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Oil Spills and the Future for the Enbridge Line 5 Pipeline 
 

Abstract 
Currently the State of Michigan is facing yet another major environmental issue. Climate 
activists and concerned citizens alike have taken special interest in an aging oil pipeline, known 
officially as Line 5. Enbridge, a Canadian oil pipeline company, owns and operates what is in 
actuality two parallel pipelines that run beneath the Straights of Mackinac. In 2017, the pipeline 
will celebrate 63 years of operation, however, at the time of its construction it received a life 
expectancy of 50 years. Aside from exceeding its recommended lifespan by over a decade, 
independent research conducted by the NWF discovered structural flaws at multiple points along 
the pipeline, further fueling the argument that inaction over these concerns could have 
devastating consequences on the Great Lakes ecosystem. Dr. David Schwab from the University 
of Michigan’s Water Center conducted over 800 computer simulations mapping out the the 
extent of oil spreading in the event of a rupture in the pipeline. His research concluded that the 
best case scenario would still result in over 1.5 million gallons of oil spilled. In the event of a 
spill mitigation techniques include (1) chemical treatment; (2) in situ burning; (3) mechanical 
recovery and (4) bioremediation.  
 
Introduction 
Whether we accept it or not, our modern society is soaked in oil. The use of oil is so thoroughly 
embedded in our modern society, that it’s difficult to imagine our existence and historic progress 
without it. Aside from plastic production, and chemical manufacturing, oil (and natural gas) 
dominate the fuel industry in the U.S., providing 62 percent of the nation's energy and almost 
100 percent of its transportation fuels (National Research Council). The potential for significant 
financial gains in the discovery and successful extraction of crude oil, also known as “black 
gold”, has lead to the formation of large oil companies. Such corporations have historically 
shown no fear of controversial ventures, and through their negligence have contributed to some 
of the most disastrous environmental crisis the world has ever seen. Currently, scientists, non-
profit organizations and concerned citizens in the state of Michigan are fighting to prevent a 
potentially disastrous oil spill. Beneath the Straights of Mackinac lies eight miles dilapidated, but 
fully functioning oil pipeline that could rupture at any moment. The result of a rupture in this 
particular location of the Great Lakes would devastate the surrounding freshwater ecosystem. In 
this paper I first provide an over view of, it is important to note the composition of crude oil and 
the subsequent biological mechanisms that take place once oil is extracted. Then I will briefly 
touch upon the environmental consequences of three prominent, disastrous oil spills in recorded 
history—Exxon Valdez (1989), Deep Water Horizon (2010) and the Kalamazoo River rupture 
(2010). Guided by the scientific research of Dr. David J, Schwab of the University of Michigan 
Water Center, I will then discuss the environmental implications, potential mitigation techniques, 
and a hazard prevention protocol if the controversial Enbridge Line 5 pipeline were to rupture 
beneath the Straits of Mackinac.  
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Composition 
Crude oil is an unrefined petroleum product that exists as a liquid mixture of a variety of 
hydrocarbon compounds derived from pre-historic algal and plant remains (Atlas, et. al., 2011). 
Due to the fossilized nature of this organic material we commonly refer to crude oil as a “fossil 
fuel”. Found in sub-surface reservoirs crude oil is comprised of three main chemical 
components: saturated hydrocarbons, aromatic compounds, and Volatile Organic Compounds. 
Saturated hydrocarbons are those compounds with carbon and hydrogen atoms connected by 
single bonds, arranged in either straight or branched chains with a decreasing biodegradability in 
relation to chain length (Atlas, et. al., 2011). Aromatic compounds are double-bonded carbon 
rings and with respect to oil are commonly found in the form of polycyclic aromatic 
hydrocarbons or PAH (Atlas, et. al., 2011). Volatile Organic Compounds (VOCs) are, light-
weight (molecular weight), naturally occurring compounds, normally gaseous or evaporate at 
room temperature (Atlas et. al., 2011). Crude oil, once refined, can be used to produce gasoline 
diesel, and other petro chemicals.  
 
Transportation 
Common methods for transporting crude oil and other petroleum products include shipping, 
(usually used for long-distance travel); and the use of pipelines. In the United States, 2.5 million 
miles of steel pipeline exist below the surface (Oil & Water Don’t Mix, 2016). In the State of 
Michigan alone, there are 1,546 miles, of pipeline dedicated for the transit of crude oil. Those 
1,546 miles represents just 42% of the total underground pipeline system of Michigan (Pipelines 
in Michigan, 2016). 
 
