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EXECUTIVE SUMMARY 
Study Summary 

Oil spill trajectory and fate modeling was performed to support an application required to meet the DWP regulations 
of the U.S. Coast Guard (USCG) and U.S. Maritime Administration (MARAD). This assessment  investigates the 
risks (likelihood and consequences) associated with activities related to the Blue Marlin Offshore Port (BMOP), 
the “Project”, in the Gulf of Mexico (GOM) and includes hypothetical discharges of oil that may result from 
accidental or intentional events (e.g., terrorism) that may compromise cargo containment. To assess the risk of 
crude oil spills associated with the Project, modeling was performed to assess the potential consequences 
following hypothetical unmitigated discharges of oil at various locations along the pipeline, at the preferred and 
alternative offshore platform locations, and from several types of vessels associated with the Project. A 
combination of the two-dimensional overland and downstream trajectory and fate model, using OILMAPLand, and 
the three-dimensional in-water oil fate and biological effects model, Spill Impact Model Application Package 
(SIMAP), were used to characterize the range of trajectory, fates, and potential biological effects in the event of 
several hypothetical discharges. Multiple scenarios were used to bound the range of predicted movement, 
behavior, and potential effects following a range of conservatively large volume discharges of oil based upon the 
expected geographic and environmental variability over multiple years. On-land oil spill modeling was conducted 
using OILMAPLand at 30.5 m (100 ft) intervals along the pipeline and at watercourse crossings. The hypothetical 
in-water discharge locations that were investigated span the distance from the tank farm to the preferred and 
alternate offshore platform and include two inland locations (Neches River and Sabine Lake) and a nearshore 
location.  

Study Goals 

There were several goals of the modeling study. On-land oil spill modeling was performed to assess the risk of 
crude spills from the onshore portions of the Project pipeline onto land. Additionally, a stochastic oil spill 
assessment was used to provide an understanding of the probability and minimum time to exposure from 
unmitigated discharges of oil into inshore regions of the Neches River, Sabine Lake, and offshore GOM. Separate 
highly conservative thresholds were investigated for oil on the water surface and on shorelines. The goal was to 
identify the areas that may be susceptible to contamination as well as the associated minimum time to exposure 
based upon variable environmental conditions. To conservatively determine the approximate magnitude of 
potential contamination from a single credible “worst-case” scenario (i.e., with spatially- and temporally-varying 
concentrations, rather than simply the knowledge of a threshold exceedance), one individual deterministic scenario 
was selected from each stochastic simulation to represent 95th percentile maximum shore length contaminated.  

Subsequent to the modeling, an oil spill consequence assessment was performed. The goals of the consequence 
assessment were to discuss the modeling results relative to the environment. It included descriptions of the major, 
sensitive, and critical nearshore habitats present in the GOM with additional focus on coastal, nearshore, and 
offshore Texas; provided the results of the High Consequence Area (HCA) Analysis for both the OILMAPLand and 
SIMAP results; analyzed the potential ecological impacts of the spills with regards to habitats and generalized 
exposure thresholds; reviewed habitat recovery rates and best measures that could be taken to mitigate potential 
impacts based on habitat and oil types; and finally provided a pool fire analysis.  

Geographical Data 

Geographical data including habitat mapping and shoreline identification and classification were obtained from 
multiple data sources. The NOAA ESI datasets provided detailed shoreline type data for each of the states within 
the United States. The regions outside of the United States that were incorporated in the habitat grid lacked 
detailed shoreline type data. The land and water boundary for Mexico was defined using the 2008 NOAA National 
Operational Hydrologic Remote Sensing Center Mexican State Boundaries dataset. A single shoreline type of 
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sand beach was assigned to the entire Mexican and Cuban coasts within the model domain. Bathymetry was 
characterized using databases provided by the USACE, NOAA National Geophysical Data Center, and GEBCO 
(General Bathymetric Chart of the Oceans). 

Wind and Currents 

Wind data for this study were obtained from NOAA’s National Center for Environmental Prediction (NCEP) 
provides the North American Regional Reanalysis (NARR) dataset. Currents in the inshore regions, including the 
Neches River and Sabine Lake, were generated using RPS software WQMAP/BFHYDRO, which is a general 
curvilinear-coordinate, boundary-fitted hydrodynamic model that can be used to generate tidal or river elevations, 
velocities, and salinity and temperature distributions. Currents for the offshore GOM region were characterized 
using the HYCOM hydrodynamic model output that was obtained in April 2015 from Dr. Eric Chassignet at the 
Center for Ocean-Atmospheric Prediction Studies (COAPS) at the Florida State University. In addition to the 
HYCOM currents, nearshore spatially- and temporally-varying tidal current fields were generated using the RPS 
model HYDROMAP for incorporation into the offshore modeling.  

All data were acquired and used for the period between January 2005 and December 2010. This corresponded 
with the most recent long term (6 year) reanalysis period, meaning the same code-base (which is updated 
regularly) was used to drive a hind-cast of the coupled hydrodynamic and wind model. In essence, variability within 
this dataset would be associated with natural environmental variability and not any changes to the way the met-
ocean modeling was conducted. 

Stochastic Analysis 

A stochastic analysis was conducted for each hypothetical discharge location, consisting of 145 individual modeled 
simulations within each stochastic scenario. Each simulation was initialized with a different start date/time between 
2005-2010 to sample a range of environmental conditions. Results of the stochastic analysis included probability 
footprints above specified highly conservative thresholds for surface and shoreline contact and minimum time to 
oil exposure.  

It is important to note that although large footprints of oil were depicted for stochastic analyses, they are not the 
expected distribution of oil from any single discharge. These maps do not provide any information on the quantity 
of oil in a given area. They simply denote the probability of oil exceeding the specific threshold passing through 
each grid cell location in the model domain at any point over the entire model duration (14 or 60 days), based on 
the entire ensemble of simulations (145 individual discharges). Only probabilities of 1% or greater were included 
in the map output, as lesser probabilities represent random variability in the set of 145 trajectories.  

Deterministic Analysis 

Representative deterministic scenarios (i.e., single trajectory) were identified from each set of stochastic results of 
subsurface blowouts. Individual scenarios were selected based upon the length of shoreline contacted with oil, 
contingent upon a set of highly conservative socio-economic thresholds: 

• Surface oil average thickness >0.1 g/m2, 

• Subsurface (within the water column) dissolved hydrocarbon concentrations >1.0 µg/L, 

• Shore oil average concentration >1.0 g/m2. 

The selected scenarios (individual runs) for deterministic analysis included the identified 95th percentile scenarios 
for shoreline oil length predicted to be affected by the modeled discharges. The hydrocarbon trajectories provide 
a history of predicted oil transport throughout the modeled domain in both time and space. Components of the oil 
are tracked as entrained droplets of oil, dissolved hydrocarbons in the water column, floating surface oil, stranded 
oil on shorelines, and oil in the sediment. 
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Results 

Stochastic results are useful in planning for oil spill response as well as environmental assessments, as they 
characterize the probability that regions may experience oil exposure above specified thresholds, taking into 
account the environmental variability (i.e. winds, currents, tides, etc.) that may be expected over long periods of 
time. Many scenarios were simulated over multiple years to capture the different environmental forcing (e.g., 
variable wind and current speed and direction) that may be possible.  

A total of 145 unique model simulations were conducted for each stochastic analysis for each hypothetical 
discharge scenario (24 total stochastic scenarios) for a total of 3,480 individual model simulations, all of which 
represent unique discharge events. Overall, the larger volume scenarios modeled at the Sabine Lake location 
resulted higher probabilities of threshold exceedance for both surface oil and shoreline oiling when compared to 
the smaller volume Neches River discharge scenarios. In addition, variable winds, tidal cycling, and gravitational 
spreading had the potential to result in further transport of the oil across the lake surface, as opposed to the 
confined channel of the Neches River. Due to the conservative nature of the spill parameters and excluding any 
mitigation tactics, all scenarios have the potential for surface oil to reach the Gulf of Mexico. 

In general, the probability of exposure to surface oil >0.1 g/m2 was predicted to be highest in the immediate vicinity 
of the discharge locations. For the Bakken oil, Sabine Lake scenario, >50% of the surface area of the Lake was 
predicted to exceed surface oil threshold more than half of the time. Due to the more persistent nature of Cold 
Lake Blend (CLB), >75% of Sabine Lake would be predicted to exceed the surface oil thickness threshold more 
than half of the time. The minimum time of exposure to surface oil >0.1 g/m2 was typically 0.5 day for most of 
Sabine Lake, due to potential transport of surface oil by currents, winds, and gravitational spreading. However, 
over the course of 1-2 days, if unmitigated, oil may be transported through Sabine Pass and out into the GOM. 
For the Sabine Lake scenario, oil was most likely to strand on the western shorelines. Due to the more persistent 
nature of CLB, higher probabilities of shoreline oiling were predicted throughout the model domain, when 
compared to the Bakken oil scenario. 

For the Neches River scenarios, shoreline oiling probabilities >50% were predicted within a 10 km region centered 
around the hypothetical release location for Bakken oil, with slightly higher probabilities for CLB.  Similar to the 
Sabine Lake scenarios, the CLB discharges simulated in the Neches River were predicted to have larger areas of 
surface oil threshold exceedance than the simulated Bakken discharges due to CLB being a more persistent oil. 
The minimum time to shoreline oil was predicted to be <0.5 day, along this 10 km region, with the Intracoastal 
Waterway being impacted in 2-5 days (from north to south), with some potential for oil leaving Sabine Pass after 
6-8 days without incorporating any mitigation or spill controls. 

Due to the volatile nature of Bakken oil, lower probabilities of surface oil exceedance were predicted at greater 
distances from the release location, when compared to CLB. Therefore, scenarios modeled with Bakken oil 
generally had smaller areas of the highest probabilities of threshold exceedance for surface oil, when compared 
to the scenarios modeled with the same volumes of CLB. 

For the offshore scenarios, surface oil and shoreline oiling exposure were heavily dependent on the discharge 
location, oil type, and discharge volume that was modeled. Overall, scenarios modeled with the Bakken oil and 
diesel fuel exhibited smaller impacts for surface oil exposure and shoreline oiling threshold exceedances, when 
compared to scenarios modeled with the far more persistent CLB and HFO 380. In essence, Bakken oil and diesel 
were predicted to evaporate rapidly, resulting in lower potential for threshold exceedances of surface oil and 
therefore lower potential for shoreline oiling. As would be expected, larger release volumes (e.g., VLCC WCD 
scenarios) were predicted to result in the larger surface oil probability footprints and therefore more shorelines 
were predicted to be susceptible to stranding oil. 

For discharges that occurred at the platform and CALM locations, furthest offshore, the highest potential likelihoods 
of surface oil threshold exceedances were relatively radial around the release location, with the potential for 
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eastward and particularly westward transport at much greater distances and lower probabilities. For the discharges 
that were simulated at the nearshore location, the highest potential likelihood for threshold exceedances were 
predicted to the west. 

