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Long-term studies evaluating the post-release survival of animals rehabilitated during the 
Enbridge Line 6B wildlife response are underway. Although complete quantitative analysis is not 
yet complete, data show that numerous turtles were recaptured over the course of four years 
and the successful captive reproduction from oiled female turtles suggest positive long-term 
survival results. 

Wildlife rehabilitators have reported similar success from crude oil releases into freshwater and 
marine environments. Saba and Spotila (2003) reported on the Sun Pipeline Corporation crude 
oil pipeline release of approximately 4,800 barrels in the John Heinz National Wildlife Refuge in 
Pennsylvania in 2000. After tracking 66 rehabilitated turtles, the authors concluded that, 
“[r]ehabilitation of oil exposed freshwater turtles is effective in restoring these animals to normal 
behavior in nature.” Golightly et al. (2002) studied the behavior and survival of a small set of 
western gulls after rehabilitation from the offshore 1997 Torch Operating Company crude oil 
release in south-central California. Approximately 170 barrels were released and 78 bbl 
recovered. All oiled and rehabilitated birds survived until their transmitters failed (127 to 235 
days). Dunne and Miller (2007) studied the post-release survival of oiled, rehabilitated waterfowl 
from multiple release events throughout the U.S. using data from the USGS Bird Banding 
Laboratory and concluded that “contact with oil and subsequent rehabilitation is not an 
indicator of reduced post-release survivability in mallards and Canada geese, and that release 
location has a significant effect on longevity.” More recently, Ziccardi et al. (2011) examined the 
behavior and survival of rehabilitated surf scoters oiled during the offshore 2007 cargo ship 
Cosco Busan (operated by Fleet Management Ltd.) event, which released 1,260 barrels of 
heavy fuel oil in San Francisco Bay. While survival rate estimates for the oiled birds were lower 
than for other non-oiled groups, the authors noted that the results exhibited, “possibly stronger 
effects based on captivity and/or rehabilitation versus overt effects of oiling.” While Russell et al. 
(2003) correctly pointed out that each species may respond differently to the stress of being 
oiled, captured, and rehabilitated and the handling of animals at a given facility can influence 
survival, the overall rehabilitation goal of releasing healthy animals that can survive in the wild is 
being realized. 

8.4.4 Restoration 

When a release of crude oil or other contaminants occurs, the condition of the environment 
prior to the release is considered a “baseline” for evaluation of damages resulting from the 
event. The loss of ecosystem services, or “injury,” reduces conditions below the baseline and 
then, as the crude oil is cleaned up, the affected ecosystem services begin to recover naturally 
(Figure 8-1). Restoration attempts to reduce the magnitude and duration of the injury by 
hastening the recovery of affected resources back to baseline conditions through active human 
intervention activities (French et al. 1996; OPA 1990).  
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Figure 8-1 General Model of Ecosystem Service Loss Following a Petroleum 
Hydrocarbon Release 

 

Examples of human intervention activities that can hasten recovery include removing 
contaminated soil and backfilling areas with appropriate soils, sediments, or other materials; 
seeding and planting disturbed habitats; treating invasive species; stocking fish or other species; 
augmenting soil mycorrhizae; and installing wildlife or fish habitat structures. The specific 
measures selected in a particular case are determined by the type, location, and abundance 
of resources affected.  

During the Line 6B spill response in Michigan, Enbridge employed a variety of restoration 
techniques with the intent of reducing damages and the time necessary for affected areas to 
recover. Some of the techniques implemented included backfilling scraped and excavated 
areas, seeding and planting with native species, and controlling the spread of invasive species. 
Five years after the release, monitoring data submitted to the MI DEQ indicate that affected 
wetland areas are showing a comparable level of quality and function to similar unaffected 
areas and appear reasonably consistent with environmental conditions without crude oil 
disturbance (Enbridge 2015b, 2015c, 2016a, 2016b). Enbridge also provided multiple 
compensatory restoration projects, including removal of a dam, creation of 300 acres of 
wetlands, and construction of five recreation sites (USFWS et al. 2015a). 

At Enbridge’s 2002 Cohasset release site in Minnesota where 6,000 barrels of crude oil were 
released with 2,574 barrels recovered, wetland restoration efforts included reestablishing site 
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topography and vegetation. Disturbed surfaces within the wetland were re-contoured to create 
pit and mound micro-topography; native wildflowers and grasses were seeded; emergent 
plants, unrooted cuttings (shrubs and trees) and tree seedlings were planted; and the area was 
treated to control the spread of invasive plants. Although removal of peat soil caused the site to 
be wetter than before the release, it is now a functional marsh-type wetland following 
restoration (USFWS et al. 2005). Enbridge also provided for the restoration of 30 acres of forested 
and scrub-shrub wetland and the retrofit of 10 school buses for particulate emission reductions 
as compensatory projects (USFWS et al. 2005). 

Resource enhancement can also be conducted in conjunction with restoration efforts, raising 
the level of ecological function above baseline and providing greater service benefits. Following 
a 2003 release of approximately seven barrels of No. 6 Fuel Oil from its B.L. England Generating 
Station in Cape May, New Jersey, Conectiv Energy restored the area by replacing damaged 
invasive vegetation with native species. Project reports indicated that at the end of the first 
growing season, development of planted vegetation was progressing throughout most of the 
project area with vegetative cover by native species averaging 41% for the site, representing 
approximately half of the total 80% native vegetative cover required to be deemed successfully 
restored (Pfeifer and Hess 2005). The improved community diversity above baseline conditions 
provided greater benefits to marsh animals such as fiddler crabs, diamondback terrapins, egrets, 
butterflies, mummichog, and humans. Conectiv Energy restored additional habitat adjacent to 
the damaged area as a compensatory project to increase the benefits to marsh ecosystem 
services (Pfeifer and Hess 2005). 

8.4.5 Summary 

While recovery cannot eliminate the damages caused by a release of crude oil and associated 
response activities or achieve a full restoration of exactly what existed before a crude oil release, 
reports from past release events suggest that it can reduce the overall amount and extent of 
damages and substantially reduce the time necessary for natural resource recovery to occur. 
The remaining loss of ecosystem services can then be addressed through compensatory 
restoration (as identified by the applicable regulatory agency) to address interim losses (i.e., 
reduced ecosystem functions and human use of the resources during the time it takes the 
resources to recover).  

8.5 DISCUSSION 

When possible, the case studies selected for review of recovery of environmental receptors in 
the physical, biological and human environments focused on crude oil releases that occurred 
within the same or similar climatic conditions, ecosystems, and communities as those found in 
Minnesota. In some cases, recovery from releases in other regions was discussed to offer greater 
breadth of information on factors that influence recovery rates.  
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For biological and physical environments, the ability of environmental receptors to recover, the 
timeframe for recovery, and the factors affecting recovery rates were examined. For human 
environments, the processes by which human use and socio-economic conditions recover 
following crude oil releases and the factors influencing recovery also were addressed.  

