ORA is a not-for-profit organization with a mission to protect, conserve and restore
Ontario river ecosystems - initially started in response to 87 proposals to build
hydroelectric facilities on several Ontario rivers, including two on the Petawawa.
ORA is also very concerned about the proposed Energy East Pipeline which would
carry tar sands crude from the Manitoba border to Quebec and points east.
This picture shows the sort of thing that concerns us. This is a spill in Burnaby BC.
Somebody dug a hole in the bridge, that pierced the pipeline below, and drenched
the area with crude oil, which then flowed into the river below.

My name is Alan Hepburn.
I spent most of my working life as an engineer with AECL, where I became familiar
with the probabilistic analysis of safety risks.
I have experience in both the design and operation of safety-related systems.
However, I make no claim to being an ecologist, a civil engineer, or a metallurgist.
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Here’s an outline of my presentation:
I will use existing government sources to predict the frequency and size of releases,
and compare the results with the proponent’s predictions.
Then we’ll look at the impacts of crude oils spills and suggest some possible
improvements.
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TC owns a number of natural gas pipelines that basically follow highway 17.
Between North Bay and Iroquois, there are two lines that have been in the ground
for 20 to 40 years. The proposal is to convert one of the lines to carry crude oil.
This will kill two birds with one stone:
1. Allow oil sands crude to reach east coast refineries
2. Improve ROI on underutilized gas lines
Here is the schematic of the route, showing the two parallel lines
At roughly 70 km intervals along the lines, there are cross ties, which currently
enable segments of a line to be isolated for maintenance. These cross ties have
valves enabling flow to be shut off and re-routed. There are also pumps to move
the gas along the line. Other than these facilities, the lines are buried.
At the start of the conversion process, all the cross ties will be removed and capped
off, allowing the unconverted gas line to be returned to service.
After conversion, there will be two separate parallel lines, a few metres apart, one
carrying crude oil, and the other natural gas. The converted oil line will have new
valves and pumps to handle the different material.

Pipelines are built from steel sections about 20 m long, welded together, laid in
trenches and covered over with fill.
Steel pipes in the ground are obviously going to rust. The prime defense against
attack by corrosive agents in the soil is some kind of external coating.
The best available coating is this FBE epoxy.
The line to be converted uses 20 – 40 year old FBE coated pipe.
The unconverted gas line is mostly fabricated form older material with inferior, nonFBE coating.
We’ll look at the significance of that later.
An electrical “cathodic protection system” also inhibits corrosion.

Here’s the detailed route through the Petawawa area. It crosses the Petawawa
River just north of highway 17. An additional valve station will be added east of the
river to allow the river crossing section to be isolated at both ends.
That way “only” about a km of the line can drain into the river if they locate a fault
within that segment and get the valves closed – that’s about 900 m3 .
OK, I hear you – “Here goes Hepburn again with his meaningless units”. Well, a
cubic metre is about the size of a card table, and 1,000 m 3 is the size of two 2,000
sq foot single storey houses.

The approval process for this project is a long one. I attended the proponent’s
public information meeting in Cobden, and became concerned enough to get the
ORA involved.
I made a presentation on behalf of ORA to the OEB in Ottawa, and now we have
applied for intervener status so we can stay involved and relay our concerns through
the upcoming NEB hearings.

The obvious concern is oil releases to the environment. How often will they happen,
and how big will they be?
TC has downplayed the possibility of spills of any magnitude. They state that they
can “realistically achieve a failure rate of zero ”
Of course, as they point out, most leaks are small.
But it’s not the many small ones that are a concern – it’s the few big ones. So
those are the ones we’ll look at.

The Alberta government has a pipeline spill database that covers tens of thousands of
incidents of all types over 40 years, but I limited my analysis to crude oil pipes greater than
16” in diameter in the years 1990 – 2012, and spills bigger than 10 m3.
That left only 9.Omly one of them was between 10 and 100 m 3, and was largely contained. I
chose to ignore it.
So then there were eight.
(To come up with my own estimate of failure frequency, I used a database obtained by Global
News from Alberta Government records. spanning 44 years.
http://globalnews.ca/news/622513/open-data-alberta-oil-spills-1975-2013)
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Here are the average parameters for these 8 Alberta Incidents.
Proportionally, the pipeline in Ontario can be expected to experience a major
release once every 7 years.