Similar to the Inshore / Coastal scenarios, the shoreline oiling was directly related to the surface oil footprints. Oil 
was predicted to make contact with shorelines in as little as 2-5 days for offshore scenarios and within <0.5 day 
for the nearshore release scenarios without mitigation. For locations further west, oil may take as many as 30-40 
days to reach portions of Texas, or 40-60 days for the furthest areas predicted to have the potential for effects in 
eastern Mexico if they were not mitigated over that long period of time. The highest probability of shoreline oil 
exposure was observed during the nearshore scenarios, where probabilities of 90% and greater were observed 
just north of the discharge locations. Scenarios modeled with the CLB and HFO 380 were predicted to have the 
largest potential to impact shorelines spanning from Mississippi all the way to eastern Mexico. 

The deterministic scenarios modeled are worst case and were large spills with a very low likelihood of occurring. 
In addition, note that that these scenarios were modeled with no spill response activities (i.e., completely 
unmitigated). In the event of a discharge, containment and collection activities would begin immediately upon 
detection, to reduce the potential for spill impacts. Thus, the results presented in this assessment should be 
considered in the context of being highly conservative estimates with a very low probability of occurring. 

For the individual deterministic simulations representing the worst case with respect to shoreline oiling, the spill 
trajectories are a product of the environmental conditions on the selected date of the spills, as well as the 
weathering properties of the oil. The maximum surface oil exposure concentration was >100 g/m2 (which would 
appear as the dark true color of the oil or as the color of emulsions; NOAA, 2016b; Bonn, 2009, 2011) within the 
immediate vicinity of each spill site. However, Bakken and diesel are light oils that tend to spread rapidly and 
evaporate and weather quickly. Nearly all of the diesel and nearly three-quarters of the Bakken is able to 
evaporate, and surface oil is expected to be observed as a thin sheen. In contrast, the heavier CLB and HFO are 
composed of 60% and 84% residual fractions, with less than 40% and 8% available to evaporate, respectively. 
Therefore, much larger portions of the CLB and HFO 380 were predicted to remain on the water surface, with 
greater thicknesses than the light oils. Ultimately, CLB and HFO 380 had a higher potential to strand on shorelines 
by the end of the simulation.  

In summary, scenarios were impacted by three main factors including oil type, discharge volume, and proximity to 
shore. In general, the volatility and volatile/soluble content of each oil type defined the persistence of the product 
within the environment, with more persistent oils resulting in more extensive surface slicks and longer lengths of 
shorelines affected. From least persistent and most volatile to most persistent and least volatile, the simulated oils 
include diesel, Bakken, CLB, and then HFO 380. As discharge volume increased, the predicted footprints and total 
lengths of shorelines affected also increased. For nearshore discharges, longer lengths of shoreline were predicted 
to have continuous oiling with larger amounts of oil on shore. 

Consequence Assessment 

As part of the consequence assessment, an overview of species and habitats of concern, an analysis of HCAs, 
an impact analysis, an overview of mitigation measures and recovery, and a pool fire analysis were performed. 
The overlay analysis was used to determine the potential effects a release may have on identified HCAs located 
near the hypothetical offshore discharge locations. The overlay assessment included a count of any identified 
resource features (points, lines, or polygons) that were intersected by the trajectory of the released oil. Identified 
resources included populated areas, protected lands, and ecologically sensitive areas (additional resources were 
included for the offshore HCA analysis). The biological effects modeling was used to predict the equivalent areas 
of 100% mortality for each scenario for surface and shoreline effects as well as in-water effects at two different 
sensitivity thresholds.  
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The predicted results from the SIMAP biological exposure model for aquatic organisms (e.g., fish, invertebrates, 
plankton etc.) were that in the event of a discharge, there would be concentrations of hydrocarbons in the water 
column (or in the sediment) that would have the potential to cause areas of acute mortality in each of the organism 
types evaluated. Species with moderate/average sensitivity had smaller predicted areas of mortality, when 
compared to high-sensitivity species. Scenarios modeled with Bakken crude typically had the largest areas of 
100% equivalent mortality due to subsurface effects because of the soluble content of the oil. In general, when 
comparing scenarios modeled with the same oil type, larger volume discharges were predicted to result in larger 
potential effects and larger numbers of potentially affected resources. Environmental conditions that resulted in 
further transport of oil also resulted in larger numbers of potentially affected resources and larger potential for 
effects. The pool fire analysis was conducted to evaluate the maximum distance away from the overland pools 
where threshold levels for thermal radiation were exceeded. Overall, the Bakken oil pools were predicted to have 
larger areas (i.e., greater potential for harm) and larger distances to the threshold radiation for those simulations 
than for the CLB simulations.  

Conclusion 

While it is understood that the identified scenarios are in no way intended to predict a specific future event, the 
results presented in this document have demonstrated a range of potential trajectory and fates, as well as the 
predicted effects that may result from large volume releases of oil based upon a set of geographic criteria, 
environmental variability, and biological sensitivities. In the unlikely event of a discharge, the resulting effects have 
the potential to be both significant and adverse, on time scales that range from days to years. 

 

Document Summary 

This report includes an introduction describing the region, the modeling approach, the methodology, and finally 
the predicted modeling results of the study. The model results are summarized in figures and tables in the main 
body of this document, describing the potential for oil exposure on the water surface, within the water column, and 
along shorelines. This document is broken down into several sections.  

• Section 1 – Introduction 

• Section 2 – Background and Scenarios, including description of Project Area, modeling approach with              
the OILMAPDeep and SIMAP models, scenarios, and the consequence analysis approach 

• Section 3 – Model Descriptions, including OILMAPLand and SIMAP models 

• Section 4 – Model Input Data  

• Section 5 – Model Application, including both OILMAPLand and SIMAP models 

• Section 6 – OILMAPLand Model Results 

• Section 7 – SIMAP Model Results, including both stochastic and deterministic oil trajectory and fate                  
simulations 

• Section 8 – Oil Spill Consequence Assessment, including an overview of species of concern, a High                  
Consequence Area Analysis, an Impact Analysis of Results, and a Pool Fire Analysis 

• Section 9 – Discussion and Conclusions  

• Section 10 – References  
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List of Acronyms and Abbreviations 
3D: Three dimensional, referring to the vertical and horizontal, as in x, y, and z directions 

AL: In modeling terms, the aliphatic portion of the total hydrocarbon is modeled as a volatile but insoluble fraction 
within the SIMAP model and can therefore evaporate but will not dissolve. 

API: organizational - American Petroleum Institute; chemistry API gravity reference to the product density relative 
to water 

AR: In modeling terms, the aromatic portion of the total hydrocarbon is modeled as a volatile and soluble fraction 
within the SIMAP model and can therefore evaporate and dissolve. 

BAOAC: Bonn Agreement Oil Appearance Code 

BBL: Barrel 

BFGRID: a boundary fitted grid using an unstructured conforming grid for modeling that was developed by RPS 

BFHYDRO: Boundary Fitted Hydrodynamic model, a boundary fitted hydrodynamic model developed by RPS 

BFMASS: Boundary Fitted Mass Transport model, a single constituent mass transport model that was developed 
by RPS 

BFWASP: Boundary Fitted Eutrophication Model, an eight-state variable water quality, eutrophication model that 
was developed by RPS 

BMOP: Blue Marlin Offshore Port 

BPH: Barrels Per Hour 

BTEX: Benzene, toluene, ethylbenzene, and xylene 

CALM: Catenary Anchor Leg Mooring 

CERCLA: The U.S. Superfund or Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 

CLB: Cold Lake Blend oil 

CUDEM: Continuously Updated Digital Elevation Model 

DEM: Digital Elevation Model 

DHC: Dissolved Hydrocarbon Concentrations 

DWP: Deep Water Port 

EC: East Cameron 

EPA: Environmental Protection Agency 

ESI: Environmental Sensitivity Index 

GEBCO: General Bathymetric Chart of the Oceans 

GIS: Geographic Information Systems 

GOM: Gulf of Mexico 

HCA: High Consequence Area 

HYCOM: Hybrid Coordinate Ocean Model 

HYDROMAP: Globally relocatable hydrodynamic model developed by RPS 
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IBCCA: International Bathymetric Chart of the Caribbean Sea and the Gulf of Mexico 

LC50: The lethal concentration at which 50% of exposed organisms will die, for a specified duration of exposure. 

MAH: Monocyclic aromatic hydrocarbons (monoaromatic), with only one six-carbon ring 

MARAD: United States Marine Administration 

MP: Milepost 

NARR: North American Regional Reanalysis dataset 

NCEI: National Centers for Environmental Information 

NCEP: National Center for Environmental Prediction 

NHD: USGS National Hydrography Dataset 

NHDPlus: EPA National Hydrography Plus Dataset 
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NOAA: United States National Oceanic and Atmospheric Administration 

NRC: United States National Research Council 
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OML: OILMAPLand, an overland oil spill trajectory and fates model developed by RPS. 
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OSRP: Oil Spill Response Plan 

PAH: Polycyclic aromatic hydrocarbons (polyaromatic), with two or more six-carbon rings 

PHMSA: Pipeline and Hazardous Materials Safety Administration 

PLEM: Pipeline End Manifold 

PPB: Part per billion, as referring to concentration. Roughly equivalent to μg/L. 
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SIMAP: Spill Impact Model Application Package, a 3D trajectory, fate, and effects model developed by RPS 
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SSFATE: Suspended Sediment Fate model, a sediment transport and fate model developed by RPS 
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1 INTRODUCTION 
RPS was contracted by Energy Transfer LP and EXP to assess the risks (likelihood and consequences) associated 
with activities related to the Blue Marlin Offshore Port (BMOP), the “Project”, in the Gulf of Mexico (GOM). The 
Deep-Water Port (DWP) will be constructed and operated as an offshore crude export facility, transporting a range 
of crude oil products from the existing Nederland Tank Farm (NT). The offshore facility would be capable of 
handling supertankers, such as very large crude carriers (VLCCs), as well as other crude oil carriers to export 
North American crude oil to global markets. This assessment investigates hypothetical discharges of oil that may 
result from accidental or intentional events (e.g., terrorism) that may compromise cargo containment, as required 
to meet the DWP regulations of the U.S. Coast Guard (USCG) and U.S. Maritime Administration (MARAD). RPS 
conducted an oil spill modeling consequence assessment that investigated the trajectory, fate, and potential effects 
of a range of discharges from the Project (this document). Environmental Research consulting was subcontracted 
to assess the potential likelihood of failure in a separate document titled “Oil Spill Risk (Probability) Assessment 
for Blue Marlin Offshore Port (BMOP) Project” (Etkin, 2020). 

RPS conducted a comprehensive oil spill modeling assessment to investigate numerous hypothetical discharges 
from the various onshore and offshore components (see Section 2.1) of the Project. This assessment included 
three-dimensional modeling to support evaluation of the ecological and human health risks resulting from 
hypothetical discharges of crude oil into the Neches River, Sabine Lake, and offshore GOM, as well as two-
dimensional modeling to assess the fate and transport of hypothetical discharges from an onshore pipeline over 
land and into nearby surface waterbodies. The goal of this modeling study was to provide an understanding of the 
predicted spatial extent, timing, and potential effects (i.e., acute mortality) that could occur following discharges of 
oil under a range of environmental conditions. The in-water hypothetical crude oil discharges were modeled for 
two locations where the pipeline crossed the Neches River and Sabine Lake using a combination of the 
OILMAPLand and the Spill Impact Model Application Package (SIMAP) modeling systems that were developed 
and are maintained by RPS. Additional scenarios were modeled offshore in the GOM to capture near shore 
discharges from the pipeline as well as those from the unloading facility and a range of vessels from smaller 
support boats to VLCC’s.  