The case studies that were reviewed generally were large releases since these releases are 
better documented due to the severity or magnitude of the event. As the majority of pipeline 
releases tend to be relatively small with a median volume of three barrels (PHMSA 2016), the 
effects are expected to be less than for large releases and rates of recovery are expected to be 
more rapid. 

8.5.1.1 Physical Environment 

The recovery of the physical environment (e.g., surface water, groundwater, soil) from a crude 
oil release is determined by numerous factors including site-specific environmental conditions at 
the time of the release, the environmental material that is affected, the severity and areal extent 
of the release, the type of oil released, the speed and efficacy of emergency response, and 
methods for clean-up and site remediation. 

8.5.1.1.1 Surface Water 
The rate of recovery of surface water is measured by the rate at which petroleum hydrocarbons 
are removed from the environment, as well as the ability of the surface water to support aquatic 
life and meet drinking water standards protective of human health and the environment.  

Based on PHMSA pipeline incident statistics38, the vast majority of crude oil releases do not affect 
surface water resources. Even though 47% of pipeline releases occur completely within the 
operator’s property, there were only 2.7% of hazardous liquid pipeline incidents that required 
surface water remediation and only 0.2% of the incidents that affected drinking water resources 
(PHMSA 2016).  

Factors that accelerate the recovery of surface waters include: 

 Prompt and efficient emergency response to remove crude oil from the environment 
 Warm temperatures, sunlight, and nutrient availability to facilitate weathering and 

biodegradation 
 High flow rates in rivers and inflow in ponds and lakes that dilute crude oil and flush the 

affected area of petroleum hydrocarbons 
 Large waterbody size, which contributes to dilution of crude oil and crude oil constituents 

                                                      
38 Incidents must be reported to PHMSA if the incident results in one or more of the following consequences: 
1) a release of 5 gallons or more, 2) death or serious injury necessitating hospitalization, 3) fire or explosion 
not intentionally set by the operator, or 4) property damage of $50,000 or more (49 CFR 195.50). 
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8.5.1.1.2 Groundwater 
For groundwater, the rate of recovery varies depending primarily on the amount of crude oil in 
the environment; the vulnerability of the groundwater (e.g., unconfined and confined aquifers); 
the physical and chemical characteristics of the crude oil; and attributes of the groundwater 
(e.g., oxygen and nutrient availability, microbial populations, physical, and chemical 
composition of the aquifer materials).  

Based on PHMSA pipeline incident statistics, the vast majority of terrestrial crude oil releases do 
not affect groundwater resources. Even though 47% of pipeline releases occur completely within 
the operator’s property, there were only 3% of hazardous liquid pipeline incidents that required 
groundwater remediation, and only 0.2% of the incidents that affected drinking water resources 
(PHMSA 2016).  

Although contaminated groundwater may take decades to recover, petroleum hydrocarbon 
plumes tend to move slower than groundwater and generally move only tens of hundreds of 
feet (as opposed to thousands of feet). A review of petroleum hydrocarbon groundwater 
plumes throughout the U.S. found that the plume size was stable or shrinking at the majority of 
sites examined, indicating groundwater resources recover from petroleum hydrocarbon 
contamination (Newell and Connor 1998). The removal of residual oil from the environment is 
critically important for recovery of groundwater resources. 

8.5.1.1.3 Soil 
As discussed above, many pipeline incidents occur completely within the operator’s property 
and most are small in volume (three barrels or less). Based on PHMSA statistics, pipeline incidents 
that occurred off the operator’s property are small (20 barrels), and the majority of releases 
require soil remediation involving 100 cubic yards of soil or less. Only 3% of releases reported to 
PHMSA require soil remediation of 10,000 cubic yards or more (PHMSA 2016)  

The speed of soil recovery is primarily related to release volume, type of oil released, the soil 
type, and the speed and efficacy of emergency response. While crude oil releases can 
adversely affect soils, there are a number of environment fate processes that can facilitate soil 
recovery. For example, microbial biodegradation, in combination with other environmental fate 
mechanisms, such as evaporation and photodegradation, facilitate the recovery of soils. In 
Minnesota, microbial biodegradation may be slower than more temperate areas with warmer 
soil temperatures, but remediation techniques that oxygenate and fertilize soils can be used to 
enhance soil recovery rates.  

8.5.1.2 Terrestrial Ecosystems 

Similar to the physical environment, the recovery of the biological environment from a crude oil 
release is determined by numerous factors including site-specific environmental conditions at 
the time of the release, the types of environmental receptors affected, the severity and areal 
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extent of the release, the type of oil released, the speed and efficacy of emergency response, 
and methods for clean-up and site remediation. 

8.5.1.2.1 Terrestrial Vegetation 
In general, the recovery of plants is closely associated with the recovery of affected soils, though 
vegetation may also be directly affected by direct contact (oiling) or toxicological processes. 
Other factors accelerating the recovery of plants include the presence of nearby vegetation 
populations that act as sources for seeds and the use of active clean up and recovery strategies 
(e.g., removal of coated vegetation, reseeding, fertilization of soils). The timing of the release 
also is important as areas that are affected during periods of dormancy tend to recover more 
quickly. Recovery of terrestrial plants is variable and dependent on the severity and areal extent 
of effects, the recovery of soils, the techniques used during emergency response and clean up, 
and the successional stage of the community. 

National pipeline incident data indicate that only 2.5% of pipeline incidents reported to PHMSA 
resulted in the need for active vegetation remediation (PHMSA 2016). 

8.5.1.2.2 Terrestrial Biota 
Terrestrial wildlife, including birds, mammals, and reptiles, may be affected in the event of a 
crude oil release. Recovery of wildlife depends upon the susceptibility, behaviors, and physical 
traits of the species affected. For example, case studies found that reptiles recovered more 
quickly from oiling compared to birds and mammals; this is attributed to the lack of fur or 
feathers that crude oil can adhere to, which helps reduce adverse effects due to physical 
contact. While individual organisms differ in their susceptibility and may experience adverse 
effects, effects to wildlife populations are influenced by life history strategies. The loss of multiple 
individuals may substantially affect some populations, while others may show minimal effects.  

Active wildlife remediation programs are generally associated with the large, widespread 
releases and, consequently, are only reported in 0.4% of releases (PHMSA 2016). 