EE places great emphasis on improvements in leak prediction technology made
possible by in-line inspection tools - so-called “smart pigs” - in recent years. But 2/3
of the spills are attributed to causes not detectable by pigs.
Allowing for improved ILI technology, there will still be about one leak every 10
years, based on this Alberta data.
The EE Application does not mention a number of major threats implicit in the
conversion process.

First, Aging:
All coatings age, due for example to abrasion of the coating, and the line will be 90
years old if it stays in service for another 50 years
Another age-related failure mechanism is metal fatigue.
In the 20-40 years this pipe has been in the ground, parts of it will have been
subjected to cyclic stresses that may have used up some of its fatigue life, due, for
example, to the seasonal variations in buoyancy where it crosses wet lands.

Then, the report on the biggest Alberta spill indicates that a sub-standard repair
caused this recent massive release.
An old line, even an epoxy-coated one, has typically undergone many repairs,
though we so far have not been able to determine how many.
Basically, old line is more susceptible to failure than a new one.
As time goes on, we can anticipate an increasing number of failures due to aging.
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Next, the greater density of crude oil.
Quite simply, oil is 17 times heavier than compressed natural gas.
The combined weight if the pipe and its contents is 4 times that of a gas line.
That may result in increased settling of the converted pipe over time, and possible
deformation, which will stress the pipeline.
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Dynamic loads are present when flow in the line starts, stops, or changes direction.
These forces will be 17 times greater after conversion. This increase in this force
might require design changes, which would be very expensive.
An independent engineering review should confirm that the design meets these
more demanding static and dynamic load requirements.
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The Ottawa River Valley is in a known earthquake zone, but the Application doesn’t
mention seismic analysis.
Perhaps the most significant omission is the small separation between the
remaining gas pipeline and the converted oil line. We’ll look at this later, once we’ve
seen an example of adjacent gas line failure.
These threats can only increase the 1 in 10 year release frequency derived from
Alberta data.

So much for the number of leaks. Now let’s look at the size of them.
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A word on how leaks are detected.
The standard approach, and that proposed by EE, uses instrumentation located at
the above ground locations – i.e. pump and valve stations. Typically, the leak site
may be many kilometres from this instrumentation. This tends to blur the
indications, so the operator has to do a lot of interpretation of the data he sees. And
the leak site cannot be localized.
The EE system cannot detect anything less than 1.5% of full flow.

That doesn’t sound like a lot, until you translate it into volume. We’re talking 2,000
m3 per day. That’s four 2,000 sq foot houses worth.
Anything below this value will not be detected until it shows up on the ground after
several days.
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Since the 42” line at Petawawa will be 3 times the area of the average Alberta line,
the average release volume will triple from 1,400 to 4,300 m 3.
EE has stated that a typical leak will be about 250 m 3. Where did this number come
from come from?
A 1.5% release for 2 hours amounts to 220 m3.
So it looks like he has assumed that
a) an average leak will be at the minimum detectable level of1.5% full flow,
and
b) the line will be shut down almost immediately on detection of the failure.
EE says that changes to operating procedures will require that all detected leaks be
shut down within 10 minutes.
Is this credible, looking at past experience?
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The official report on the biggest Alberta spill says that, after the leak detection
system “indicated abnormal operating conditions on the pipeline”, the operators took
8 ½ hours to decide to shut it down.
To deliver the estimated 4,500 m3 in 8 ½ hours, they must have had a 33% break,
so this was no 1.5% break. The indications were presumably much more obvious
than they would have been at 1.5%.
The instrumentation suggests to the operator he may have a problem. He still has
to make the shutdown decision.
Look at this quote from the Investigation Report:
“the Plains’ alarm response protocol exhibited a potential bias towards
inaction”.
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In most cases, the operators typically don’t take action until they get a sighting by an
onlooker.
Does the leak detection system perhaps raise a lot of false alarms?
Until I see convincing evidence otherwise, I’m sticking with my 4,300 m 3 number for
the 42” converted line going by Petawawa.
What about that 1.5% leak detection threshold?