OILMAPLand is a two-dimensional overland and downstream trajectory and fate model, while SIMAP is a three-
dimensional in-water oil trajectory, fate, and biological effects model. SIMAP is used to assess potential effects 
(i.e., acute mortality) based upon the concentration and duration of exposure for different receptors and provide 
data to estimate the ecological and effects to socio-economic and ecological resources from spills in marine and 
freshwater environments.  

Risk is commonly expressed as the product of the probability of the occurrence of an adverse event and the weight 
of the consequences of such an event. The consequence assessment used here consisted of quantitative 
trajectory and fate modeling, a semi-quantitative analysis of potentially affected resources (High Consequence 
Areas), an overview of species of concern, a quantitative biological effects assessment, and a quantitative pool 
fire analysis. The results of this consequence assessment can be used in conjunction with the probability 
assessment conducted by ERC (Etkin, 2020) to form the framework of a full Risk Assessment. 

This report provides detailed descriptions of this comprehensive analysis. Section 2 includes a description of the 
project area, the modeling approach and scenarios to be modeled in OILMAPLand and SIMAP, and a discussion 
of the consequence assessment. Section 3 contains a description of the OILMAPLand and SIMAP models and 
the potential uncertainty within the results. Section 4 provides detailed descriptions of the input data and the 
associated assumptions used in the modeling. Section 5 summarizes the application of each model to assess 
consequence from the various aspects of the Project. Section 6 provides the results from OILMAPLand which 
summarize predicted discharge volumes and the trajectory and fate of discharged oil for the overland and 
downstream portion of the assessment. Section 7 focuses on the SIMAP stochastic and representative 
deterministic oil trajectory and fate model results. Section 8 outlines the oil spill consequences including an 
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overview of the species and habitats of concern and the potential effects, including the semi-quantitative overlay 
analyses of HCAs and the quantitative biological effects analyses (i.e., exposure assessment) and pool fire 
analysis. Section 9 summarizes high-level conclusions and discussion points. Finally, Section 10 contains the 
references cited throughout the entire document.  

 

2 BACKGROUND AND SCENARIOS 
2.1 Project Area and Background 

To assess the risk of crude oil spills associated with the Project, discharges from the onshore pipeline, offshore 
pipeline, offshore platform, and associated support and shipping vessels were considered (Figure 2-1.). The 
BMOP DWP will be located in GOM federal waters within and adjacent to the Outer Continental Shelf (OCS) in 
West Cameron (WC) Lease Blocks WC 509, WC 508, and East Cameron (EC) Block EC 263. These Blocks are 
approximately 185 km (115 statute miles) off the coast, south of Cameron Parish, Louisiana with approximately 
50 m (162 ft) water depth in the area. Crude oil will be routed from pumps at Nederland, TX through a new 42-inch 
onshore pipeline to the existing Stingray Mainline at Station 501 to the offshore DWP (Figure 2-2). The crude oil 
will be metered on the existing WC 509 Platform and routed through two crude oil loading lines to Pipeline End 
Manifolds (PLEMs) located on the seafloor below two Catenary Anchor Leg Mooring (CALM) Buoys located in WC 
508 and EC 263 through submerged flexible hoses. VLCCs (or other large seafaring crude oil vessels) will moor 
at a CALM Buoy, retrieve and connect the floating crude oil hoses connected to the CALM Buoy, and the crude 
oil will then route from the Buoy to the VLCC for loading. Up to 365 large seafaring crude oil vessels will load per 
year (Figure 2-3.). The BMOP facilities consist of the pumps and meters at NT; a new 37-mile, 42-inch outside 
diameter (OD) pipeline; the existing 36-inch Mainline converted from natural gas to oil service; an existing fixed, 
manned platform complex at WC 509; an existing platform at WC 148; and two new PLEM and CALM Buoys 
located in WC 508 and EC 263. See Volume I of the MARAD DWP application for further background regarding 
the BMOP Project.  

To bound the range of hypothetical discharges, this consequence assessment considered discharges from several 
portions of the Project. The preferred platform is within WC 509 and an alternative offloading platform is located 
in WC 433. Therefore, this consequence assessment included an investigation of discharges from both potential 
DWP locations to better bound the range of potential consequences depending on which platform is selected. 

A wide range of products would be sent from the existing NT facility to the offshore DWP. The NT facility handles 
a wide range of hydrocarbons with blends or approved products ranging from approximately 14-53 API gravity. 
The crude oils that would be exported range from light condensate products with an API gravity of approximately 
52.8 to heavy grade crudes and diluted bitumen with an API gravity of approximately 21.  

For the purposes of modeling discharges associated with the Project, the operations were divided into four 
Segments (Figure 2-2). Pipeline Segment 1 consists of the onshore portion of the pipeline between the NT and 
the western shore of Sabine Lake, with a portion that passes underneath the riverbed of the Neches River. Pipeline 
Segment 2 consists of the onshore pipeline, which would be buried beneath Sabine Lake. Pipeline Segment 3 
includes the onshore portion of the pipeline that extends from the eastern shore of Sabine Lake to the existing 
Stingray Mainline at Station 501 and then to the shoreline of the GOM. The final Pipeline Segment 4 includes the 
portion of the Project that is offshore, consisting of the offshore pipeline, platforms, and associated vessels.  

Two model domains were considered for the in-water SIMAP oil spill modeling being conducted for this study to 
capture the spatial extent of oil movement following an assumed discharge within the Sabine Lake Region and the 
GOM. Sabine Lake is located approximately 145 km (90 mi) east of Houston at the Texas/Louisiana border. The 
lake has a surface area of approximately 45,320 acres and maximum depths up to 3 m (10 ft). It is formed by the 
confluence of the Neches and Sabine Rivers, behind Sabine Pass and is an area with sensitive aquatic receptors, 
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including shellfish that are harvested for human consumption. The GOM is bounded by the United States Gulf 
coast in the northeast, north, and northwest, by Mexico in the southwest and south, and by Cuba in the southeast.  
The first model domain focused on the inshore regions of Sabine Lake and the Neches River, including Sabine 
Pass out to the GOM and portions of the Gulf Intercoastal Waterway (29.6028º – 30.1016º N, 94.1141º – 93.6327º 
W). The second model domain was much larger, spanning the entire GOM (18.0323º – 30.8781º N, 97.9015º – 
80.1072º W).  

 

 
Figure 2-1. Pipelines associated with the Project, including the 42” onshore pipeline from the Sunoco Tank Farm in 
Nederland, TX to Station 501, and the 36” pipeline extending from Station 501 out into the GOM. 
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Figure 2-2. The Project pipeline was divided into four segments for a more focused analysis including: Pipeline 
Segment 1 from the NT to Sabine Lake, Pipeline Segment 2 through Sabine Lake, Pipeline Segment 3 onshore 
pipeline from Sabine Lake to the GOM coast, and Segment 4 offshore portion. 

 

 
Figure 2-3. Diagram of DWP components including the platform, VLCC, PLEMs, CALM Buoys, and respective hoses. 
Hypothetical Discharge Locations Scenarios (Etkin, 2020).  
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Modeling was performed to assess the potential consequences following hypothetical unmitigated discharges of 
oil at various locations along the pipeline, at the preferred and alternative offshore platform locations, and from 
several types of vessels associated with the Project. Multiple scenarios were used to bound the range of predicted 
movement, behavior, and potential effects following a range of conservatively large volume discharges of oil based 
upon the expected geographic and environmental variability over multiple years. On-land oil spill modeling was 
conducted using OILMAPLand at 30.5 m (100 ft) intervals along the Pipeline Segment 1 and 3 (Figure 2-2), in 
addition to each watercourse crossings. The hypothetical in-water discharge locations that were investigated span 
the distance from the tank farm to the preferred and alternate offshore platform and include two inland locations 
(Neches River and Sabine Lake) and a nearshore location (Figure 2-1; Table 2-1). 

 

Table 2-1. Hypothetical discharge locations used in the SIMAP modeling of in-water discharges.  

Site Name Type/Block Comments* Latitude  
(°N) 

Longitude  
(°W) 

Water Depth  
(m) 

Pipeline discharge into 
coastal waterway MP 1 Neches River 30.0128 93.9974 15 

Pipeline discharge into 
coastal waterway MP 19.5 Sabine Lake 

(TX/LA Border) 29.9185 93.8173 3 

Nearshore pipeline 
discharge WC 44 13 km offshore 29.6587 93.5306 10 

DWP Platform 
Alternate WC 433 WC433 CALM 1 

WC433 Platform 
28.6725 
28.6725 

93.0978 
93.0849 33 

DWP Platform 
Preferred WC 509 WC509 CALM 1 

WC509 Platform 
28.4465 
28.4333 

93.0037 
93.0044 48 

*Note that inshore pipeline discharges are denoted as MPs, corresponding with the planned pipeline mile post, while the nearshore discharge 
is within the West Cameron (WC) Lease Block. Support vessel discharges were simulated at the platform, while VLCC discharges were 
simulated at the CALM 1 buoy location.  

 

 Stochastic Approach 
A stochastic or probabilistic approach was employed to determine the potential footprint and associated probability 
of areas that may be susceptible to oil exposure based upon the variability of meteorological and hydrodynamic 
conditions that might prevail during and after an in-water oil discharge. A stochastic scenario is a statistical analysis 
of results generated from many (>100) different individual trajectories of the same discharge scenario, with each 
trajectory starting at a randomized time within a long-term window. For this project, individual trajectory start dates 
(total of 145 individual simulations) were selected every 15 days throughout the window of environmental data 
coverage (2005-2010) to ensure that the data were adequately sampled. This stochastic approach allows for the 
same type of discharge to be analyzed under varying environmental conditions (e.g., summer vs. winter or one 
year to the next). The results provide the probable behavior of the potential discharges based upon the variability 
in the environmental data over many years. 