Historical releases have demonstrated that individual animals, if captured and treated quickly 
following oiling, can survive and often be returned to the wild. If emergency response is prompt 
and strategies to reduce effects to wildlife (e.g., use of wildlife deterrents) are employed, 
recovery can be rapid. Active wildlife remediation programs are generally associated with the 
large, widespread releases and, consequently, are only reported in 0.4% of releases (PHMSA 
2016). 

8.5.1.3 Aquatic Ecosystems 

The recovery of the aquatic ecosystem from a crude oil release is determined by numerous 
factors including site-specific environmental conditions at the time of the release, subsequent 
water flows through the affected area, the environmental media affected, the types of 
environmental receptors affected, the severity and areal extent of the release, the type of oil 
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released, the speed and efficacy of emergency response, and methods for clean-up and site 
remediation. 

8.5.1.3.1 Aquatic Biota 
Aquatic ecosystems directly and indirectly support a myriad of organisms including aquatic and 
riparian vegetation, fish, amphibians, benthic invertebrates, birds, and mammals. Crude oil 
releases can have substantial effects on surface water and the ecosystems it supports. As 
described above in Section 8.5.1.1, Physical Environment, the recovery of surface waters is 
measured by the rate at which petroleum hydrocarbons are removed from the environment, as 
well as the biological recovery of organisms that rely on the affected surface water.  

Factors facilitating the recovery of aquatic ecosystems closely mimic the factors affecting 
recovery of surface waters, including: 

 Prompt and efficient emergency response to remove crude oil from the environment 
 Warm temperatures and nutrient availability to facilitate weathering and biodegradation 
 Presence of upstream populations of fish, wildlife, and invertebrates to facilitate 

recolonization 
 High flows in rivers and inflow in ponds and lakes, which dilute crude oil and flush the 

affected area of hydrocarbons 
 Large waterbody size, which contributes to dilution of crude oil and crude oil constituents 

National PHMSA pipeline incident data show that approximately 1.2% of crude oil releases affect 
fish (PHMSA 2016). 

In general, effects to aquatic ecosystems tend to be temporary and localized in extent. While 
rates of aquatic ecosystem recovery are variable, recovery in flowing systems can begin to 
occur soon after the release event as the crude oil is flushed from the system. Recovery in 
stationary or slow moving waters may take longer as recovery may be more dependent upon 
weathering and other degradation processes, rather than flushing flows. 

8.5.1.4 Human Environment 

Since the late 1960s and the emergence of the environmental movement, great strides have 
been made through the passing of laws and programs for safety and release preparedness, 
communication, and compensation. Three measures of socio-economic recovery from a crude 
oil release are: 1) restoration of daily life activities and monetary reimbursement; 2) the return of 
ecological functionality of affected land and resources; and 3) restoration of the well-being of 
individuals and communities adversely affected by a release through financial compensation 
for damages. Review of literature and case studies demonstrate that communities recover from 
socio-economic effects, and the speed and efficacy of spill response can limit the severity of 
effects to human uses and the area affected by a release, which facilitate recovery rates.  
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Based on recent national incidents reported to PHMSA, approximately 24% of reported incidents 
have occurred within populated areas (PHMSA 2016). Evacuations occurred in 2.3% of releases 
with an average evacuation of 101 evacuees per incident (PHMSA 2016). 

8.5.1.5 Summary 

Recovery rates are affected by numerous factors, including: 

 Condition of the environment prior to disturbance, including natural variability and climatic 
conditions that can affect recovery rates 

 Severity and spatial extent of the disturbance, including the type of crude oil; amount of 
residual crude oil left after initial response and clean up; and the persistence of residual 
crude oil in the environment 

 Environmental conditions that affect crude oil evaporation and degradation rates (e.g., 
temperatures, nutrient and oxygen availability, sunlight) 

 Resiliency and resistance of the ecosystem. Broadly, a species sensitivity to chemical 
exposure and its life history strategy (e.g., “r” or “K” strategists) can strongly influence the 
population’s ability to withstand and recover from an oil release 

 Proximity and mobility of nearby populations that can help quickly re-establish affected 
populations 

 Speed and efficacy of emergency response and clean up 

This review demonstrates that recovery of abiotic and biotic ecosystem components occurs 
after a crude oil release, though the timeframes for recovery are variable due to a variety of 
factors, as described above. Environmental conditions within the affected area, the types of 
environmental media and receptors affected, the severity and areal extent of the release, and 
the speed and efficacy of emergency response and clean up are major factors that affect the 
timeframes for recovery., Some very broad generalizations can be made about recovery rates 
from large crude oil releases as summarized in Table 8-2. 

Table 8-2 Generalized Recovery Rates of Environmental Receptors After a Crude Oil 
Release with Significant Effects 

Environmental Receptor 
Unassisted 

Recovery Rates 
Recovery Rates 

with Remediation References 

Terrestrial soil & vegetation Months to years Days to several 
years 

Belsky 1982; De Jong 1980; Hemmings 
et al. 2015; Nieber 2013; Sparrow and 
Sparrow 1988; Wang et al. 1998; Wein 
and Bliss 1973 

Terrestrial “r” strategists 
(species that tend to be 
short lived, reproduce 
quickly, abundant, and 
high mobility) 

Months to 
several years 

Weeks to months Belsky 1982; Belsky 1975; CHMR et al. 
1990; Robson et al. 2004 
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Table 8-2 Generalized Recovery Rates of Environmental Receptors After a Crude Oil 
Release with Significant Effects 

Environmental Receptor 
Unassisted 

Recovery Rates 
Recovery Rates 

with Remediation References 

Terrestrial “K” strategists 
(species that are relatively 
long lived, slow to 
maturity, low reproduction 
rates) 

Years to 
decades 

Months to years Bodkin et al. 2002; Hemmings et al. 
2015; Saba and Spotila 2003; Stantec 
et al. 2012a 

Surface water Hours to days Hours to days Brown 2015; Hirji 2015. 

Groundwater Decades Years to decades Delin and Herkelrath 2014; Newell 
and Conner 1998 

Aquatic sediments Years to 
decades 

Months to years Fingas 2015; Guiney et al. 1987a; 
Hemmings et al. 2015; Poulton et al. 
1997 

Aquatic biota “r” 
strategists 

Weeks to years Weeks to months Crunkilton and Duchrow 1990; 
Cushman and Goyert 1984; De 
Pennart et al. 2004; Lytle and 
Peckarsky 2001; Pontasch and 
Brusven 1988; Wallace 1990 

Aquatic biota “k” 
strategists 

Years to 
decades 

Months to years Goldberg 2011; Guiney et al. 1987a; 
Kubach et al. 2011 

Socio-economic Years to 
decades 

Months to years Arcadis 2011; Clarke and Hemphill 
2002; Fall et al. 2001; Webler et al. 
2010 

Public perception (local) Years to 
decades 

Years to decades Wooley 2002; Wooley 1995 
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9.0 SUMMARY AND CONCLUSIONS 

As part of the route permitting process for L3RP, the DOC-EERA was directed to complete an 
environmental review. The review was required to include an assessment of large releases of 
crude oil, including the probability of such events, modeling of crude oil releases, and an 
assessment of the potential corresponding environmental effects. Pinhole leaks, which were 
identified as a concern by regulators and the public, are discussed in a separate report. 