ONTARIO RIVERS ALLIANCE

This one happened on the Trans Alaska Pipeline, which is a 48” aboveground installation.
A drunk hunter drilled it with a high powered rifle. This leak is ‘way below the
1.5% threshold, but visual sighting won again.
Of course, the EE line is fairly well protected from wayward bullets. But there
are other causes of small leaks. I only show this slide to indicate what a “pin
hole” undetectable release amounts to.
Such a release will continue at least until the next airborne inspection.
Unless they get lucky and the hole is pointing straight up, it may go on
indefinitely.
Would a leak like this be environmentally significant?
To do better, you need to detect the presence of small amounts of material
outside the pipe.
I wonder if anybody has looked into that?
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It turns out that TC and Enbridge have been evaluating four ELD technologies since 2012.
What did they find? The results are proprietary.
But no proponent in his right mind will apply these technologies unless he is compelled to
do so. Why?

If you detect a leak, you have to clean it up, and that can cost millions. So, let sleeping
crude lie.
To have any chance of improving this situation, the regulator must be persuaded to
introduce more demanding leak detection and corrective action requirements.

Let’s look at TC’s own record. They only has one oil pipeline – this Keystone line.
Most of the 12 releases on the Keystone line in its first year of operation were fairly
small, though 80 m3 is getting there. But how this spill was recorded in the official
report is interesting.
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Here’s a quote from a report at the time:
“In a June 2011 order against TransCanada, the Pipeline and Hazardous
Materials Safety Administration wrote that the company shut down the flow of
oil "after being notified ... by a local citizen" of the leak. The order was
subsequently amended "following informal discussions" between
TransCanada and the federal regulator to reflect a new version of events: the
line was shut down due to a "suspected leak condition" indicated by "a
change in flow rates."

TC was clearly sensitive to criticisms of the ineffectiveness of leak detection
instrumentation, and took steps to have the official report changed.
Now, let’s take a look at TC’s record on gas pipelines, including the one
proposed for conversion. They are, after all, familiar with this business.

Here is a summary of incidents on the line proposed for conversion, or other lines
adjacent to it.
The information is drawn from official Transportation Safety Board reports. As we’ll
see, they’re pretty exciting, even without the benefit of press license.
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Line #100-3 failed near Brookdale MB.
Almost immediately, they got a number of low-confidence warnings from their expert
system, but the first attention getter was a onlooker report just 10 minutes after the
event.
17 minutes after the accident, they took the initial actions to do something about it.
But it wasn’t until 2 ½ hours after the accident that they closed the valves that actually
stopped the fire an hour later.

OK, anything in Ontario?

Line #100-2 failed just north of Englehart Ontario. According to the TSB report,
“Escaping gas from a pipeline rupture ignited, resulting in the explosion. A
large crater was created and two sections of pipe broke from the system,
with one section being ejected approximately 150 metres from the rupture
site.”
This line is made of the older, polystyrene-wrapped pipe. And it still will be, after line
100-3 has been converted.

It was controlled by a Remote Operating Centre (ROC) in Calgary, who knew
nothing about the incident until the Englehart Fire Department gave them a call.
“Approximately 10 metres of Line 100-3 had been exposed during the
explosion”.
That’s the one proposed for conversion. Luckily it was not damaged, but is there a
credible threat that it might have been?
Is there an example of one line taking out the other?

This incident happened in western Manitoba in 1995 – 14 years beore Englehart.
A manned valve station was nearby. The operator saw the fire, so no delays
studying instrument indications this time.