In order to reproduce the natural variability of winds and currents, the SIMAP model requires both spatially- and 
temporally-varying datasets. Historical observations and models of multiple-year wind and current records were 
used to perform the simulations within the coinciding time period. These datasets allow for reproduction of the 
natural variability of the wind and current speeds and directions. Optimally, the minimum time window for stochastic 
analysis is at least five years so that various weather patterns from year to year are represented. Six years (2005-
2010) of environmental data were used for this modeling study. Using wind and current data from throughout this 
long time period, a sufficient number of model runs will adequately sample the variability in the time sequences of 
wind and current speeds and directions in the region of interest and will result in a prediction of the probable oil 
pathways for a discharge at the prescribed location.  
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Stochastic analyses provide two types of information: 1) the areas associated with probability of oil exposure at 
some time during or after a discharge, and 2) the shortest time required for oil to reach any point within the areas 
predicted to be exposed above a specified threshold within the modeled areas. The left panel of Figure 2-4. depicts 
four individual trajectories predicted by SIMAP for a generic example scenario. Because these trajectories were 
started on different dates and times, the discharged oil experienced varying environmental conditions within each 
simulation at each model timestep, and thus was transported in different directions. To compute the stochastic 
results, tens to hundreds of individual trajectories, like the four depicted here, were overlain and the frequency that 
each given location throughout the modeled domain was intersected by the different trajectories was used to 
calculate the probability of oil exposure for each specific location. This process is illustrated by the stacked runs 
in the right panel of Figure 2-4. The predicted footprint is the cumulative oil-exposed area for all the many simulated 
individual discharges combined. The color-coding represents a statistical analysis of all the individual trajectories 
to predict the probability of oil at each point in space, based upon the environmental variability. The footprint of 
any single discharge of oil, be it modeled or real, would be much smaller than the cumulative footprint of all the 
runs used in the stochastic analysis. Similarly, the footprint of oil from any individual discharge at a single time 
step (snapshot in time) would be even smaller than the cumulative swept area depicted here. 

 

Figure 2-4. Examples of four individual discharge trajectories predicted by SIMAP for a generic discharge scenario 
simulated with different start dates and therefore different environmental conditions. In this stochastic analysis, 
tens to hundreds of individual trajectories are overlain (shown as the stacked runs on the right) and the frequency 
of contact with given locations is used to calculate the probability of threshold exceedance during a discharge. This 
is an example figure and is not specific to this assessment. 

 

The number of individual trajectories and the timeframe of a given stochastic analysis play roles in the spatial 
extent of the resulting stochastic footprints. More individual runs may incorporate greater environmental variability, 
which may result in larger footprints. As the number of trajectories modeled increases, the confidence and 
resolution of reported probabilities also increases. Stochastic footprints themselves are cumulative by nature, as 
they provide information associated with all modeled discharges. Stochastic footprints include all results (multiple 
years) from all seasons on top of one another (i.e., cumulative or composite) and result is the largest footprint, 
encompassing all environmental variability throughout the years. Seasonal footprints may be smaller, 
encompassing only the environmental variability expected within the smaller time period (e.g., prevailing winds, 
seasonal patterns, etc.). It is important to note that a single trajectory encounters only a small portion of an overall 
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stochastic probability footprint (e.g., an individual trajectory may be less than 10% of a stochastic footprint). Maps 
of probability and minimum time to oil exceeding identified thresholds are provided in Section 7.1. 

 Thresholds of Interest 
In a stochastic analysis, multiple model runs (tens to hundreds of discharges for each location and discharge 
volume) are overlaid upon one another to create a cumulative footprint of all the potential trajectories. When 
combined with one another, the many individual deterministic footprints can be used to generate an area of 
probability that describes the potential areas that may be exposed to oil contamination from the entire suite of 
modeled conditions. To determine the probability or likelihood of potential exposure, specific thresholds for surface 
oil thickness, oil on shorelines and sediments, and in-water contamination were required (see thresholds below). 
Above these conservative socio-economic thresholds, previous studies have identified that there is the potential 
that negative effects may occur. Figures and further analyses in this study include these conservatively low 
thresholds of concern, which were calculated from the stochastic results. The figures and further analyses for each 
scenario in this study include the more conservative lower socio-economic thresholds of concern calculated from 
stochastic results. The use of such conservative thresholds serves as more of a binary “yes/no” question of 
whether any oil passed through each identified area, as opposed to an ecological threshold that may indicate the 
potential for acute mortality. An exposure assessment investigating the concentration and duration of exposure 
was also conducted for this consequence analysis to determine the anticipated acute effects (Section 4.3). 

Thresholds of concern were reviewed by French-McCay (2016) and French-McCay et al. (2018), based in part on 
work described in French-McCay (2002, 2003, 2004). The following thresholds, based on these reviews, are 
considered and in accordance with current practice in oil spill risk assessments. 

Floating Surface Oil Thickness Thresholds: ≥0.1 g/m2 and ≥10 g/m2 (equivalent to ≥0.1 µm and ≥10 µm on 
average over each grid cell) 

• Oil sheens are generally 0.1-1 g/m2 (NOAA, 2016b; Bonn, 2009, 2011) as a spatial average over the grid 
cell dimensions used to represent the concentrations of floating oil. 

• Effects on socioeconomic resources may occur (e.g., fishing may be prohibited) if oil is visible on the water 
surface, i.e., ≥0.1 g/m2. 

• Effects on wildlife (birds, mammals, reptiles) may occur if oil on the water surface is ≥10 g/m2. 

Shoreline Thickness Thresholds: ≥1 g/m2 and ≥100 g/m2 

• The threshold 1 g/m2 represents an oil amount that would appear as a dull brown color. 

• Effects on socioeconomic resources may occur (e.g., need for shoreline cleanup) above a threshold of 1 
g/m2. 

• Effects on shoreline biological resources would be expected above a threshold of 100 g/m2. 

Water concentration Threshold: ≥1 µg/L and ≥10 µg/L total dissolved PAH 

• Effects on sensitive early life history stages of fish and invertebrates may occur at concentrations above 
approximately 1 µg/L (1 ppb) of dissolved aromatics (i.e., PAHs, compounds of which make up most of 
the exposure concentrations). The threshold for species of typical sensitivity is about 10 µg/L (10 ppb) of 
dissolved PAH. Older animals are typically not affected by dissolved PAH concentrations below 100 µg/L 
(100 ppb).  

See French-McCay 2002, 2016 and French-McCay et al. 2018 for further background on these thresholds. 

Floating surface oil is expressed as mass per unit area, averaged over a defined (grid cell) area. If the oil is evenly 
distributed in that area, it would be equivalent to a mean thickness, where 0.1 micron (µm) of thickness 
corresponds to a layer of oil that has a mass concentration of approximately 0.1 g/m2. Surface oil thickness is 
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typically associated with visual appearance by aerial observation for responders (NRC, 1985; Bonn Agreement, 
2009, 2011; NOAA, 2016b; Table 2). As an example, barely visible sheens may be observed above 0.01 µm and 
silver sheens correspond with surface oil thickness of approximately 0.3 µm. Crude oils and heavy fuel oils greater 
than 1 mm thick typically appear as black oil, while light fuels and diesels that are greater than 1 mm thick may 
appear brown or reddish. Because of the differences between oils and their degree of weathering, floating oil will 
not always have the same appearance. As oil weathers, it may be observed in the form of scattered floating tar 
balls and tar mats where currents converge. Typically, oil slicks in the environment would be observed as a range 
of visual appearances including silver sheen, rainbow sheen, and metallic areas simultaneously, as a combination 
of thicknesses may be present (Figure 2-5.). Thus, a model result presented as average oil mass per unit area or 
“thickness” is actually a region with patches of oil of varying thickness, which, when distributed evenly in the area 
of interest, would be, on average, a certain thickness.  
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Table 2-2. Oil appearances based on NOAA (2016) and BAOAC.  

Code Description 
Layer-Thickness Concentration 

Generalized 
Thickness 

Used in 
Modeling 
Results* 

range microns 
(µm) 

inches  
(in) range m3/km2 bbl/acre microns  

(µm) 

S Silver Sheen  min 
max 

0.04 
0.30 

1.6 x 10-6 
1.2 x 10-5 

min 
max 

0.04 
0.30 

1 x 10-3 
7.8 x 10-3 0.01 

R Rainbow Sheen min 
max 

0.30 
5.0 

1.2 x 10-5 
2.0 x 10-4 

min 
max 

0.30 
5.0 

7.8 x 10-3 
1.28 x 10-1 0.1 

M Metallic Sheen min 
max 

5.0 
50 

2.0 x 10-4 
2.0 x 10-3 

min 
max 

5.0 
50 

1.28 x 10-1  
1.28 1-10 

T 
Transitional 

Dark (or true) 
Color 

min 
max 

50 
200 

2.0 x 10-3 
8 x 10-3 

min 
max 

50 
200 

1.28 
5.1 100 

D Dark (or true) 
Color  >200 >8 x 10-3  >200 >5.1 >100 

E Emulsified Thickness range is very similar to that of dark oil. 

Chart from Bonn Agreement Oil Appearance Code (BAOAC) 2009 modified by A. Allen and Lewis, 2007 
*Visual appearances and corresponding thicknesses of surface oil vary by oil type and environmental condition. Therefore, generalized 
thicknesses are used in the portrayal of modeling results 

 
 

 
Figure 2-5. Aerial surveillance images of discharged oil in the environment as examples of different visual 
appearances based on surface oil thickness and product type (images from Bonn Agreement, 2011). 
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 Modeled Scenarios 
As described in the sections above, multiple discharge locations were selected at various points along the 
pipeline, at the preferred and alternative offshore platform locations, and from several types of vessels 
associated with the Project. This included on-land, inshore, nearshore, and offshore discharge locations 
encompassing various pipeline, platform, and vessel discharges. For the interval based OILMAPLand modeling 
that investigated on-land discharges, the volume and duration was calculated for each product type at each 
hypothetical discharge location (Table 2-3). Refer to Section 3.1.1 for a description of how this calculation was 
made and Section 6.1 for the calculated discharge volumes. For each of the two oil types considered in this 
assessment, 1,563 individual discharges were simulated in OILMAPLand, totaling 3,126 individual simulations. 
For the site-specific SIMAP simulations, worst-case discharge volumes were determined. Discharge volumes 
ranged from 159 m3 (1,000 bbl or 42,000 gal.) for fuel oil discharges from vessels, up to 333,873.3 m3 (2.1 
million bbl) representing the loss of the total cargo capacity of a VLCC. Note that discharge volumes were 
provided to RPS in imperial units but were converted to the International System of Units (SI units commonly 
referred to as metric) for use in this study.  

The products that have been approved for export from the NT facility (described in Section 2.1) include many 
different crude oil and refined products that range from light to heavy grade oils (Figure 2-6). For the purpose 
of this study, Bakken oil (light crude oil – high API) and Cold Lake Blend (CLB) (heavy diluted bitumen – low 
API) were selected as representative oil types that bound the range of oils that could be shipped through this 
facility. Additional oil types, including a Heavy Fuel Oil (HFO) and a diesel, were included in the modeling 
analysis investigating other potential fuel oil discharges from VLCCs and other support vessels.  

 

 
Figure 2-6.  Oil types approved for transport within the Project pipelines. 

 

OILMAPLand was used to model the discharge volume of full-bore ruptures at 30.5 m (100 ft) intervals along 
the pipeline and at each watercourse crossing (Figure 2-2). On-land modeling of discharges was performed 
using OILMAPLand at these locations for Pipeline Segments 1 and 3 (Table 2-3). Discharges were modeled at 
each hypothetical discharge point for the Bakken and CLB oil types. The spill duration and volumes calculated 
by the OILMAPLand model were used in the model. Discharges from locations within the Neches River and 
Sabine Lake (Segment 2) were not modeled with the more basic OILMAPLand model, rather they were 
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investigated with the more comprehensive SIMAP model due to the complex dynamics in larger open water 
areas. One location was selected within the Neches River and Sabine Lake for modeling of hypothetical 
discharges using SIMAP including MP-1, which represented the center of the Neches River, and MP-19.5, 
which represented a point within the middle of Sabine Lake on the border of Louisiana and Texas. Discharge 
volumes for these scenarios were determined in the OILMAPLand model based on the full-bore rupture 
discharge volume including the drain down volume. 