To complete this assessment, a number of factors and aspects have been discussed in this 
report, including: 

 How a large release of crude oil might occur and the likelihood of such a release (i.e., a 
threat assessment and failure frequency analysis for the pipeline segments at each of the 
seven representative locations) 

 Likely trajectory and fate (i.e., behavior) of unmitigated large releases (assuming no 
emergency responses within the first 24 hours) of several types of crude oil under different 
geographic, environmental, and seasonal conditions 

 Range of potential effects that an unmitigated large release of crude oil may have on the 
natural and human environment 

 Potential and timing for the recovery of the natural and human environments following a 
large release of crude oil, including how cleanup and remediation can influence recovery 

Scientific studies and monitoring have documented that the effects of exposure to large 
releases of crude oil on freshwater and terrestrial ecosystems are adverse, and that human uses 
in the areas of a release can be negatively affected (Chapters 7.0 and 8.0). However, as 
discussed below, the extent and significance of these effects will depend on many factors, 
including the type and amount of crude oil, the sensitivity of the receptor to crude oil exposure, 
seasonal and environmental conditions, physical conditions such as river flow rates and shoreline 
types, and biological conditions such as shoreline or wetland vegetation cover. 

While effects of exposure to crude oil can be adverse, incident records from past pipeline 
operations, as well as analyses of failure frequencies for the seven representative locations, 
demonstrate that a large release from a new and modern pipeline such as L3RP would be 
unlikely. Modern pipeline design includes a wide range of measures to reduce the likelihood of 
an oil release, including pipeline design, to directly address higher risk segments of the ROW; 
technical specifications for pipeline materials; construction techniques such as deeper burial in 
higher risk segments or HDD under watercourses; operational and emergency protocols for 
pipelines and pump stations; ongoing monitoring and inspection of pipelines; and preventive 
maintenance. 

Further, pipeline operators such as Enbridge, are required to prepare emergency response 
plans, demonstrate response preparedness through regular inspections of response equipment, 
and regularly conduct drill exercises for hypothetical oil releases. As a result, if a release were to 
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occur, emergency responders would be prepared and response actions would be taken swiftly 
(i.e., within hours) to help reduce immediate and long-term effects on the natural and human 
environment. Site remediation and restoration methods have advanced substantially over the 
past two decades, and would help reduce long-term effects on the biophysical and human 
environment and facilitate recovery of affected receptors.  

As described in Chapter 8.0, evidence from actual oil releases demonstrates that biophysical 
and human receptors will recover following exposure to released crude oil, although the 
timeframes for recovery can vary. Effective clean-up of a release, combined with appropriate 
remediation and restoration methods will enhance recovery.  

In reality, if an oil release were to occur, Enbridge would be expected to respond to the release 
within a matter of hours. Accordingly, the modeling of unmitigated large releases of crude oil 
constitutes an unlikely scenario for the proposed pipeline. As a result, the predicted trajectories, 
fates, and effects described here represent worst case scenarios. 

In this chapter, results from the report are summarized with respect to: 

 What is the likelihood of a large release of crude oil? 
 How do different types of crude oil behave? 
 How do seasonal flows and climate conditions influence possible outcomes? 
 How do shoreline vegetation and water body types influence possible outcomes? 
 What are the effects of crude oil exposure for various receptors? 
 Will these receptors recover and how quickly? 

9.1 WHAT IS THE LIKELIHOOD OF A LARGE RELEASE OF CRUDE OIL? 

The primary purpose of this report is to provide quantitative and qualitative information 
regarding the risk of a crude oil release from the proposed L3RP. Risk is defined most concisely as 
the “chance of loss”. Accordingly, in the context of the risk associated with the operation of the 
L3RP pipeline, the term “risk” is used as a joint expression of chance (the annual probability of 
incurring a rupture in the L3RP pipeline), and loss (the consequences associated with such a 
rupture). The failure frequency analysis (Chapter 4.0) focuses on identifying potential threats for 
the seven representative locations along the proposed L3RP pipeline. For those threats that have 
the potential to contribute to the overall failure probability at each representative location, the 
annual probability (frequency) that a large release of crude oil will occur was assessed.  

To address the probability of a large crude oil release, quantitative estimates of rupture 
frequency were determined for each of the seven representative locations. In linear 
infrastructure such as pipelines, the probability of failure over a given time period is proportional 
to segment length, with longer segments being associated with greater probabilities. Therefore, 
given that each of the seven representative sites were associated with river crossings, the length 
of the pipeline segment that was considered in the failure frequency analysis was established 
through a high resolution analysis of outflow and overland spill modeling for each modeled 
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location. Full-bore rupture release scenarios were modeled in OILMAP Land as multiple individual 
releases at intervals of 32.8 ft (10 m) inland from each side of each river crossing. The model 
characterized site-specific local topography and land cover using a release volume specific to 
each crossing to determine whether spill plumes could reach the water body by means of 
overland flow. The length of pipeline defined by endpoints located inland from each river bank, 
over which the spill plume from a hypothetical full bore rupture could impact the water body 
(either directly, or by means of overland flow), was termed the “potential impact segment”. The 
total length of the potential impact segment was the basis of estimating failure probability at 
each of the seven representative locations. 

Having established the potential impact segment at each of the seven representative sites, 
quantitative estimates of rupture frequency for these segments were made, based on a two-
step analysis. The first step involved a Threat Assessment in which the relevant threats for each 
impact segment were identified. As part of the Threat Assessment, approaches for quantifying 
threat-specific rupture frequency were selected, giving consideration to the threat attribute 
data, as well as best practice methodologies. Using these approaches, threat-specific 
quantitative estimates of rupture frequency were then generated for each potential impact 
segment in the second step of the analysis—the Frequency Analysis.  

Potential threats to the L3RP that were examined included: external corrosion, internal corrosion, 
stress corrosion cracking, manufacturing defects, construction defects, equipment failure, third 
party damage, incorrect operations, weather related and outside force, and other threats. The 
threat assessment examined each of these potential threats to the specific segments of the L3RP 
in proximity to the seven representative locations, taking into account the design, materials, and 
construction and operational attributes for the pipeline.  

