaged photographs, dishes and hardwood furniture from their home of 28 years. But the oil stink had permeated
their mattresses, clothing, books, toys, rugs and upholstered furniture. They left it all behind.

"How do you replace your granddaughter's little dress from her first day in kindergarten?" LaForge said, looking back on that difficult
transition. "You put your sweat and heart into a place and then somebody comes along and destroys it. If's painful.”

The spill was adding stress to Deb Miller's life, too.

She and her husband, Ken, finally re-opened their carpet and flooring store in October, two months after the spill forced them to shut it
down. They had no intention of selling their house or business, even though both buildings were located near Ceresco Dam, another
focal point of the cleanup. Enbridge offered to pay their rent if they temporarily relocated their business, but the offer didn't cover the
cost of moving their inventory. The Millers said no. Instead, they accepted an "inconvenience" payment for lost income.

Watching the cleanup drag on was turning Miller into an activist. Her bout with breast cancer had sensitized her to health issues, and
she feared that the toxicity of the oil might have jeopardized residents and emergency responders in ways that scientists didn't
understand. She filled a three-ring binder with 8-by-10 color photographs documenting the mess at the dam and carried it to meetings
and strategy sessions with neighbors.

"First responders are our neighbors, our dads and our brothers," she said. "What training were they provided? Our local agencies
were tasked with responsibilities they were in no way equipped to handle."

In mid-September, Miller took her photos to Washington, D.C., where she and five other Calhoun County residents testified before the
House Transportation and Infrastructure Committee. The chairman, Jim Oberstar, was a Democrat from Minnesota, where another
section of Enbridge's Lakehead pipeline system is located. Two representatives from Michigan served on the committee: Mark
Schauer, a Democrat who represented the Marshall area, and Candice A. Miller, a Republican from the eastern part of the state.
(Candice Miller is not related to Deb Miller.)

It was Deb Miller's first trip to the nation's capital. She was nervous, but determined to be heard. She labored almost three weeks on
her 19 pages of testimony. Congressional staffers had told Miller and her neighbors to "write from the heart."
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"l knew | had to do what | had to do," she said recently. "My message was that 'm not going away. We told our stories because
somebody had to put a face on what the impact of this spill was."

The Sept. 15 hearing in the Rayburn House Office Building lasted seven hours. EPA Administrator Lisa Jackson was among the
witnesses. So were National Transportation Safety Board Chairman Deborah Hersman and Enbridge CEO Patrick Daniel.

Miller sipped water to control the nagging cough she'd had since the spill.

"lwas an innocent bystander," she said [2]when it was her turn to sit behind a microphone and address the committee. "l did not
choose to breathe that foul air. | did not choose to lose a summer to ... vacuum trucks, fan boats, and helicopters and strangers on my
riverbank, not to be able to utilize our pool in our back yard for lack of privacy. | did not choose to close my business, and | certainly did
not choose to watch the geese struggle while covered in oil. Enbridge made that decision for me.

"I sincerely hope this spill will ensure that you (Enbridge) will be more responsible with the maintenance of all of your pipelines, even if
it means replacing them all," she added. "l pray they will remain closed until that can be determined how safely to restart them."

Another Calhoun County resident, Michelle BarlondSmith, told the committee that when she and other residents of a Battle Creek
trailer park sought health care for spill-related symptoms, an Enbridge representative told them they had to sign a waiver form [3].
They later learned that the form gave the company access to their entire medical histories.

The trailer where BarlondSmith lived with her husband, Tracy, was just 200 to 300 feet from the oiled river, she told InsideClimate
News. They spent several weeks at a hotel to escape the stench, which she said made her feel dizzy and sick to her stomach.

In a transcript of the testimony, Schauer, the representative from Battle Creek, asked BarlondSmith [4] if she was comfortable with the
company having access to her medical records.

Ms. BARLONDSMITH: To be very frank with you, one of the side effects that you have with this is you do not think clearly... I read over
it twice very quickly. I gave it to my husband. He glanced at it because he was going to go to the doctor also.

Mr. SCHAUER: He is not an attorney, | take it, or a health care provider?

Ms. BARLONDSMITH: Unfortunately, he is not an attorney and | wish he was. But | signed it because | was told if you wanted to see
the doctor, you must sign this.

Schauer grilled Daniel [5], the Enbridge CEO, about the medical release form. Schauer and Oberstar had sent a letter [6] to Daniel on
Sept. 1, demanding that Enbridge stop asking uninsured residents to sign the waiver.