Processing occurring in Oil Spills 
Extracting oil triggers a sequence of biological mechanisms that occur when oil is extracted and 
thus allowed to interact with the environment. Oil is generally considered to be hydrophobic, or 
water fearing, but certain compounds within the oil’s molecular structure have the ability to 
dissolve. These compounds are the most likely to be acutely toxic, but are among the most 
volatile and therefore readily biodegradable under most conditions (Atlas et. Al., 2011). Spills 
close to shore often strand and persist on shorelines, particularly on permeable substrates such as 
gravel beaches and sheltered habitats such as marches (National Research Council). Crude oils 
tend to absorb heavily onto intertidal sediments with the risk of subsequent erosion of oiled 
sediments from the shoreline and deposition in near-shore habitats. In the case of high-energy, 
near-shore conditions similar to Straits of Mackinac, oil and sediments begin to mix and are 
either suspended in the water column or settle along the lakebed (National Research Council).  
 
Evaporation 
Within days of an oil spill, light crude oils can lose up to 75 percent of their initial volume, 
medium crudes about 40 percent, and heavy crudes no more than 10 percent (National Research 
Council). Rate of evaporation increases with warmer temperatures as well as weathering events 
that expose more surface area. 
 
Dissolution 
Oil is generally considered to be hydrophobic, or water fearing, but certain compounds within 
the oil’s molecular structure have the ability to dissolve. These compounds are the most likely to 
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be acutely toxic, but are among the most volatile and therefore readily biodegradable under most 
conditions (Atlas et. Al., 2011). 
 
Dispersion 
Dispersion is the process by which oil is broken up into small droplets and spread through the 
water. Under turbulent conditions, dispersion can prevent oil from reaching the surface where it 
might otherwise evaporate. Dispersion can also drive floating oil into the water column and 
largely prevent it from forming surface slicks that can threaten birds and mammals. One 
advantage of dispersion is that oil is broken up into tiny droplets with more surface area, which 
facilitates microbial degradation. A potential disadvantage is that it might increase exposure of 
some inhabitants of the ecosystem to the oil (Atlas et. Al., 2011). 
 
Photo-oxidation 
Sunlight reacts with some oil constituents, especially the polycyclic aromatic hydrocarbons 
(PAHs). The process, known as photolysis, is important because by breaking aromatic ring 
structures, it enhances the availability of such compounds to microbes and hence microbial 
degradation. On the other hand, the photo-oxidized PAHs have been shown to be substantially 
more toxic to water-dwelling organisms (Atlas et. Al., 2011). 
 
 
Due to varying degrees of petroleum composition, dependent upon the geolocation of the 
sourced crude oil, very few oil spills involve the same type of oil and therefore require specific 
remediation techniques. These techniques, and common methods of disaster relief will be 
discussed later. 
 
Examples of Past Oil Spills 

In 1989 the Exxon Valdez oil tanker ran aground on the Bligh Reef in the Prince William 
Sound of the Gulf of Alaska. Within six hours of the grounding, the Exxon Valdez spilled 
approximately 10.9 million gallons (37 kilotons or roughly 750 thousand barrels) of its 53-

million-gallon cargo (156 kilotons) of 
North Slope Crude oil. The oil would 
eventually impact more than 1,100 miles 
(2400 km) of non-continuous coastline 
in Alaska, making it the largest oil spill 
to date in coastal U.S. waters (National 
Research Council). That was until April 
20th, 2010 when British Petroleum’s 
(BP) Deep Water Horizon off-shore 
drilling well failed.  

 
 Figure 1. lieffcabraser.com 
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In 2010, the British Petroleum (BP) deep water drilling well Deep Water Horizon experienced a 
devastating explosion that destroyed the entire off-shore drill rig and killed 11 people. Over the 
course of 87 days, the damaged Macondo wellhead, located about 5,000 feet beneath the ocean's 
surface, leaked an estimated 3.19 million barrels (over 130 million gallons) of oil into the Gulf of 

Mexico (Smithsonian). As the 
oil surged from the well-head it 
began to thoroughly mix 
throughout the water column. 
The oil that reached the surface 
formed large slicks ready to 
interact with surface conditions 
of the Gulf of Mexico. Below 
the surface oil and through the 
biological process of 
dissolution, oil in the form of 
droplets invaded the water 
column forming several layers 
of suspended oil (Smithsonian).  