The threat assessment showed that with the exception of “stress corrosion cracking” and “other 
threats”, all of the remaining potential threats for the seven representative locations contributed 
to overall failure frequency. These potential threats were included in the quantitative assessment 
of failure frequency for that potential impact segment. Equipment failure (which addresses the 
failure of non-pipe components such as valves or equipment within pump stations) was not 
included in the failure frequency analysis, as none of the potential impact segments considered 
for the seven representative locations included non-pipe components.  

To be consistent with the assessment of full bore ruptures in the consequence analysis, the 
frequency analysis focused on the occurrence of ruptures (as opposed to smaller leaks) within 
the potential impact segment. Based on the guidance provided in the Threat Assessment, the 
frequency analysis estimated rupture frequency for each of the seven representative locations 
using optimal approaches for each threat. These approaches included: 

 Methods based on Industry Incident Data—PHMSA Hazardous Liquids Database, 2010-2015 
(threats assessed using this method included manufacturing defects, construction defects 
and incorrect operations) 
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 Methods based on mechanistic, reliability approaches (external corrosion, internal corrosion, 
and third party damage) 

 Site-specific evaluation of hydrotechnical and geotechnical hazards (weather related and 
outside forces) 

The annual probability values, as well as the average annual return periods (defined as the 
inverse of the annual probability values) for each of the potential impact segments are 
summarized below: 

Table 9-1 Annual Probability of Rupture and Average Return Period within the 
Potential Impact Segment for Each of the Seven Potential Impact 
Segments 

Site Number 

Annual Probability of 
Rupture 

Average Return Period 
(yr) 

L3RP L3RP 

1—Mosquito Creek 3.402 x 10-06 293,945 

2—Mississippi River at Ball Club 3.961 x 10-07 2,524,615 

3—Sandy River 1.939 x 10-06 515,730 

4—Shell River 4.388 x 10-06 227,894 

5—Red River 2.781 x 10-06 359,583 

6—Mississippi River at Palisades 2.527 x 10-06 395,726 

7—Mississippi River at Little Falls 2.287 x 10-06 437,254 

 

As noted above, for linear infrastructure, such as pipelines, the likelihood of incurring a failure at 
some point along a pipeline segment increases as the length of the segment that is being 
considered increases. This is reflected in the above results, with the longest potential impact 
segment (the 2,543 ft-long segment associated with the Shell River crossing), having the greatest 
probability of failure. 

The annual likelihood of a large crude oil release occurring within the seven potential impact 
segments for L3RP ranges from 4.388 x10-06 to 3.961 x 10-07. These failure frequencies are 
equivalent to average annual return periods from 227,894–2,524,615 years. Based on these 
values, large releases of crude oil from the proposed L3RP at any of the seven sites evaluated 
are considered to be unlikely. 

9.2 HOW DO DIFFERENT TYPES OF CRUDE OIL BEHAVE? 

Crude oils and refined petroleum products are complex mixtures of many thousands of different 
hydrocarbon compounds derived from naturally occurring geological formations. Each has 
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physical and chemical properties (e.g., viscosity, density, solubility, volatility) that reflect its 
composition and affect its transport and fate, once released into the environment (NRC 2003). 

When released into the environment, various weathering processes work to break down the 
hydrocarbons into primarily carbon dioxide and water. The rate of these natural weathering 
processes depends principally upon the type of crude oil (i.e., the specific mixture of 
hydrocarbon compounds present), and the characteristics of the receiving environment 
(e.g., location of the release, season, and weather conditions). 

A range of product types are expected to be shipped in the L3RP pipeline, including heavier 
crude oils such as diluted bitumen and lighter crude oils such as Alberta Light Sweet Crude. To 
account for the differences in the types of crude oil that could be transported and the range of 
behaviors these oils would have within the environment, both a light crude oil (i.e., Bakken 
Crude) and two different blends of a single heavy crude oil (i.e., CLB) were considered in the risk 
analyses. The latter type of crude oil has a chemical composition that varies throughout the 
year, and was represented in the modeling as CLSB and CLWB. These two types of crude oil 
(Bakken Crude and CLB) represent products that exist within the spectrum of crude oil types 
commonly encountered in North America (Lee et al. 2015). 

CLB is a diluted bitumen (often referred to as dilbit) with density and viscosity values that are in 
the upper range of values allowed by pipeline tariff specifications (typically less than 0.94 g/cm3 
at 15°C); both the modeled CLSB and CLWB have a density of approximately 0.92 g/cm3 
(Environment Canada 2016; Horn 2016). Because seasonal variations in environmental 
temperature affects the viscosity of diluted bitumen, the amount of condensate or other diluent 
added to the bitumen feedstock is adjusted through the year to meet shipping requirements to 
maintain the desired viscosity required for pumping. In turn, this also affects the density and 
viscosity of the crude oil, and the amount of soluble and volatile hydrocarbons present, which 
can result in slightly different behaviors. 

Bakken crude is a light sweet crude oil with a sulfur content less than 0.2 wt.%; it is similar to many 
other light sweet crude oils produced and transported in the United States (Auers et al. 2014). 
The light end concentration of Bakken crude is between 3 and 9%, with 5% being typical (NDPC 
2016). The Bakken crude oil used for modeling in this study had a density of 0.82 g/cm3. 

The time of year when a release occurs can have an important effect on the fate of crude oil 
due to differences in the temperature of the air, water, or soil; presence and depth of snow 
cover; presence and percent coverage of ice on water surfaces; and the depth of the active 
soil layer. During winter, cold air temperatures can increase the viscosity of released crude oil 
(i.e., make it thicker) so that it would spread more slowly, and potentially solidify. Temperature 
also affects the rate of evaporation of the volatile fraction of hydrocarbons; less of these 
fractions will evaporate, and will do so more slowly in colder temperatures than warmer 
temperatures. Frozen ground can limit the depth of penetration of any release. Variations in 
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weather can also affect the ability of responders to detect, contain, or clean up a release 
(e.g., ice, torrential rains or flood events can make recovery of crude oil more challenging).  

A large number of physical and chemical processes govern the fate of released crude oils 
(Figure 9-1). These same processes drive the potential for exposure and the types of effects that 
can occur to ecological, land cover, and human receptors.  

 

Figure 9-1 Crude Oil Fates Processes in Lakes and Rivers (Horn 2016) 
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Differences in the varying weathering processes for Bakken crude oil and CLB are summarized 
below: 

Process 
Comparison of Types of Crude Oil 

(Bakken, CLB and CLWB) 

Spreading Light crude oils such as Bakken are anticipated to spread more quickly due to their 
relatively low viscosity, when compared to heavier crude oils such as CLB. 

Oil particle 
aggregation 
(binding of oil to 
sediment particles) 

Any crude oil (including Bakken and CLB) can form OPAs, as they tend to adsorb to 
mineral and, especially, organic particles that are within the water column. The 
dispersion of crude oil into the water column as fine droplets, where it can interact 
with suspended sediment particles, is a necessary first step in this process for the 
formation of typical OPAs.  