Mr. SCHAUER: So have you stopped the use of this form?
Mr. DANIEL: | don't know that offhand. | can get back to you and confirm that.

Mr. SCHAUER: Well, and | also request—and | think | requested this in writing—that you rescind all of those that have been signed.
Would you agree to do that?

Mr. DANIEL: Yes.
Mr. SCHAUER: Thank you.

Rep. Candice Miller pressed Daniel [7]about a defect on a section of 6B in her district where the pipeline is buried under the St. Clair
River, a vital drinking water source for northern Michigan.

The dent had been identified in August 2009 and was serious enough to meet PHMSA's criteria for repair within 60 days. But 11
months later, it still wasn't repaired. And Miller wanted to know why.

In his testimony, Daniel explained [8] that because "the site is very difficult to access," Enbridge decided to lower the operating
pressure while conducting "a comprehensive engineering assessment.”

"The likelihood that that dent will cause a leak is very remote," he assured the committee. "It is smooth, without evidence of corrosion
or cracking. The pipe at that point is twice as thick as normal and is protected by concrete and engineered gravel. Nonetheless,
Enbridge is committed to replacing or repairing that segment of pipe, and we will submit our proposed plan to the regulator by the end
of this month."

Daniel also reiterated the promise he had made so often since he arrived in Michigan the day the spill was detected.

"l am personally committed and our company is committed to doing everything that we can to make up to the people in Marshall and
Battle Creek for the mess that we made," Daniel said [9]. "We are working very diligently to meet the September 27th deadline for
cleanup of the spill, in conjunction with the EPA and all of the coordinating agencies... You have my commitment that we will be there
to make your constituents happy that we have done the right job."

When Deb Miller's plane landed in Michigan that night, she was almost giddy after watching how committee members held Enbridge
accountable.

"I'm not naive enough to think that everything would be resolved that day," she said. "But | walked out of there with a ray of hope that
maybe somebody was listening."
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But Miller was scared, too. She'd always assumed that the oil that was polluting the river in her back yard was ordinary crude. But in
casual conversations away from the microphone that day, people had called it "diluted bitumen," a term she'd never heard before.

"Hearing the oil being described as a totally different product knocked my feet out from under me," Miller recalled. "My first reaction
was to cry. Then | wondered, "What else have they lied to us about?' To this day, that is why | am so frustrated with EPA and Enbridge.
Nobody knocked on my door and told me Iwas in danger."

Miller wasn't alone with her fears.

By early September, local residents had dialed the hotline Enbridge set up the day of the spill at least 9,400 times. The hotline, as well
as the county health office, local hospitals and the Poison Control Center, had been flooded with questions about what harm the stinky
air might be causing.

A survey [10] of four riverside communities that the Michigan Department of Community Health conducted within a month of the spill
found that almost 60 percent of the 550 people interviewed experienced headaches, breathing difficulties, coughs, vomiting, anxiety or
other health problems.

dkkk

The federal Pipeline and Hazardous Materials Safety Administration allowed Enbridge to reopen pipeline 6B on Sept. 27, two months
after the massive spill. The agency limited it to pumping 10.2 million gallons per day instead of 11.3 million gallons per day. But
Enbridge was back in business.

The cleanup wasn't proceeding as rapidly.

Enbridge missed its Sept. 27 EPA deadline—the one that required it to rid the creek, river and shorelines of all oil. A new deadline
was set for Oct. 31.

Close to 30 miles of boom was now positioned along the river. But more oil kept turning up. It saturated soil and plants along the
floodplain. It contaminated small islands along the river. It was embedded in up to six inches of underwater sediments.

"l truly believe the characteristics of this material is the reason we still have such a heavy operation out here," Mark Durno, the EPA
deputy incident commander, told Michigan Public Radio. "Because it was a very heavy crude, we ended up with a lot more
submerged oil than we anticipated having to deal with...If you'd shovel down into the islands you'd see oil pool into the holes we'd dig."

Durno had become a fixture at Pastrami Joe's, a popular deli. Twelve- and 16-hour workdays meant he stayed in touch with his wife
and two young children back in Ohio with text messages and brief phone calls. Every day, his wife e-mailed him photos of the home
remodeling project they had begun about the time of the spill. The way the cleanup was proceeding, he figured he wouldn't be leaving
Marshall any time soon.

Federal regulations require culpable parties—in this case Enbridge —to restore waterways to their pre-spill state. But how was the
company going to remove every bit of submerged oil from 36 miles of the river when it hadn't even been able to thoroughly clean more
than two miles of Talmadge Creek?