 

Table 2-3. Modeled OILMAPLand scenario information for on-land discharges simulated for Pipeline Segment 1 
and 3 

Scenario ID Discharge Sites 
along Pipeline Discharge Event Oil Type Discharge 

Duration 
Total Discharge 

Volume 

OML 
Bakken 30.5 m (100-ft) 

intervals and stream 
crossings 

On-land 
Discharge 

Bakken 
Variable by spill site 

OML 
CLB CLB 

 

The modeled discharge volumes were highly conservative, erring on the side of larger discharge volumes than 
would typically be observed. The inshore worst-case discharge (WCD) volumes were calculated based on the 
pipeline flow rate, diameter of the pipeline, valve closure times, and gravitational drain down (Table 2-4). The 
offshore WCD volumes in Scenarios 1, 2, 11, and 12 were based on a VLCC total cargo capacity (Table 2-5). 
The WCD volumes in Scenarios 3, 4, 13, and 14 were based on the crude volume from the platform. The 
volumes in Scenarios 5 and 14 were representative of a service fuel spill at the SPMS and were based on the 
largest tugboat capacity. (The volumes in Scenario 6 and 15 were based on the VLCC fuel tank capacity and 
were representative of a VLCC fuel oil spill. The volumes in Scenarios 7, 8, 16, and 17 were based on of the 
total volume in the pipeline at the pipeline end manifolds (PLEM) at the DWP, considering the riser. Finally, the 
volumes in Scenarios 9, 10, 9a, and 10a were based on the total volume of oil in the pipeline. 

 

Table 2-4. Modeled SIMAP scenario information for inshore discharges from the pipeline into the Neches River 
and Sabine Lake (Pipeline Segments 1 and 2) including identified date for representative deterministic 
simulations.  

Scenario 
ID 

Discharge 
Site 

Discharge 
Event Oil Type 

Discharge 
Depth 

(m) 

Discharge 
Duration 

(min) 

Total 
Discharge 

Volume 

Model 
Duration 

(days) 

Date / Flow 
Conditions 

C-1 
Sabine Lake 

MP-19.5 

Pipeline 

Discharge 

Bakken 3 

13 
11,747 m3 

(73,884 bbl) 

14 
2008 Oct. 1 

Low Flow 

C-2 CLB 3 14 
2006 Nov. 1 

Low Flow 

C-3 Neches 

River 

MP-1 

Pipeline 

Discharge 

Bakken 15 

13 
3,956 m3 

(24,885 bbl) 

14 
2010 Mar. 1 

High Flow 

C-4 CLB 15 14 
2010 Mar. 15 

High Flow 
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Table 2-5. Modeled SIMAP scenario information for the offshore region and activities including identified date for 
representative deterministic simulations.  

Scenario 
ID 

Discharge 
Site 

Discharge 
Event 

Oil 
Type 

Discharge 
Depth 

(m) 

Discharge 
Duration 

(hr) 

Total Discharge 
Volume 

Model 
Duration 

(days) 

Selected Date 
for 

Representative 
Deterministic 

Scenario 

O-1 

WC 

433 

 

VLCC – 

WCD Vessel 

cargo 

Bakken 

Surface 1 
333,873 m3 

(2,100,000 bbl) 

60 2008 Jan. 1 

O-2 CLB 60 2006 Sep. 15 

O-3 Platform – 

WCD facility 

infrastructure 

Bakken 

Surface 
1 

 

159 m3   

(42,000 gal.) 

60 2008 Mar. 1 

O-4 CLB 60 2009 Sep. 1 

O-5 

Service fuel 

spill (at the 

SPMS) 

Diesel 

fuel 
Surface 

Near 

instant. 

406 m3 

 (107,309 gal.) 
60 2009 Apr. 1 

O-6 
VLCC fuel oil 

spill 
HFO 380 Surface 

7,773 m3 

(48,891 bbl) 
60 2010 Jan. 15 

O-7 Pipeline at 

DWP 

(at PLEM) 

Bakken 

33 1 
789 m3 

(208,331 gal.) 

60 2007 May 15 

O-8 CLB 60 2007 Oct. 15 

O-9 
WC 44 

(WC 433) 

Nearshore 

pipeline 

location 

Bakken 

10 1 
81,632 m3 

(21,564,828 gal.) 

60 2006 Feb. 1 

O-10 CLB 60 2006 Oct. 1 

O-9a 
WC 44 

(WC 509) 

Nearshore 

pipeline 

location 

Bakken 

10 1 
98,439 m3 

(26,004,772 gal.) 

60 2006 Jan. 1 

O-10a CLB 60 2008 Jan. 1 

O-11 

WC 509 

VLCC – 

WCD Vessel 

cargo 

Bakken 

Surface 1 
333,873 m3 

 (2,100,000 bbl) 

60 2008 Apr. 1 

O-12 CLB 60 2010 Sep. 15 

O-13 Platform – 

WCD facility 

infrastructure 

Bakken 

Surface 1 
159 m3   

 (42,000 gal.) 
60 

2006 Jul. 15 

O-14 CLB 2006 Jan. 15 

O-15 

Service fuel 

spill (at the 

SPMS) 

Diesel 

fuel 
Surface 

Near 

instant. 

. 

406 m3 

 (107,309 gal.) 
60 2010 Apr. 1 

O-16 
VLCC fuel oil 

spill 
HFO 380 Surface 

7,773 m3 

 (48,891 bbl) 
60 2006 Sep. 1 

O-17 Pipeline at 

DWP 

(at PLEM) 

Bakken 

48 1 
800 m3 

 (211,245 gal.) 

60 2008 Jan. 15 

O-18 CLB 60 2010 Feb. 15 
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The timeframe simulated included the years 2005-2010, with modeled durations ranging from 14 days, for the 
Sabine Lake and Neches River scenarios, up to 60 days, for the scenarios in the GOM as unmitigated spills. 
Simulations within the stochastic analysis were delineated by season and characteristic environmental 
conditions, which varied by site and throughout the years. For the inshore stochastic scenarios in Sabine Lake 
and the Neches River that were simulated in SIMAP, the simulation timeframes were delineated by 
characteristic river flow conditions (i.e., low, average, and high river flow and corresponding velocity) to capture 
the variable environmental conditions at each site. Analyses of representative deterministic scenarios were 
conducted for individual trajectories that were identified as the 95th percentile for contact with shoreline modeled 
in the stochastic analysis (Table 2-4 and Table 2-5).    

2.2 Consequence Analysis 
The results of the trajectory and fate modeling were used to assess the potential consequences of a discharge 
of crude oil from the Blue Marlin Offshore Port. Overland and downstream trajectory and fate predictions from 
OILMAPLand for the on-land pipeline discharges simulated in Pipeline Segments 1 and 3 (Figure 2-2), were 
used to determine potential impacts following a discharge. A high consequence area (HCA) analysis was 
performed for all OILMAPLand results (Section 8). The HCA analysis identified “could-affect” segments of the 
pipeline by determining where the predicted discharge trajectory had the potential to intersect HCAs, as outlined 
by the Pipeline and Hazardous Materials Safety Administration (PHMSA) in 49 CFR § 192.905.  

Biological effects modeling was used to predict the equivalent areas of 100% mortality for each SIMAP scenario 
for surface and shoreline effects as well as in-water effects at two different sensitivity thresholds, including 5 
µg/L, which represented sensitive species and is protective of 97.5% of species, and 50 µg/L, which 
represented species with average sensitivity. Overlay analyses and biological effects analyses were conducted 
to bound the potential impacts of the scenarios on High Consequence Areas (HCAs) such as important 
ecological areas, recreational regions, and populated areas. 

A pool fire analysis was used to calculate the potential impact radius of thermal radiation. OILMAPLand results 
were used to identify locations where discharged oil was predicted to pool on the land surface. If ignited, this 
oil would burn with the potential to result in exceedances in thermal radiation above specified thresholds. 

 

3 MODEL DESCRIPTIONS 
State-of-the-art computational models (OILMAPLand and SIMAP) were used to simulate the overland and in-
water trajectory and fate of hydrocarbon discharges within the environment. OILMAPLand and SIMAP are two 
separate computational oil spill modeling tools that have been developed by RPS to predict the trajectory (i.e., 
movement) and fate (i.e., behavior) of discharged hydrocarbons on land and into water to determine the 
potential for acute effects (i.e., mortality). Both models have been validated against real world discharges and 
have been used extensively in the United States and internationally to meet regulatory requirements and other 
recommendations and guidelines. OILMAPLand and SIMAP are used frequently by industry, government, and 
academia.  

SIMAP is a three-dimensional modeling system that was used to simulate trajectory, fate, and potential effects 
of crude oil discharges in the water. This comprehensive modeling system allows for a more in depth 
understanding of the behavior of oil in the environment, when compared to OILMAPLand. SIMAP provides 3-
dimensional trajectory and fates information through time and with site-specific and season-specific 
considerations, as well as anticipated biological effects. Not only does SIMAP provide measurements of the oil 
thickness on the water surface, concentration of hydrocarbons in the water column and length of shorelines 
contaminated, but it also assesses the exposure to toxic compounds within the water column to determine the 
potential for impacts as well as expected impacts to aquatic and terrestrial organisms.  
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RPS conducted the spill trajectory and fate modeling, using the two-dimensional OILMAPLand and three-
dimensional SIMAP models for the scenarios described in Section 2.1.3. The OILMAPLand model outputs 
provide the overland footprint of discharged oil and the total oil volume that would enter the Neches River at 
MP-1 and Sabine Lake at MP-19.5. The SIMAP outputs include the predicted cumulative (over the model 
duration) footprint of instantaneous maximum: 1) surface oil thickness, 2) concentration of hydrocarbons within 
the water column at any depth (vertical maximum), and 3) amount of oil on shorelines and in sediments (i.e., 
sunken oil). Mass balance information for each discharge is provided to summarize the time history of the 
amount of surface floating oil, evaporated to the atmosphere, in the water column, on sediments, shorelines, 
and degraded.  

The SIMAP modeling and results described within this assessment were for unmitigated scenarios, meaning 
that no response efforts were undertaken to contain or collect the discharge. In addition, no dispersant 
application was modeled for any of the scenarios described herein. 

3.1 OILMAPLand Model Description 
The OILMAPLand model is a two-dimensional modeling system that was developed nearly 20 years ago by 
RPS (at the time Applied Science Associates) to provide conservative estimates of pipeline discharge volumes 
and the overland movement of discharged oil as well as the potential extent of any downstream movement, 
should the oil reach the surface water network. The OILMAPLand spill modeling system was used to simulate 
the overland and downstream movement of crude oil discharges along the Segments 1 and 3 of the onshore 
pipeline route (Figure 2-2) and to predict the location and volume of oil entering the Neches River, Sabine Lake, 
and the GOM. The model was used to predict the downslope and downstream path as well as estimates the 
loss of oil to the land surface, depressional storage, evaporation, retention on lake surfaces, and stream 
shorelines. It also uses this information to calculate the remaining volume of oil predicted to reach major 
waterbodies such as Sabine Lake, the Neches River, and the GOM. Once the oil reached these more complex 
waterbodies, the transport and fate of oil, as well as the potential effects, were assessed using the SIMAP 
model. 