Evaporation Losses through volatilization are greater in lighter crude oils such as Bakken, relative 
to CLB, as the composition of lighter crudes includes a larger proportion of volatile 
compounds.  

Dispersion Bakken crude will disperse more readily into the water column, when compared to 
CLB, due to its low viscosity and, therefore, the low amount of energy required to 
entrain this crude oil. This has implications for the potential formation of OPAs, as 
well as for the dissolution of relatively water soluble constituents of hydrocarbon and 
potential toxicity to aquatic life. 

Dissolution Bakken has a higher potential for dissolution, when compared to CLB, due to a 
larger percent composition of soluble lighter ends and lower viscosity. Due to the 
larger amount of condensate added, CLWB has more soluble compounds than 
CLSB.  

Emulsification In general, heavier crude oils emulsify more readily than lighter crude oils, although 
recent reports suggest that diluted bitumens do not readily emulsify (Fingas 2015). 

Benthic deposition 
or sinking 

Crude oils (including diluted bitumens) rarely weather sufficiently in the natural 
environment to result in a density greater than 1.0, so they tend to remain floating 
on the water surface unless other factors further modify the density. Formation of 
OPAs is the process most likely to result in released crude oil achieving a density (in 
combination with entrained or adhering mineral particles) that is greater than 1. The 
formation of an OPA and the density of the aggregation depends on a number of 
factors including the viscosity and density of the crude oil; the salinity and mixing 
energy available in the water body; and the concentration of suspended sediment 
present. Oil that strands along shorelines can also contact and bind to coarser 
sediment particles (e.g., sand and gravels) resulting in an aggregation that can sink 
if it enters the water body.  

Photo-degradation Bakken is likely subject to increased photo-oxidation relative to CLSB and CLWB. 
Diluted bitumens contain more resins and asphaltenes than lighter crude oils, and 
these hydrocarbons tend to be more resistant to weathering through photo-
degradation. 

Biodegradation Accelerated in the presence of abundant oxygen and nutrients and at moderate 
temperatures; saturates and aromatics are expected to biodegrade within weeks 
(straight-chained aliphatics) to years (highly branched aliphatics to multi-ringed 
aromatics). Diluted bitumens contain more resins and asphaltenes than lighter 
crude oils, and these hydrocarbons tend to be more resistant to weathering through 
biodegradation. 
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Lighter crude oils such as Bakken tend to more readily evaporate, disperse and dissolve relative 
to diluted bitumen (diluent notwithstanding), resulting in a greater potential for toxic effects to 
the atmosphere, as well as biological communities residing in lakes and rivers. In addition, 
volatile compounds may result in potential inhalation exposure for human receptors.  

Heavier crude oils tend to adhere to vegetation and soils along riparian banks and lakeshores 
that are within the predicted trajectory of an oil release, and tend to expose biological 
receptors that inhabit these areas. In general, heavier crude oils are more persistent and, as a 
result, may expose receptors over a longer period of time, relative to lighter crude oils.  

Importantly, the specifics of any given incident will drive the fate and effects of released crude 
oil and refined petroleum products. Swift and effective containment of released crude oil, as 
well as cleanup, remediation and restoration will help to reduce the scale and magnitude of 
adverse effects (Lee et al. 2015). The influence of seasonal flows, climate condition, water body 
type and shoreline vegetation on the outcomes of a large release of crude oil is discussed 
below. 

9.3 HOW DO SEASONAL FLOWS AND CLIMATE CONDITIONS 
INFLUENCE POSSIBLE OUTCOMES? 

The downstream transport and fate of released crude oil is largely determined by river flow 
conditions and the type of crude oil. Three seasonal periods were considered in the modeling for 
L3RP: high river flow, coinciding with the spring freshet; average river flow, during summer or fall; 
and low river flow in winter, typified by freezing conditions and probable ice cover on the water 
surface. 

Under high river flow conditions, the maximum downstream transport of released crude oil was 
predicted. Bakken crude oil is predicted to evaporate more, have a greater or equal proportion 
remaining on the river surface (or lake), and travel farther downstream, as compared to CLB. 
However, in the event of an actual release, it is expected that the downstream extents of both 
crude oils may be more similar, although the distribution of diluted bitumen may be patchier 
than light crude oils. Light oils such as Bakken crude oil are predicted to spread more thinly on 
the water surface with less adhering to riverbanks than heavy oils.  

As a result of lower water velocities during average river flow conditions, both types of crude oil 
are predicted to travel a shorter distance downstream than during high flows. The fate of both 
crude oils during average flow conditions would be similar to those described for high flow 
conditions. However, evaporative losses could be greater in summer due to hotter ambient 
temperatures, or more comparable due to the lower surface area and the resulting reduction in 
evaporative surface due to less downstream transport. Evaporative losses would typically be 
higher for light crude oils such as Bakken, when compared to heavier crude oils such as CLB. 
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Under low river flow conditions, the predicted downstream extents of Bakken crude oil and 
CLWB was much less than during either the high flow or average flow period for most sites. The 
tendency for shorter downstream distances during the low flow period (i.e., winter) reflects the 
lower velocity of water in streams during the winter period, as well as adhesion to the 
undersurface of the ice (in SIMAP modeled cases). Ice cover on rivers and lakes during the 
winter would strongly limit or prevent evaporation to the atmosphere for both types of crude oil.  

There was one exception in predicted downstream transport. Modeling for the Mississippi at Ball 
Club for both types of crude oil indicates that downstream transport was similar among all 
seasonal flows due to the large amount of shoreline oil retention.  

As the primary objective of the modeling was to assess the trajectory, fate and effects of large 
releases of crude oil from a worst case perspective, only one of the seven representative 
locations (i.e., Mosquito Creek) included substantial overland flow of crude oil. The Mosquito 
Creek location was not a water crossing, but rather required overland flow to a seasonally 
variable, upper portion of the creek. At all other locations, overland flows of released crude oil 
and associated effects were generally not modeled because environmental effects of land 
releases of crude oil on soils, terrestrial vegetation and groundwater quality are limited in spatial 
extent (i.e., local), and readily remediated using conventional cleanup techniques (i.e., a 
release to land, or overland flow, is not a worst case event). Therefore, the environmental effects 
of a crude oil release on land cover receptors were not considered further in this assessment. 

9.4 HOW DO SHORELINE VEGETATION AND WATERBODY TYPES 
INFLUENCE POSSIBLE OUTCOMES? 

As noted above, differences in the downstream travel of crude oil are strongly influenced by 
river flow conditions (water volumes and resulting water velocity) and crude oil type. However, 
the type and density of shoreline vegetation and the waterbody type(s), also influence the 
downstream movement of crude oil.  