Tracking and removing the transient blobs of bitumen that had sunk to the bottom of the river was especially frustrating.

In October, the EPA directed Enbridge to experiment with dredging a three-acre area above the Ceresco Dam, which was inundated
with oil. Crews operating excavators dug for about three weeks and carted away 5,500 cubic yards of oil-soaked sediment, enough to
fill 27 semi-trailers. They also removed, decontaminated and then returned 14 million gallons of water to the river.

They managed to extract the bulk of the oil. However, that brutal but efficient operation wasn't an option elsewhere on the oiled river.
All of that gouging would destroy fish habitat and ruin underwater beds where mussels feed and breed.

Other traditional cleanup methods were also proving harmful.

Ripping out oil-coated islands and oil-ravaged logs and plants deprived fish of vital shelter. And the steady beat of waves caused by
so many boats on the water eroded the banks where muskrats and beavers burrowed for shelter.

Gradually, everybody agreed that they had to treat the river as a living organism, not as an entity to be conquered.

Enbridge began developing more gentle techniques. Workers on foot, in boats or in marsh buggies used rakes with metal tines,
rototiller blades, chain drags or air- and water-spraying wands to gently agitate the oil by hand. Then they vacuumed it up or collected
it with nets, booms and absorbent pads.

On average, the Kalamazoo is only about three feet deep, so instead of always using boats with standard engines that could tear up
the shallow river, Enbridge brought in flat-bottomed "airboats" powered by raised aircraft-type propellers and engines.

Progress was slow. Nobody was surprised when Enbridge failed to meet the EPA's Oct. 31 deadline for removing all submerged oil
from the river. A few days later, the company increased its estimate [11] of how much oil had spilled from 6B, from 819,000 gallons to
843,444 gallons.

But the news wasn't all grim.

On Nov. 5, Jim Rutherford, Calhoun County's public health officer, announced that people who lived near the river could once again
drink and cook with their well water. No pollutants had been found, although the testing would continue.
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Despite this reassurance, Deb Miller stuck with the bottled water. Instead of cooking her family's Thanksgiving dinner in Ceresco, she
moved the celebration to her younger daughter's house a few miles away.

By this time, Enbridge also had managed to skim, vacuum and sop up most of the visible oil in the creek and river. It was a small step
in the right direction, even though everybody was sure oil remained hidden in the waterways and floodplain.

EPA supervisors knew that Enbridge's first attempt to totally purge the creek of oil was a stopgap measure.

"It's kind of like doing an initial surgery," Ralph Dollhopf, the EPA incident commander, said about that effort. "it's done to get the gross
amount of oil and get the situation stabilized. We knew residual oil would be identified afterward and we'd have to come back to meet
long-term requirements."

The cleanup ramped down for the winter. By mid-December, only about 200 workers were on-site.

Before the year ended, Enbridge announced that it had been able to recycle 766,288 gallons of oil recovered from the spill site.
Instead of sending it to a landfill, the company was able to return it to the pipeline terminal in Griffith, Ind., where it was again pumped
through 6B.

*kkk

In the spring of 2011, teams of scientists continued the tedious process of mapping the submerged oil. The digital snapshot that
emerged confirmed their fears. Tar balls the size of marbles were still piling up in low spots on the river bottom.

Roughly 200 acres, an area about the size of 150 football fields, were still tainted with oil.

Three landmarks were identified as "oil magnets." One was above Ceresco Dam, next to the Millers' business, where they had
dredged in October. The second was near the dammed Mill Pond in Battle Creek. The third was at the delta of Morrow Lake, where
the river flows into a dammed recreation area before it reaches the city of Kalamazoo.

Click on map to enlarge

Map of the rupture site and Kalamazoo River

[12]

"The submerged oil is a real story, it's a real eye-opener," the EPA's Mark Durno told the Natural Resources Defense Council's
OnEarth magazine. "In larger spills we've dealt with before, we haven't seen nearly this footprint of submerged oil, if we've seen any at
all."

They were back to the problem they had started with: How would they tackle submerged oil that was a moving target?

John Soboijinski, the engineer who had supervised Enbridge's operation in Marshall since November 2010, said beating the river to
death didn't make sense.

"You would have to run bulldozers and excavators down 38 miles of river and take out everything to get every last bit of oil," Sobojinski
said. "The river would never recover."

Enbridge and the EPA devised a new plan that Dollhopf described as the "locate, clean up and repeat" approach. Instead of trying to
scour the entire river bottom, they would let the tar balls roll into the three spots the scientists had pinpointed as oil magnets. As the tar
balls accumulated, they'd go in and extract them. It was frustrating to have to wait out the oil, but the evolving science supported their
patience.