The OILMAPLand model simulates the flow of oil or chemicals over land and in surface water features from 
each identified rupture point (i.e., any point along a pipeline). The discharge is modeled as it propagates over 
the land surface and into any surface water network, until a termination point is reached. The movement of oil 
over the land surface is governed by the physical characteristics and slope of the land surface. The overland 
model calculates an oil mass balance that includes losses from oil adhesion to land over the oiled path, the 
formation of small puddles, oil pooling in large depressions on the land surface, and oil evaporation to the 
atmosphere. 

When oil reaches a waterway, the water transport model simulates the downstream movement of oil on the 
water surface in streams at a defined velocity. As oil moves downstream, estimates are made of the amount of 
oil lost to the shore from adhesion and to the atmosphere by evaporation. Any oil entering a lake is simulated 
to spread over the water surface in a radial pattern up to a minimum thickness that reflects the density and 
viscosity of the discharged oil.  

While OILMAPLand does provide an indication of the downstream extent of oiling and mass balance of oil, it is 
not able to provide detailed predictions of three-dimensional oil fate and transport. These processes, such as 
entrainment of oil into the water column, dissolution of soluble fractions of hydrocarbons, emulsion formation, 
potential biological effects from exposure to oil, and other complex interactions, were modeled within SIMAP 
(Section 5.2). 
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 Spill Volume Calculations 
The calculation of discharge volumes from the operating pipeline was conducted at the specified hypothetical 
discharge points along the pipeline. Discharge volumes are calculated using pipe diameters, flow rate, valve 
locations, leak detection and valve shut down times, and the elevation profile along the pipeline.  

When a pipeline break occurs, the liquid flows from the break under pressure until response actions are taken 
to depressurize the line and isolate the damaged segment. The volume lost is typically calculated assuming a 
guillotine break and an opening equal to the pipeline diameter (i.e., full bore rupture). In the first phase of the 
calculation, liquid flows from the break in the pipeline at the pipeline’s operating flow rate until the pumps are 
completely shut down. In the second phase of the calculation, the pumps have been shut down and the product 
is draining from the break under the force of gravity. The volume available for gravity flow is initially unrestricted, 
as there is short period of time between the point when the pumps have stopped and when valves are 
completely closed to isolate the ruptured pipeline segment. Once the ruptured segment has been isolated, 
gravity flow is restricted to the liquid contained in the pipeline segment between closed valves up- and down-
stream from the break, which are hydraulically above the break point. Siphoning effects are not considered in 
the non-pressurized flow calculation. Figure 3-1 illustrates a simple example of gravity drain-down from a non-
pressurized pipeline segment. The total spill volume includes the sum of the volume discharged during the 
period when the pumps are operating, the volume able to drain unimpeded by any valves before the valves are 
closed, and the volume available to drain from the pipeline between adjacent valves once the valves are closed. 
The total discharge duration includes the sum of the detection and shutdown time and the time required for any 
liquid that is able to drain, to drain out of the pipeline under gravity once the pumps have been stopped. 

 

 
Figure 3-1. Vertical section of a pipeline segment isolated between two closed valves. The volume able to drain 
from a non-pressurized pipeline segment between the valves is depicted in solid black. This is an example figure 
and is not specific to this assessment. 
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 Overland Transport Model 
In OILMAPLand, the overland flow of oil is simulated using a land elevation grid. Starting at the discharge 
location, the model searches the eight neighboring cells to determine the steepest down slope direction. The 
adjacent cell with the lowest elevation becomes the next starting location (Figure 3-2). This process repeats 
successively until a flat area or depression in the land surface is reached. In a flat area, the model searches 
beyond adjacent cells to determine the minimum distance path to a next lowest cell. In a depression, the liquid 
will form a pool until the elevation of the surface of the pool equals the elevation of the lowest grid cell on its 
boundary. At this point, the boundary of the pool is breached, and the grid cell becomes the next starting point 
for further down slope movement of oil.  

 

 
Figure 3-2. Diagram depicting how the OILMAPLand model searches the eight neighboring cells to determine the 
steepest down slope gradient and resulting direction of flow. 

 

As a discharge path is established, the discharge area is calculated and the loss of oil is computed as a function 
of three processes: adherence, pooling, and evaporation (Figure 3-3). Adherence, or depression storage, is 
the process by which oil is lost to the ground surface and vegetation as it spreads overland. Depression storage 
values vary by land type (as a function of surface area and roughness) and oil type (as a function of density 
and viscosity). Depression storage represents both the puddling of oil within small surface depressions on a 
scale smaller than the elevation grid and physical adhesion of oil on surfaces. A data grid specifying land cover 
type is used to determine the amount of oil retention on each grid cell. As oil traverses the land, a variable loss 
rate is calculated based upon changes in land cover type. Oil retention loss values vary by five orders of 
magnitude, between 0.02 and >200 mm, based on surface hydrologic studies (ASCE, 1969; Kouwen et al., 
2002; Schwartz et al, 2002). 

Pooling is a larger-scale process by which oil is trapped within depressions in the local topography (i.e., 
depressions that can be resolved at the resolution of the available elevation grid). Such depressions are 
assumed to fill with oil before additional down slope transport occurs (if the volume of oil reaching the 
depression is larger than the depression storage volume). Oil lost to the ground is the sum of these two 
processes, adhesion and pooling. 

Evaporation is the process by which the volatile portion of the liquid oil becomes a gas that enters the 
atmosphere. Evaporative loss depends on the chemical and physical parameters of the oil, as well as the shape 
of the discharge, and environmental conditions. The evaporation process is described in more detail in section 
3.1.4. 
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Figure 3-3. Conceptual diagram of land transport model for OILMAPLand, depicting the possible fate of oil as it 
moves over the land surface. 

 

The leading edge of a discharge travels with a specific velocity (V) as the oil is transported by gravity over the 
land surface. The velocity of the oil is determined using Manning’s Equation, which uses the slope of the land 
surface and the width of the oil plume: 

   V = 1/n R2/3 S1/2   (1) 

where R is the hydraulic radius, S is the slope, and n is a dimensionless number that characterizes the flow 
resistance from surface roughness. The surface roughness n is 0.05 for all land types. The hydraulic radius is 
a slope-dependent metric of cross-sectional area of flow divided by the wetted perimeter. It is calculated 
iteratively at each time step and is based upon flow rate. Typically, R is approximately 0.122 m, which 
corresponds with the velocity calculation that is dependent upon slope alone: 

   V = 4.92 S1/2    (2) 

Down-slope speed never reaches more than a few meters per second and has a minimum of 0.001 m/s. The 
maximum advance rate is limited by the discharge rate of the discharged oil. 

In many cases, the elevation grid defining the land surface is not of sufficient resolution to define channels that 
direct the path of the oil. The width of the flow path increases as the slope decreases and down-slope velocity 
slows. Conversely, the path width decreases to a narrower channel with increasing land surface slope and 
increasing down-slope velocity. The model uses the land surface slope to calculate the path width of the oil, 
which is typically around 1 m, and cannot exceed the dimension of the land elevation grid cells. 

The total volume of oil loss is equal to the sum of adherence, pooled oil, and evaporation losses. If total oil loss 
equals the total discharge volume during overland flow, then the discharge is terminated at this point. If the 
discharge volume is not a limiting factor, discharge propagation over land terminates when the leading edge 
encounters a surface water feature, or when the model’s set simulation time limit is reached. 
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 Surface Water Transport Model 
Once the discharged product encounters a surface water feature, it is transported through the surface water 
network at a velocity defined by the speed and direction of each stream segment. As oil is transported down 
the surface water network, there are two potential loss terms including: 

• Adhesion of the discharged product to the watercourse shoreline  

• Loss of the discharged product through evaporation to the atmosphere 

A diagram is provided to illustrate the modeled portions of the downstream discharge model and the factors 
influencing a discharge in surface waters (Figure 3-4). 

 

 
Figure 3-4. Conceptual diagram of the downstream transport model of the OILMAPLand model depicting the 
possible fate of oil entering the surface water network. 

 

The distance oil is allowed to be transported downstream is limited by one of three factors including: 

• Reaching a user-specified travel time limit (i.e., model simulation time limit), 

• Adherence of all available discharge product on the water surface to the watercourse bank as shoreline 
oiling, and 

• Loss of all available/remaining discharged product to evaporation. 

• User-specified travel time limits are typically defined in response plans as the time required to respond 
to a catastrophic discharge.  

The amount of oil adhering to the stream shoreline varies according to the stream shore type and oil type, 
which can be specified within the model. Five different watercourse shore types are defined, each with a 
specified bank width and range of oil retention thickness (Table 3-1). Oil volume lost to the shoreline is 
calculated as the product of the length of the shoreline oiled, the specified bank width, and the oil retention 
thickness, which is controlled by the density and viscosity of the oil. The bank width accounts for the banks on 
both sides of the watercourse, assuming both are oiled equally and completely. 
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Table 3-1. Shoreline loss values for five shore types in OILMAPLand. 

Shore Type Shore Width (m) 
Oil Thickness (mm) 

Light Oil Medium Oil Heavy Oil 
Bedrock 0.5 1 2 4 
Gravel 1 2 9 15 

Sand/Gravel 2 3 13 20 
Sand 5 4 17 25 
Marsh 20 6 30 40 

 

Oil movement across lakes is simulated based upon lake size and shape. Oil is assumed to spread radially 
across the lake surface until it covers the entire lake, or until the oil slick reaches a specified minimum thickness. 
If the minimum thickness is reached, spreading stops and the oil is transported no farther. The minimum slick 
thickness is defined as an input to the model and is dependent upon the oil type, as density, viscosity, and 
other chemical and physical parameters control the behavior of oil on the water surface. Typical values for 
minimum slick thickness range from microns (µm) for light oils to millimeters (mm) for heavier crudes. If oil 
covers the entire lake surface before reaching the minimum thickness, the remaining oil is allowed to continue 
to move down any out-flowing watercourse at the velocity defined for that specific reach or segment.  

 Evaporation 
Evaporation is the process by which volatile components of the oil diffuse out of the oil and enter a gaseous 
phase in the atmosphere. Several simplifying assumptions are made that directly affect the amount of oil 
predicted to evaporate as it spreads over land and water. In general, the rate of evaporation depends on surface 
area, oil thickness, and vapor pressure, which are functions of the composition of the oil, wind speed, and air 
and land temperature. The mass of oil evaporated is particularly sensitive to the surface area of the spreading 
oil and the time period over which evaporation is calculated. On the land surface, the exposed surface area 
and evaporation time are functions of the slope, which is defined by the elevation grid. Steeper slopes cause 
the oil to travel faster but along a narrower path, while a lower slope slows the speed of advance and increases 
the width of the oiled path. In general evaporation from surface and shoreline oil increases as the oil surface 
area, temperature, and wind speed increase.  