An oil plume 22-miles in length was reported and cited as evidence 
for the claim that the Deep Water Horizon oil spill was the largest 
accidental ocean spill in history.  

  
 
Also in the year 2010 the the United States experience the largest inland oil spill in American 
History. Enbridge’s Line 6b pipeline that runs through the Kalamazoo River and nearby wetlands 
ruptured spilling over 800,000 gallons of Alberta Tar Sands oil (Oil & Water Don’t Mix, 2016). 
Investigations of the rupture discovered a 6-foot horizontal tear in the pipeline (see Figure 3). 

 
 
 
 
 
 
 

Figure 3.  
Glenn Arbor Sun 

Figure 2. cnn.com 
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Enbridge Line 5: 
 
Every day for the last 63 years, 
roughly 23 million gallons of 
Canadian crude oil has flowed 
beneath the Straits of Mackinac 
by way of two parallel, 30-inch 
diameter steel pipelines (Straits 
Oil Spill, 2016). This section of 
pipeline is part of the 645-mile 
Line 5 pipeline that originates in 
Superior Wisconsin, travels 
through Michigan’s Upper and 
Lower Peninsulas, and 

terminates in Sarnia, Ontario, Canada (Enbridge, 2016). This pipeline is 
owned and operated by the afore mentioned Canadian pipeline company 
Enbridge Inc. An investigation conducted by the Nation Wildlife 

Federation (NWF), the largest not-for-profit environmental advocacy and education organization 
in America, revealed that sections of this pipeline are dangerously unsupported and covered in 
debris (see Figure 4). 
 

 These findings have lead to public outcry over the alleged 
negligence [on behalf] of Enbridge, and demand for 
the immediate stoppage of oil transport through this 
segment of Line 5. On May 5th 2016, the NWF 
officially sued the Pipeline and Hazardous Materials 
Safety Administration (PHMSA), the agency 
largely responsible for overseeing oil pipeline 
safety, asserting that the agency illegally authorized 
the transport of oil through this pipeline (NWF 
website). Citing the 1990 Oil Pollution Act (OPA), 
the NWF claim there were violations of the Clean 
Water Act (CWA), as well as a failure to comply 
with standards of National Environmental Policy 

Act (NEPA) and the Endangered Species Act (ESA). According to the lawsuit filed by NWF: 
 

• “From	1999	to	2014,	pipelines	owned	or	operated	by	Enbridge	and	related	entities	
spilled	or	leaked	on	over	1,000	occasions	and	discharged	more	than	five	million	gallons	
into	the	environment.	This	includes	the	largest	inland	oil	spill	in	U.S.	history:	a	spill	of	
almost	a	million	gallons	in	the	Kalamazoo	River,	in	Michigan,	in	2010.”	(NWF	v.	PHMSA,	
2016)	

 
• “Line	5	crosses	or	runs	in	the	vicinity	of	public	water	supplies,	water	intakes,	and	

wellhead	protection	areas;	52	schools;	126	medical	facilities;	several	residential	clusters	
and	businesses;	and	both	interstate	and	state	highways.	At	least	twelve	species	listed	as	
endangered	or	threatened	inhabit	the	area	crossed	by	Line	5.	These	species	include	the	
Piping	plover,	Kirtland’s	warbler,	Hine’s	emerald	dragonfly,	the	dwarf	lake	iris,	and	the	

Figure 4. NWF 

Figure 5. UofM Water Center 
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lakeside	daisy.	The	critical	habitat	of	the	Piping	plover	and	Hine’s	emerald	dragonfly	
overlaps	the	area	crossed	by	Line	5...”	(NWF	v.	PHMSA,	2016)	