"At a minimum, we're writing a chapter in the oil spill cleanup book on how to identify submerged oil," was how Dollhopf described the
challenges they faced. "We're writing chapters on how it behaves once it does spill (and) how to recover it."

In some areas, Enbridge continued using the gentler cleanup techniques it had developed in the fall of 2010 to capture underwater oil.
But elsewhere crews also tried a more mechanized—and harsher—approach to agitate and collect the dilbit. They fitted excavator
buckets with rototiller blades, pulled chain drags and air- and water-spraying wands and rototiller blades behind boats, and equipped
pontoon boats with excavators that could pull chain drags.

In June 2011, the EPA gave Enbridge a new deadline: Finish the river cleanup by Aug. 31. But the company missed that deadline,
too. More than 800 workers remained on the job.

http://insideclimatenews.org/print/15564 16/ 19


http://insideclimatenews.org/sites/default/files/assets/2012-06/map_large.jpg

The Dilbit Disaster: Inside The Biggest Oil Spill You've Never Heard Of, Part 3 2015/05/27

The EPA's Susan Hedman no longer sounded so optimistic. "Capturing and cleaning up this heavy oil is a unique challenge," she told
reporters [13] a year after the cleanup began. "No one at the EPA can remember dealing with this much submerged oil in a river."

*kkk

As the cleanup slogged on, the people of Marshall were growing accustomed to the presence of the workers and the economic
benefits they brought to their litle community, which bills itself as the "City of Hospitality." Hotels were often full and workers were
spending money at the Stagecoach Inn, the Dark Horse Brewery and Schuler's Restaurant and Pub, a historic landmark downtown.

Enbridge—whose slogan is "Where Energy Meets People"—tried to solidify that feeling of goodwill by donating money to an
assortment of causes.

The company upgraded a park near Battle Creek that had been closed by the spill and paid for a new bridge between the park and a
large river island. It built fishing and boating piers at five other recreational sites and set up an endowment fund to maintain them. It
donated $100,000 to the Calhoun County Trailway Alliance's hiking trail project and promised another $100,000 if the alliance raised
matching funds.

Other gifts included $45,000 to United Way branches in Marshall, Battle Creek and Kalamazoo, $50,000 to the Marshall school
district and $20,000 to the county fairgrounds.

Most people appreciated Enbridge's efforts. The vice president of a local conservation club, which received about $25,000 from the
company, said that [14] despite the tragedy of the oil spill he thought Enbridge was "really attuned to the environment."

A woman who accepted what she described as Enbridge's "generous offer" to buy her home on Talmadge Creek said "Everything
they did was a class act. Everything."

Others, including Deb Miller, viewed Enbridge's generosity as a public relations gimmick.

"People say, 'Well, Enbridge is trying its best," Miller said while standing on the porch of her carpet business overlooking the river.
"Well, maybe its best isn't good enough. There's no end in sight. What's going to happen 10 years from now if the oil is still in the
river?"

In October 2011, Enbridge CEO Patrick Daniel was named [15] "Canada's Outstanding CEO of the Year." In a statement announcing
the honor, the president and CEO of Caldwell Partners, the law firm that founded the award, described Enbridge as "an exceptional
community supporter having invested in hundreds of charitable and non-profit organizations across Canada and the United States."

kkkk

On an unseasonably warm day in November, John LaForge drove with an InsideClimate News reporter past his old house near
Talmadge Creek. Using money from his settlement with Enbridge, he had built a new house—as well as pole barns for his excavating
and garbage-hauling businesses—four miles away. The family had moved in over the summer.

LaForge said he felt his settlement with Enbridge had been a fair one. But he still winced when he saw the cracks crisscrossing his
once-immaculate concrete driveway—and when he noticed that someone had cut down the flowering crabapple he and his wife had
planted in memory of their son, Justin, who died in a car accident at the age of eight.

From the vacant house he drove to a nearby neighborhood of ranches, colonials and luxury homes that had been built along the
Kalamazoo over the last several decades. He had excavated some of the basements.

As he navigated the long horseshoe-shaped road, he periodically pointed to empty houses that Enbridge now owned.

"People make jokes that we live in Enbridgeville because they've bought everything," LaForge said. "They don't realize what people
went through. That company thinks money can buy anything."

*kkk

With another winter approaching, the Enbridge workforce tapered off to about 450. The focus would be on meeting EPA's new
deadline for the creek cleanup: March 31, 2012.