He tried to execute a local shutdown, but it didn’t work.
He then tried to call the Winnipeg ROC, but couldn’t.
At that point, he high tailed it for the plant gate, where he again pushed the
shutdown button. Still no joy.
He finally reached the ROC using a cell phone borrowed from a bystander. They
couldn’t perform a shutdown either.
The continuing inferno caused line 100-3 exploded an hour later.
All the control and communications equipment had been disabled by the fire. The
design was not fail safe.

Eventually, the ROC was able to shut down both lines from another station, 110 km
upstream. It took another two hours for the fire to burn out. So again, co-location
was a problem. Only in this case, they didn’t get off so lightly. There were 6
adjacent lines at this location. In addition to the line 100-3 fire, one other was
damaged.
Does this sound like the Keystone Kops, or what? Was the pipeline named after
them?
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The Rapids City Incident is particularly concerning because it showed how failure of
one line can take down another.
It also demonstrated the consequences of the design not being fail-safe.
Here’s what it means for a design to be “fail safe”. In this case, the equipment
required to shut down the line would have to have survived the fire.
All the valves might, for example, have been designed to close as soon as they lost
communication with the rest of the control system.

The gas supply would have been cut off locally, and the fire would rapidly have gone
out.
The incident report says that subsequent corrective action was assessed as “fully
satisfactory”, but was it? The Englehart incident, 14 years later showed that lessons
with respect to co located lines had not been learned.
Was the cost of fixing the problem perhaps deemed impractical?
.
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EE has only looked at the converted pipeline in isolation.
But it isn't isolated. It will be located within 10 meters of a source of occasional
explosions throughout its entire length.
The adjacent gas line(s) will still have that old SCC-prone tape covering.
Once one of them explodes, the epoxy coating on the oil line won’t help.
At Petawawa, post conversion, a failure of the old gas line may result in a failure of
the crude oil line as well.
I can’t imagine what a combined gas/crude oil fire would be like. Can you?
Independent assurance is needed to confirm that this concern is addressed by the
design, with some margin to spare.
And part of the analysis better not be that the gas line failure will be detected and
shut down in 10 minutes, because the Kops can’t do that.

The environmental impact of a gas line failure is typically minimal.
If you happen to be sitting on top of a gas line when it blows, or if you’re a TC
shareholder, you may have a bad day. The owners of the houses at Black Bay
Road and Doran might want to think about that.
The long term effects of a dilbit spill are much more serious.
Here’s that 4,500 m3 spill in Alberta. It covered about 75 acres. My average spill
4,300 m3 would cover about 70 acres.

The effects of such a release on wildlife and domestic water supplies would be
devastating, and long lived.
The heavy component of dilbit sinks more readily than conventional crude which
makes it more difficult to clean up.
26 companies were involved in the cleanup, and it took up to 300 people.
A smaller, but much publicized spill in Kalamazoo, MI, cost more that $1B to clean
up.

ONTARIO RIVERS ALLIANCE

Here are some possibilities that should be looked at:
• Heavier grade pipe and spill collection troughs could be used in sensitive
areas.
• The current leak prediction and detection systems are not up to the job. In
particular, the leak detection system needs to be much more reliable, and
capable down to close to zero.
• The NEB is the agency that needs to make this happen.

• Look into automating the shutdown, and making the design fail-safe.
• Operator training should be revised so it is “biased towards action”.
• A third party independent agency should be tasked with reviewing the
design of the converted pipeline.
• Once the line is in service, there needs to be independent confirmation
that corrective actions have been completed, and any lessons learned
have been implemented promptly throughout the system.
• Emergency response plans, operating procedures and reports of
deviations should be a matter of public record.
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Here are some areas in which you might press EE next week.
Decide which story makes sense.
Consult with other municipalities along the pipeline route.
I think that approval of the pipeline would be irresponsible unless much more
stringent requirements are placed on leak detection.
There are also a lot of technical issues that the Application does not address:
• Pipeline aging
• Maintenance history
• Seismic Events
• Proximity to failure-prone gas lines
Given the cost consequences if any of these issues proves to be significant, the
only answer is a truly independent engineering assessment.