 
In March 2016, Dr. David J. Schwab of the University of Michigan’s Water Center 

conducted a statistical analysis of the worst case oil spill scenarios from Enbridge’s Line 5 
pipeline beneath the Straits of Mackinac. Schwab conducted 840 computer-modeling simulations 
using the three-dimensional hydrodynamic model based on the Finite Volume Coastal Ocean 
Model (FVCOM) described as a free-surface, hydrostatic, primitive-equation hydrodynamic 
model that solves the continuity, momentum, and energy equations in three-dimensions on an 
unstructured, sigma-coordinate (terrain-following) mesh (Schwab, 2016). One simulation in 
particular was that of a one-million-gallon crude oil spill in the Straits that resulted in more that 
700 miles of shoreline and islands in Lakes Michigan and Huron potentially vulnerable to a spill 
in the Straits (Line 5 Spill Scenarios, 2016). More than 15 percent of Lake Michigan’s 3,528 
square miles of open water, and nearly 60 percent of Lake Huron’s 13,611 square miles of open 
water could be polluted by visible oil from a spill in the Mackinac Straits (Line 5 Spill Scenarios, 
2016). Other findings include: 

• Quantitative	analysis	of	840	oil	spill	cases	in	the	Straits	of	Mackinac	using	a	“worst-case	
discharge”	from	Line	5	shows	that	more	than	1,000	km	of	Lake	Huron-Michigan	
shoreline	and	specific	islands	are	potentially	vulnerable	to	an	oil	release	in	the	Straits	
	

• Three	quarters	of	the	840	cases	resulted	in	maximum	open	water	oil	patch	sizes	greater	
than	200	km2	after	as	little	as	5	days.	The	maximum	open	water	area	subject	to	oiling	in	
any	of	the	cases	was	over	1600	km2	(Schwab,	2016)	

 
The speed at which oil moves in the water column 
is dependent on the current intensity. The 
oscillating current beneath the Straits would 
transport all existing oil in the water column at 
alarming rates. Currents in the Straits can be as 
strong as currents in the Detroit River (up to 1 m/s) 
and tend to reverse in eastward and westward 
flow-direction (Saylor and Sloss, 1976). Overall 
flow rate can reach a rate 10 times that of the flow 
over Niagara Falls (Line 5 Spill Scenarios, 2016).  

Best case scenario in the event of a rupture 
of Line 5 would be a 1.5-million-gallon spill of 
crude oil, according to grassroots organization Oil 
and Water Don’t Mix c/o Groundwork Center for Resilient 
Communities (Oil & Water Don’t Mix, 2016). 
 
Mitigation Techniques 
There are four major categories of response (clean-up) technologies that are available to date: (1) 
chemical treatment (dispersants, emulsion breakers); (2) in situ burning; (3) mechanical recovery 
(booms, skimmers, oil–water separators, adsorbents); and (4) bioremediation. An 
environmentally preferred and cost effective spill response may require a combination of clean-
up technologies (Ivshina, et. Al., 2015). Due to the predicted open water area that would be 
affected by a rupture in Line 5, mechanical recovery would have to be localized. Dispersants, 

Figure 6. UofM Water Center 
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emulsion breakers, or bioremediation would probably be the most effective mode of spill relief, 
but neither would be 100% effective. Modern science is currently working to genetically modify 
oil-eating micro organisms. Researchers at MIT believe they have found the “Winning 
combination—pairing of enzyme benzylsuccinate synthase (naturally occurring within the 
microbe) with substrate molecule fumarate (also present in microbe) in the presence of 
toluene…” (Francesca McCaffrey | MIT Energy Initiative, 2015). 

 
Discussion & Conclusion 
The Great Lakes is without a doubt one of the most iconic and precious waterways on the planet. 
Therefore, any plausible threat to this ecosystem should be taken with the highest degree of 
seriousness. That is why PHMSA should force Enbridge to shut-off all flow of oil through this 
segment of pipeline, effective immediately. Federal regulations stipulate that a pipeline must be 
supported every 75 feet, investigation by the NWF has found this segment of pipeline in 
violation of these federal regulations. This pipeline was only build to last 50 years and 2017 will 
be its 64th year of operation. Bottom line, there is confounding evidence as to the concerning 
structural integrity of the pipeline as well as the environmental risks of a rupture in the Straits. 
The PHMSA and EPA must address these concerns before its too late. No more can pipeline 
companies like Enbridge, that have already been responsible for oil spills in the past, be “slapped 
on the wrist” for noncompliance with building codes. The citizens of Michigan are rightfully 
demanding for more transparency on behalf of Enbridge regarding this pipeline and will not quit 
until their demands are met. As a society, we must end our dependence on fossil fuels. The only 
way we can stop wasting resources treating symptoms of disasters that destroy ecosystems, is if 
we end the threat of disaster in the first place. The technology exists, its now in the hands of the 
people to demand that we use it.  
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