Light crude oils such as Bakken would be expected to travel further downstream than the CLB 
due primarily to differences in shoreline oil retention. Larger amounts of CLB are predicted to 
strand as a thicker layer of oil on a given length of shoreline, than for the Bakken crude oil. 
Conversely, the same amount of Bakken crude oil could affect a greater length of shoreline, 
with a lesser thickness of oil.  

As described in Chapter 5.0, the rate of oil loss to adhesion and puddle formation depends 
primarily on the physical characteristics of the land surface (vegetation type, land cover, slope) 
and the physical characteristics of the released product. Wetlands, including woody and 
herbaceous wetlands, have the highest oil retention values, followed by deciduous, evergreen 
and mixed forest (Table 5-1). Shrubland, grasslands and herbaceous cover, row crops and bare 
soil and rock have the lowest oil retention values. When comparing oil types, heavy crude oil will 
adhere more thickly to each of these surfaces than light crude oil (Table 5-2). 
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The type of water body and the associated river (or lake) flow conditions also affect the speed 
and distance that released crude oil may travel. The surface area of a water body and degree 
of mixing (e.g., turbulence or wave energy, especially sites such as waterfall or rapids) directly 
affects the rates of evaporation, dispersion (entrainment), dissolution, and photo-oxidation of 
released crude oil on the water surface, as well as the extent of spreading before crude oil 
reaches a shoreline or wetland (where adhesion could occur).  

For the types of water bodies considered in this assessment, watercourses with well-defined 
channels and higher river flow rates tended to carry crude oil further and faster than sinuous and 
slower moving watercourses of a similar width and depth. This reflects not only the greater water 
velocity and volumes in well-defined water channels, but also the types of shorelines (i.e., 
typically dominated by shrublands, grass and herbaceous cover and bare substrates) and the 
lower oil retention value for these types of shorelines. In contrast, sinuous water courses have 
slower water flows and are typically associated with wetlands and riparian forests which have a 
high oil retention value.  

As noted for the Mississippi River at Little Falls site, when crude oil releases move over turbulent 
water (e.g., rapids, tailraces, weirs or waterfalls), there could be substantial entrainment of crude 
oil into the water column. Entrained oil droplets in the water column would rise to the surface in 
downstream quiescent reaches of the watercourse. Downstream from the turbulent water areas, 
the dissolved aromatic hydrocarbon concentrations in the water column would increase, as the 
soluble portion of oil droplets forced into the water column dissolve into the water. Light oils such 
as Bakken crude oil that are exposed to such turbulent conditions would typically result in higher 
amounts of dissolved hydrocarbons in the water column, than would be the case for heavy 
crude oils such as CLB. Volatilization of the soluble compounds from the water would occur, as 
well as biodegradation. 

When crude oil is mixed through the water column by turbulent mixing processes, there is also 
increased potential for small oil droplets that are suspended in the water column to interact with 
suspended sediments (i.e., the formation of oil-particle aggregations). This process is strongly 
influenced by the amount of suspended particulate matter in the water column. When diluted 
bitumen products (e.g., CLB) are dispersed in the water column and weather, they tend to 
adsorb to mineral and, especially, organic particles more than lighter crude oils. However, when 
diluted bitumen is on the water surface or along shorelines, natural weathering processes can 
actually increase the viscosity of heavy oils to a point where entrainment becomes less likely. 
Without this crude oil being in the water column, interactions between oil and suspended 
particulate matter may be reduced. 

9.5 WHAT ARE THE EFFECTS OF CRUDE OIL EXPOSURE? 

Overall, the effects of a release of light crude oil are expected to be similar to the effects of a 
heavy crude oil release, although at the level of the various ecological and human environment 
receptors, either type of crude oil may be predicted to have more or less spatially extensive or 
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severe effects. For example, for sediment, shoreline and riparian areas, lighter crude oil is often 
predicted to have less severe but more spatially extensive effects than heavier crude oil, due to 
its lower viscosity and adherence to shoreline substrates and riparian vegetation. For the other 
receptors (e.g., river and lake habitat, aquatic plants, benthic invertebrates, fish, amphibians 
and reptiles, birds and semi-aquatic mammals, air quality, human receptors, and public use of 
natural resources), the relative magnitude of effects of lighter and heavier crude oils are 
variable, depending upon site-specific conditions, and also depending upon whether acute or 
chronic effects are being considered.  

9.5.1 Aquatic Receptors 

The effects of a crude oil release on benthic invertebrates and fish depend on the 
characteristics of the released crude oil and environmental conditions at the time of the release. 
Acute toxicity to fish is commonly but not always observed in association with crude oil releases, 
and is an indicator that, at least briefly, concentrations of dissolved hydrocarbons in the water 
column are sufficiently high to cause acute toxicity due to narcosis. Where water flow in rivers is 
sufficiently rapid and turbulent to entrain crude oil as small droplets in the water, the potential for 
acute toxicity to fish (including eggs and embryos) and benthic invertebrates could be greater 
for the light crude oil than for heavier crude oils. There is also potential for phototoxicity from a 
crude oil release in summer due to high light intensity and long day length, especially for small 
fish that are lightly pigmented or transparent. 

Where they occur, floating aquatic plants would be expected to be killed if contacted by a 
crude oil slick. Submerged aquatic plants would be less vulnerable, as their exposure to 
dissolved hydrocarbons would be brief, and they are not considered to be among the most 
sensitive groups of aquatic biota. Mortality of aquatic and riparian vegetation could affect the 
biological integrity and productivity of the habitat, and potentially lead to erosion and further 
damage to the habitat. 

During the winter (low flow) period, if a release of crude oil occurred onto the ice, the ice layer, 
as well as absorption of crude oil by snow, could substantially reduce the exposure of aquatic 
environments to oil. However, if crude oil was released directly to the river below the ice, or 
crude oil travelled along the ice surface and penetrated openings in the ice, the crude oil could 
travel downstream under the ice, accumulating in the narrow gap between the ice and the 
sediment along the river bank, or accumulating in hollows under the ice. For both types of crude 
oil, the winter ice would effectively inhibit evaporation, while providing greater potential for 
dissolution into the water column during the period of lowest dilution and water flow (i.e. lower 
volume of water moving through the river channel). Mortality of fish due to narcosis could occur 
and would be more likely for the light crude oil. The heavy crude oil would tend to remain in 
thicker localized accumulations, and rapid dissolution is less likely. As fish eggs and larvae would 
generally not be present during the winter, adult fish would be most affected. However, if crude 
oil residues in water and sediment remained, they could affect fish eggs and larvae in the 
following spawning season. Both crude oil types could be accumulated in sediment after a 
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release in winter, and both crude oil types would be subject to re-mobilization with spring 
breakup of the ice, and increasing water flow rates. 