In the stream network, the surface area of oiled water is a function of the length of the oiled stream segments, 
times the width. The total time where evaporation is simulated is a function of stream velocity. The surface area 
of the oil then defines the rate of evaporation. Oil loss to evaporation ceases once the total oil volume is 
discharged and the simulation is terminated. Termination may occur for a number of reasons including: 

• oil loss to the ground surface, stream banks, and evaporation; 

• the stream travel time limit is exceeded; 

• the discharge reaches its minimum thickness on a lake surface; and 

• the discharge reaches a dead end in the stream network or the coastline. 

In reality, oil will continue to evaporate from the ground or water surface, increasing the total evaporation 
amount. This conservative calculation of evaporative loss is consistent with a worst-case scenario approach. 
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 OILMAPLand Model Output Description 
The OILMAPLand model simulates the overland, downslope, and downstream trajectory of discharged oil until 
the total volume of discharged oil is lost  to the ground surface, watercourse banks, and evaporation; the 
discharge reaches its minimum thickness on a lake surface; the stream travel time limit is exceeded; the 
discharge reaches a dead end in the stream network; or the discharge reaches a desired termination point in 
the stream network or the coastline (for this project, these included the Neches River, Sabine Lake, and the 
GOM). OILMAPLand outputs include a GIS polygon discharge trajectory and a mass balance and the end of 
the simulation (Figure 3-5).  

The discharge pathway at the end of each simulation is represented by the on-land grid cells, stream-lines, 
and/or lake polygons that the model predicted the discharge to reach. A 15-meter buffer is then applied to the 
discharge pathway to account for uncertainty in the overland path and to add width to stream centerlines. This 
GIS polygon represents the combined footprint of the discharge trajectory prediction, which can be used to 
determine the impacts of a potential oil discharge, such as by identifying where the GIS output polygons 
intersect High Consequence Areas (HCAs). A unique output polygon is created for each discharge location 
simulated.  

The model also outputs the mass balance for each simulation at that simulation’s endpoint, which summarizes 
the volume of the discharged product in each of the following fate categories – on land, in rivers, in 
lakes/wetlands, evaporated, and reached the coastline. The simulation endpoint, and therefore model 
simulation duration, varies between simulations, so the individual mass balance values may not be easily 
comparable between simulations. For example, a simulation where the oil stopped traveling almost immediately 
will show a low amount of evaporation compared to a simulation where the oil traveled for a long duration 
before terminating, even though the evaporation rates may be comparable.  
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Figure 3-5. Example of three individual GIS output trajectories (A-C) predicted with the OILMAPLand model.
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3.2 SIMAP Model Description 
The SIMAP modeling system is a comprehensive three-dimensional modeling system that was developed by 
RPS over many years to provide and understanding of the movement, behavior, and potential effects of crude 
oil for discharges into the water. SIMAP originated from the oil fates and biological effects sub-models in the 
Natural Resource Damage Assessment Models for Coastal and Marine Environments (NRDAM/CME) and 
Great Lakes Environments (NRDAM/GLE), which ASA (predecessor to RPS) developed in the early 1990s for 
the U.S. Department of the Interior for use in “type A” Natural Resource Damage Assessment (NRDA) 
regulations under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA). The most recent version of the type A models, the NRDAM/CME (Version 2.4, April 1996) was 
published as part of the CERCLA type A NRDA Final Rule (Federal Register, May 7, 1996, Vol. 61, No. 89, p. 
20559-20614). The technical documentation for the NRDAM/CME is in French et al. (1996). This technical 
development involved several in-depth peer reviews, as described in the Final Rule.  

While the NRDAM/CME and NRDAM/GLE were developed for simplified natural resource damage 
assessments of small spills in the U.S., SIMAP is designed to evaluate fate and effects of both real and 
hypothetical spills in marine, estuarine, and freshwater environments worldwide. Additions and modifications 
to prepare SIMAP were made to increase model resolution, allow modification and site-specificity of input data, 
allow incorporation of spatially and temporally varying current data, evaluate subsurface discharges and 
movements of subsurface oil, track multiple chemical components of the oil, enable stochastic modeling, and 
facilitate analysis of results.  

The 3D physical fates model estimates the distribution of whole oil and oil components on the water surface, 
on shorelines, in the water column, and in sediments as both mass and concentration. Because oil contains 
many chemicals with varying physical and chemical properties, and the environment is spatially and temporally 
variable, the oil rapidly separates into different environmental compartments through multiple fates processes. 
Oil fate processes included in SIMAP are oil spreading (gravitational and by shearing), evaporation, transport, 
randomized dispersion, emulsification, entrainment (natural and facilitated by dispersant [although dispersant 
application was not modeled in this assessment]), dissolution of the soluble fraction of oil into the water column, 
volatilization of dissolved hydrocarbons from the surface water, adherence of oil droplets to suspended 
sediments, adsorption of soluble and sparingly-soluble aromatics to suspended sediments, sedimentation, and 
degradation. Oil trajectory and weathering endpoints include surface oil, emulsified oil (mousse), tar balls, 
suspended oil droplets, oil adhered to particulate matter, dissolved hydrocarbon compounds in the water 
column and pore water, and oil on and in bottom sediments and shoreline surfaces.  

Consideration of the effects of subsurface oil is important, particularly in the evaluation of effects on aquatic 
organisms. Surface floating oil primarily affects wildlife (birds, mammals, reptiles, and adult amphibians) and 
shoreline biota (emergent vegetation), rather than aquatic biota (fish, invertebrates, early life-stages of 
amphibians, aquatic plants) in submerged habitats. In turbulent waters (e.g., riverine environments) and at wind 
speeds higher than about 12 knots (approximately 14 mph) (or at lower wind speeds if dispersant is applied), 
oil will entrain into the water column, unless it has become too viscous to do so after weathering and the 
formation of mousse. Once oil is entrained in the water in the form of small droplets, monoaromatic and 
polycyclic aromatic hydrocarbons (MAHs and PAHs) dissolve into the water column over time. The MAHs and 
PAHs are the most toxic portion of the oil by virtue of their relative solubility in water, making them available to 
aquatic biota for uptake. The dissolution rate of MAHs and PAHs from entrained oil is very sensitive to the 
droplet size because it involves mass transfer across the surface area of the droplet, and the amount of 
hydrocarbon mass dissolved is a function of the mass entrained and droplet size distribution. These are, in 
turn, a function of soluble hydrocarbon content of the oil, the amount of evaporation of these components before 
entrainment, oil viscosity (which increases as the oil weathers and emulsifies), oil surface tension (which may 
be reduced by surfactant dispersants), and the energy in the system (the higher the energy the smaller the 
droplets). Large droplets (greater than a few hundred microns in diameter) resurface rapidly, and so their 
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dissolution is inconsequential. Dispersant application (which was not modeled in this assessment) facilitates 
the entrainment of oil into the water in a smaller size distribution than would occur naturally, with the median 
droplet size of about 20 µm (Lunel, 1993a; 1993b).  

Thus, the fate of MAHs and lighter or more volatile PAHs in surface oil is primarily volatilization to the 
atmosphere, rather than to the water unless entrainment of the surface oil into the water is significant. If oil is 
entrained before it has weathered and lost the lower molecular weight aromatics to the atmosphere, dissolved 
MAHs and PAHs in the water can reach concentrations where they can affect water column organisms or 
bottom communities (French-McCay and Payne, 2001).  

Detailed descriptions of the algorithms and assumptions in the model are in published papers (French-McCay, 
2002; 2003; 2004; 2009). The model has been validated with more than 20 case histories, including the Exxon 
Valdez and other large spills (French and Rines, 1997; French-McCay, 2003; 2004; French-McCay and Rowe, 
2004) as well as test spills designed to verify the model (French et al., 1997). 

 SIMAP Physical Fates Model 
The three-dimensional physical fates model estimates distribution (as mass and concentrations) of whole oil 
and oil components on the water surface, on shorelines, in the water column, and in sediments. Oil fate 
processes included in SIMAP are oil spreading (gravitational and by shearing), evaporation, transport, 
randomized dispersion, emulsification, entrainment (natural and facilitated by dispersant), dissolution, 
volatilization of dissolved hydrocarbons from the surface water, adherence of oil droplets to suspended 
sediments, adsorption of soluble and sparingly-soluble aromatics to suspended sediments, sedimentation, and 
degradation.  

Oil is a mixture of hydrocarbons of varying physical, chemical, and toxicological characteristics, which have the 
potential for varying fates and effects on organisms. In the model, oil is represented by component categories, 
and the fate of each component is tracked separately. The “pseudo-component” approach (Payne et al., 1984; 
1987; French et al., 1996; Jones, 1997; Lehr et al., 2000) is used, where chemicals in the oil mixture are 
grouped by physical-chemical properties, and the resulting component category behaves as if it were a single 
chemical with characteristics typical of the chemical group.  

The most toxic components of oil to aquatic organisms are low molecular weight aromatic compounds (MAHs 
and PAHs), which are both volatile and soluble in water. Their acute toxic effects are caused by non-polar 
narcosis, where toxicity is related to the octanol-water partition coefficient (Kow), a measure of hydrophobicity. 
The more hydrophobic the compound, the more toxic it is likely to be. However, as Kow increases, the compound 
also becomes less soluble in water, so there is less exposure to aquatic organisms. The toxicity of compounds 
with log(Kow) values greater than about 5.6 is limited by their very low solubility in water and consequent low 
bioavailability (French-McCay, 2002, Di Toro et al., 2000). Thus, the potential for acute effects is the result of 
a balance between bioavailability, toxicity once exposed, and duration of exposure. French-McCay (2002) 
contains a full description of the oil toxicity model in SIMAP and French-McCay (2002) describes the 
implementation of the toxicity model in SIMAP. 

Because of these considerations, the SIMAP fates model focuses on tracking the lower molecular weight 
aromatic components divided into chemical groups based on volatility, solubility, and hydrophobicity. In the 
model, the oil is treated as comprising eight components (defined in Table 3-2). Six of the components (i.e., all 
but the two non-volatile residual components representing non-volatile aromatics and aliphatics) evaporate at 
rates specific to the pseudo-component. Solubility is strongly correlated with volatility, and the solubility of 
aromatics is higher than aliphatics of the same volatility. The MAHs (benzene, toluene, ethylbenzene, and 
xylene [BTEX] to 3-benzenes) are the most soluble, the 2-ring PAHs are less soluble, and the 3-ring PAHs 
slightly soluble (Mackay et al., 1992). Both the solubility and toxicity of the non-aromatic hydrocarbons are 
much lower than for the aromatics, and dissolution (and resulting in-water concentrations) of non-aromatics is 
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safely ignored. Thus, dissolved concentrations are calculated only for each of the three soluble aromatic 
pseudo-components.  

This number of components provides sufficient accuracy for the evaporation and dissolution calculations, 
particularly given the time frame (minutes) over which dissolution occurs from small droplets and the rapid 
resurfacing of large droplets (see discussion above). The alternative approach of treating oil as a single 
compound with empirically-derived rates (e.g., Mackay et al., 1980; Stiver and Mackay, 1984) does not provide 
sufficient accuracy for environmental effects analyses because the effects to water column organisms are 
caused by MAHs and PAHs, which have specific properties that differ from the other volatile and soluble 
compounds. The model has been validated both in predicting dissolved concentrations and resulting toxic 
effects, supporting the adequacy of the use of this number of pseudo-components (French-McCay, 2003).  