The only way to be sure the creek would be oil-free, was to strip away the contaminated stretch, a little more than two miles.
Essentially, crews would be building a creek from scratch. Dredging—the technique they'd considered too severe for the river—made
sense here.

Contractors pieced together mazes of corduroy roadways and navigated their excavators, front-end loaders, graders and dump trucks
along the floodplain. Then they scraped the oily creek bed and its banks down to the bone, scooping out 21,578 cubic yards of dirt.
Finally, they hauled in tons of "new" dirt, shaping it to follow the path the creek had traveled before the spill.

When they finished, the water ran as clear as ever through the reinvented portion of the creek. The only hint that something traumatic
had occurred were the yards of landscaping cloth and erosion control blankets spread out to protect the newly planted native grasses
and other vegetation. Tiny trees planted during the mild winter were already sprouting new roots.

Enbridge met the March deadline. And Jay Wesley, the fish expert with the Michigan Department of Natural Resources who has spent
16 years studying the watershed, was confident the creek would bounce back.

The only question was how long it would take Mother Nature to right herself. In 2000, a survey found 11 species of fish and 192
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individual fish in that segment of the creek. A few weeks after the spill, Wesley and other natural resource specialists had counted just
three species of fish and 53 individual fish.

*kkk

On April 18, 2012—21 months after 6B ruptured—the first mile of the tainted section of the Kalamazoo River was opened to the public
for boating and swimming. Jim Rutherford, the Calhoun County health director who had called for a voluntary evacuation after the spill,
was also responsible for making this decision.

To celebrate their accomplishment that day, the EPA's Durno and a dozen other federal, state and local officials climbed into kayaks
and paddled the cleaned-up portion between Perrin Dam and Saylor's Landing.

Durno, who takes a dip in Lake Erie every New Year's Day when he's home in Cleveland, wore his wetsuit. He slipped out of his kayak
and swam for a few minutes in the 60-degree water.

Durno said he didn't see or smell any oil during his swim. But neither he nor anyone else involved in the cleanup suggests that all the
oil is gone.

Technically, restoring the river to pre-spill conditions would mean removing every last tar ball, no matter the cost. But scientists have
realized for months that would be foolhardy.

"Do we sterilize the river and destroy its ecology to restore it?" asked Durno. "That's the key question."

Teams of specialists using poles are now doing another survey, their third, to determine how much oil remains in the river's bottom.
The results won't be in for a few weeks, but the EPA's Dollhopf said they are "definitely seeing significant reductions from last year
and the year before."

To plan their next steps, the scientists and the cleanup experts have sliced the river into ecological sections according to patterns of
oil contamination, types of wetlands, and species of animals, plants and trees. Each section will be cleaned with the technology that
works best for its unique situation. Heavily oiled sections might be tackled with more intrusive methods. Lightly oiled areas may be
treated with nothing more than some bundles of pine and fir trees placed underwater to trap the tar balls that are still bouncing along
the river's bottom.

"Some of those scenarios may involve leaving oil behind, so it's unlikely that every last drop of oil will be removed," said Dollhopf, who
still works out of the cluster of temporary trailers near the rupture site, where the cleanup command post has been housed since the fall
of 2010. "We don't want to cross over the balance point of the benefits of oil removal and the harm of oil recovery. We always have to
weigh that."

On June 21, Rutherford opened about 34 more miles of the river. The only section that's still closed is a small stretch at the delta of
Morrow Lake, which is marked off with buoys. The EPA estimates [16] that 1,148,229 gallons of oil have been recovered so far.
Enbridge still maintains that its ruptured pipeline released only 843,444 gallons.

Rutherford said the water in the open section of the river now meets all necessary health and safety requirements. A study by the
Michigan Department of Community Health said people who come into contact with the oil might suffer some skin irritation, but they
won't experience long-term health problems.

Information kiosks at ramps along the river are now stocked with brochures citing that study and telling people what to do if they see or
touch oil. The kiosks also have disposable wipes for removing oil from skin or boats.

dkkk

After three and a half years of deliberating about whether to repair or replace 6B, Enbridge recently asked the Michigan Public
Service Commission for permission to replace the line and almost double its capacity. Replacing 6B through Michigan and Indiana
will cost close to $1.9 billion. It will be 36 inches rather than 30 inches wide in most places and capable of pumping up to 21 million
gallons of oil per day.

The expansion is needed, Enbridge says, to meet the growing demand of U.S. refineries for cheap Canadian dilbit.
Researcher Lisa Schvartz and InsideClimate News intem Kathryn Doyle contributed to this report.
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