9.5.2 Semi-Aquatic Wildlife Receptors 

Amphibians (e.g., frogs, salamander), reptiles (e.g., turtles, snakes), birds (e.g., ducks, geese, 
shorebirds, raptors) and semi-aquatic mammals (e.g., muskrat, beaver, mink and otter) are 
present in many areas along the proposed pipeline route. If amphibians (adults, juveniles, or 
eggs) are directly exposed to crude oil, oiling effects, including mortality, could occur. Mortality 
of turtles is less likely, as these species appear to be relatively tolerant of external crude oil 
exposure. Reptiles like lizards and snakes are primarily terrestrial species and are less intimately 
associated with aquatic environments. During the winter (and likely up until April when winter ice 
is gone), amphibians and reptiles undergo a winter dormancy period and, as a result, would 
have a limited potential for exposure during the winter to released crude oil moving on the 
water surface or within the water column.  

If exposed to external oiling, the ability of birds and mammals to maintain body temperature 
may be compromised, leading to death as a result of hypothermia. Birds and mammals that 
survive external oiling may experience toxicological stresses as a result of ingesting crude oil 
residues during preening/grooming or ingesting food. Birds can also transfer potentially lethal 
quantities of crude oil residue from their feathers to the external surface of eggs. Waterfowl and 
other semi-aquatic birds and mammals present in the affected rivers and lakes would be most 
affected. Animals upstream, farther downstream, or occupying other nearby habitats would 
likely be less affected, as it is assumed that emergency response measures to prevent or reduce 
further possible downstream transport of crude oil would be in place within 24 hours of the 
release. Timely capture and rehabilitation of oiled birds and mammals may help to mitigate the 
environmental effects of a crude oil release. 

9.5.3 Human and Socio-Economic Receptors 

Effects on air quality from a release of crude oils have the potential to temporarily disrupt human 
use and occupancy patterns. Light crude oils typically contain more VOCs than heavier crude 
oils, although the VOC content of diluted bitumen may be similar to that of light crude oil, 
depending on the type and quantity of diluent used in its manufacture. Air quality and 
subsequent human exposure to VOCs in the vicinity of the release of crude oil would be most 
affected within the first 24 hours of the oil release. In the event of an actual release, emergency 
response workers, in cooperation with public health and safety officials, would be active in 
isolating, containing and recovering released crude oil, as well as notifying the public about the 
release.  

Light crude oil is typically expected to travel a similar or greater distance downstream under 
spring and summer conditions than heavy crude oil. As a result, environmental effects on air 
quality are predicted to be spatially similar for light and heavy crude oil types. Under winter 
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conditions, cold temperatures, ice cover and absorption of crude oil into snow pack would 
strongly limit emissions of VOCs and human exposure, in addition to constraining the area of 
effects. 

Some homes located along the trajectory of a predicted release could rely on groundwater as 
a drinking water source. In the event of a crude oil release, people would be notified and testing 
of wells would be completed to confirm the safety of the water supply. It is unlikely that a crude 
oil release to any of the modeled rivers/creeks/lakes would result in adverse health effects to 
consumers of drinking water. Where surface water is used as a source of water supply, the 
operators of such systems would be notified immediately upon the detection of a release, so 
that the situation could be monitored. Unprotected drinking water intakes in the path of a crude 
oil release would be temporarily closed until it was confirmed that the surface water was safe as 
a drinking water source.  

Recreational activities would be disrupted following a release of crude oil along the predicted 
downstream trajectory of the release. Fisheries regulators and public health officials typically 
close fisheries until it is confirmed through monitoring that fish consumption is not a threat to 
public health. This standard approach is an effective mitigation strategy to protect human 
receptors from contact with constituents in the crude oil. 

9.6 WILL RECOVERY OCCUR? 

The recovery of biophysical and human receptors from exposure to crude oil is affected by 
numerous factors, including: 

 Condition of the environment prior to disturbance, including natural variability and climatic 
conditions that can affect recovery rates 

 Severity and spatial extent of the disturbance, including the type of crude oil 
 Amount of residual crude oil left after initial response and clean up 
 Persistence of residual crude oil in the environment 
 Environmental conditions that affect evaporation and weathering of crude oil (e.g., 

temperatures, nutrient and oxygen availability, sunlight) 
 Resiliency and resistance of the ecosystem (broadly, a species’ sensitivity to chemical 

exposure, as well as its life history strategy, can strongly influence the population’s ability to 
withstand and recover from a crude oil release) 

 Proximity and mobility of nearby populations that can help quickly re-establish affected 
populations 

 Speed and efficacy of emergency response and clean up 
 Use of remediation and restoration measures (if required) 

As discussed in Chapter 8.0, recovery of abiotic and biotic ecosystem components occurs after 
a crude oil release, although the timeframes for recovery are variable due to a number of 
factors. Environmental conditions within the affected area, the types of environmental media 
and receptors affected, the severity and areal extent of the release, and the speed and 
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efficacy of emergency response and cleanup are major factors that affect the timeframes for 
recovery. 

9.7 CONCLUSIONS 

The proposed L3RP will be built and operated to the standards for new and modern pipelines. 
The design, material specifications, construction methods, and operational protocols, including 
inspection and preventative maintenance, will help to reduce the likelihood of a crude oil 
release. Based on the failure frequency analyses for the seven representative locations, a large 
release of crude oil from the L3RP is considered unlikely. 

While a large release of crude oil is unlikely, when freshwater or terrestrial ecosystems and 
human uses are exposed to a release of crude oil, effects are adverse. The significance of these 
effects can range from minor on local and regional receptor populations or uses, to substantial 
on a major portion of the exposed receptor population or uses. The significance of the effects of 
a crude oil release on a receptor will depend strongly on: 

 Receptor itself in terms of its vulnerability to exposure to crude oil, and its sensitivity, if it is 
exposed to crude oil 

 Type and volume of crude oil released 
 Timing and location of the release relative to seasonal occurrences and locations of sensitive 

receptors and uses 
 Climatic and site conditions at the time of the release 
 Ability of responders to contain the release 
 Speed, type and extent of cleanup, remediation, and restoration activities 

This report assessed potential effects of an unmitigated large release of crude oil. In the unlikely 
event of an actual release of crude oil, swift and effective emergency response and cleanup 
measures would help reduce the extent of effects and help promote recovery of the affected 
receptors. Similarly, remedial actions and habitat restoration measures, as appropriate, would 
help further reduce many of the expected effects, while also aiding in recovery of freshwater 
and terrestrial environments, as well as human uses. 
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