 
Table 3-2. Definition of four distillation cuts and the eight pseudo-components in the model. 

Characteristic Volatile and Highly 
Soluble 

Semi-volatile and 
Soluble 

Low Volatility and 
Slightly Soluble 

Residual (non-
volatile and very 

low solubility) 
Distillation cut 1 2 3 4 

Boiling point (oC) <180 180 - 265 265 - 380 >380 
Molecular weight 50 - 125 125 - 168 152 - 215  215 

log(Kow) 2.1 - 3.7 3.7 - 4.4 3.9 - 5.6 >5.6 

Aliphatic pseudo-components: 
number of carbons 

volatile 
aliphatics: 
C4 - C10 

semi-volatile 
aliphatics: 
C10 - C15 

low-volatility 
aliphatics: 
C15 - C20 

non-volatile 
aliphatics: 

>C20 

Aromatic pseudo-component 
name: included compounds 

MAHs: 
BTEX, MAHs to C3-

benzenes 

2 ring PAHs: C4-
benzenes, 

naphthalene,  C1-, 
C2-naphthalenes 

3 ring PAHs: C3-, 
C4-naphthalenes, 
3-4 ring PAHs with 

log(Kow) < 5.6 

≥4 ring aromatics: 
PAHs with 

log(Kow) > 5.6 
(very low 
solubility) 

 

The lower molecular weight aromatics dissolve from the whole oil and are partitioned in the water column and 
sediments according to equilibrium partitioning theory (French et al., 1996; French-McCay, 2004). The residual 
fractions in the model are composed of non-volatile and insoluble compounds that remain in the “whole oil” that 
spreads, is transported on the water surface, strands on shorelines, and disperses into the water column as oil 
droplets or remains on the surface as tar balls. This is the fraction that composes black oil, mousse, and sheen.  

 Modeled SIMAP Oil Fate Processes 
The schematics in Figure 3-6 and Figure 3-7 depict the oil fate processes simulated in the SIMAP model near 
shore and in riverine environments as well as in the offshore environment. Because oil contains many 
chemicals with varying physical-chemical properties and the environment is spatially and temporally variable, 
the oil rapidly separates into different compartments within the environment including: 

• Surface oil 
• Emulsified oil (mousse) and tar balls 
• Oil droplets suspended in the water column 
• Oil adhering to suspended particulate matter in the water 
• Dissolved lower molecular weight components (MAHs, PAHs, and other soluble components) in the 

water column 
• Oil on and in the sediments 
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• Dissolved lower molecular weight components (MAHs, PAHs, and other soluble components) in the 
sediment pore water 

• Oil on and in the shoreline sediments and surfaces 

 

 
Figure 3-6. Simulated SIMAP oil fates processes in lakes and rivers. 
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Figure 3-7. Simulated SIMAP oil fates processes in open water. 

 

The schematics in Figure 3-6 and Figure 3-7 represent oil fate processes that are simulated in the model: 

• Spreading is the thinning and broadening of surface slicks caused by gravitational forces and surface 
tension. This occurs rapidly after oil is spilled on the water surface. The rate of spreading is faster if oil 
viscosity is lower. Viscosity decreases as temperature increases. Viscosity increases as oil emulsifies. 

• Transport is the process where oil is carried by currents.  

• Turbulent dispersion: Typically, there are also “sub-scale” currents (not included in the current 
data), better known as turbulence, that move oil and mix it both in three dimensions. The process by 
which turbulence mixes and spreads oil components on the water surface and in the water column is 
called turbulent dispersion. 

• Evaporation is the process where volatile components of the oil diffuse from the oil and enter the 
gaseous phase (atmosphere). Evaporation from surface and shoreline oil increases as the oil surface 
area, temperature, and wind speed increase. As lighter components evaporate off, the remaining 
“weathered” oil becomes more viscous. 

• Emulsification is the process where water is mixed into the oil, such that the oil makes a matrix with 
embedded water droplets. The resulting mixture is commonly called mousse. It is technically referred 
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to as a water-in-oil emulsion. The rate of emulsification increases with increasing wind speed and 
turbulence on the surface of the water. Viscosity increases as oil emulsifies. 

• Entrainment is the process where waves break over surface oil and carry it as droplets into the 
water column. At higher wind speeds, or where currents and bottom roughness induce turbulence, 
wave heights may reach a threshold where they break. In open waters, waves break beginning at 
wind speeds of about 12 knots (approximately 14 mph) and wave breaking increases as wind speed 
becomes higher. Thus, entrainment becomes increasingly important (higher rate of mass transfer to 
the water) the higher the wind speed. As turbulence from whatever source increases, the oil droplet 
sizes become smaller. Application of chemical dispersant (which was not modeled in this 
assessment) increases the entrainment rate of oil and decreases droplet size at a given level of 
turbulence. Entrainment rate is slower, and droplet size is larger, as oil viscosity increases (by 
emulsification and evaporation loss of lighter volatile components). The droplet size determines how 
fast and whether the oil resurfaces.  

• Resurfacing of entrained oil rapidly occurs for larger oil droplets. Smaller droplets resurface when 
the wave turbulence decreases. The smallest droplets do not resurface, as typical turbulence levels 
in the water keep them in suspension indefinitely. Local winds at the water surface can also prevent 
oil from surfacing. Resurfaced oil typically forms sheens. In open water where currents are relatively 
slow, surface slicks are usually blown down wind faster than the underlying water, resurfacing 
droplets come up behind the leading edge of the oil, effectively spreading the slicks in the down-wind 
direction. 

• Dissolution is the process where water-soluble components diffuse out of the oil into the water. 
Dissolution rate increases the higher the surface area of the oil relative to its volume. As the surface 
area to volume ratio is higher for smaller spherical droplets, the smaller the droplets the higher the 
dissolution rate. The higher the wave turbulence, the smaller the droplets of entrained oil. Dissolution 
from entrained small droplets is much faster than from surface slicks in the shape of flat plates. The 
soluble components are also volatile, and evaporation from surface slicks is faster than dissolution 
into the underlying water. Thus, the processes of evaporation and dissolution are competitive, with 
evaporation the dominant process for surface oil. 

• Volatilization of dissolved components from the water to the atmosphere occurs as they are mixed 
and diffuse to the water surface boundary and enter the gas phase. Volatilization rate increases with 
increasing air and water temperature. 

• Adsorption of dissolved components to particulate matter in the water occurs because the soluble 
components are only sparingly so. These compounds (MAHs and PAHs) preferentially adsorb to 
particulates when the latter are present. The higher the concentration of suspended particulates, the 
more adsorption. Also, the higher the molecular weight of the compound, the less soluble, and the 
more the compound adsorbs to particulate matter. 

• Adherence is the process where oil droplets combine with particles in the water. If the particles are 
suspended sediments, the combined oil/suspended sediment agglomerate is heavier than the oil 
itself than the water. If turbulence subsides sufficiently, the oil-sediment agglomerates will settle.  

• Sedimentation (settling) is the process where oil-sediment agglomerates and particles with 
adsorbed sparingly-soluble components (MAHs and PAHs) settle to the bottom sediments. 
Adherence and sedimentation can be an important pathway of oil in near shore areas when waves 
are strong and subsequently subside. Generally, oil-sediment agglomerates transfer more PAH to the 
bottom than sediments with PAHs that were adsorbed from the dissolved phase in the water column. 
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• Resuspension of settled oil-sediment particles and particles with adsorbed sparingly-soluble 
components (MAHs and PAHs) may occur if current speeds and turbulence exceed threshold values 
where cohesive forces can be overcome.  

• Diffusion is the process where dissolved compounds move from higher to lower concentration areas 
by random motion of molecules and micro-scale turbulence. Dissolved components in bottom and 
shoreline sediments can diffuse out to the water where concentrations are relatively low. 
Bioturbation, groundwater discharge and hyporheic flow of water through stream-bed sediments can 
greatly increase the rate of diffusion from sediments (see below). 

• Dilution occurs when water of lower concentration is mixed into water with higher concentration by 
turbulence, currents, or shoreline groundwater. 

• Bioturbation is the process where animals in the sediments mix the surface sediment layer while 
burrowing, feeding, or passing water over their gills. In open-water soft-bottom environments, 
bioturbation effectively mixes the surface sediment layer about 10 cm thick (in non-polluted areas). 

• Degradation is the process where oil components are changed either chemically or biologically 
(biodegradation) to another compound. It includes breakdown to simpler organic carbon compounds 
by bacteria and other organisms, photo-oxidation by solar energy, and other chemical reactions. 
Higher temperature and higher light intensity (particularly ultraviolet wavelengths) increase the rate of 
degradation. 

• Stranding and Refloatation may occur when floating oil meets the shorelines and then refloats as 
water levels rise, allowing the oil to move further down-current (downstream). 

• Note that mechanical cleanup and dispersant application were not considered in this assessment, 
as discharges were simulated to be completely unmitigated (i.e., no emergency response activities to 
contain, collect, or disperse the oil discharge). 

 Summary of Spill Dynamics 
For a surface spill on the water surface, gravitational spreading occurs very rapidly (within hours) to a minimum 
thickness. Thus, the area exposed to evaporation is high relative to the oil volume. Evaporation proceeds faster 
than dissolution. Thus, most of the volatiles and semi-volatiles evaporate, with a smaller fraction dissolving into 
the water column. Degradation (photo-oxidation and biodegradation) also occurs at a relatively slow rate 
compared to these processes. 

Evaporation is more rapid as the wind speed increases. However, above approximately 12 knots 
(approximately 14 mph) of wind speed in open water, white caps begin to form, and the breaking waves entrain 
oil as droplets into the water column. Higher wind speeds (and turbulence) increase entrainment and results in 
smaller droplet sizes. From Stokes’ Law, larger droplets resurface faster and form surface slicks. Thus, a 
dynamic balance evolves between entrainment and resurfacing. As high-wind events occur, the entrainment 
rate increases. When the winds subside to less than 12 knots, the larger oil droplets resurface and remain 
floating, while smaller droplets may remain entrained in the water column. Similar dynamics occur in turbulent 
streams. 

The smallest oil droplets remain entrained in the water column for longer periods of time than larger oil droplets. 
Larger oil droplets rise to the surface at higher rates. While the droplets are under water, dissolution of the light 
and soluble components occurs. Dissolution rate is a function of the surface area available. Thus, most 
dissolution occurs from droplets, as opposed to from surface slicks, since droplets have a higher surface area 
to volume ratio, and they are not in contact with the atmosphere (and so the soluble components do not 
preferentially evaporate as they do from surface oil). 
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If oil is discharged or driven underwater, it forms droplets of varying sizes. The more turbulent the conditions, 
the smaller the droplet sizes. From Stokes’ Law, larger droplets rise faster, and surface if the water is shallow. 
Resurfaced oil behaves as surface oil after gravitational spreading has occurred. The surface oil may be re-
entrained. The smallest droplets in most cases remain in the water permanently. As a result of the higher 
surface area per volume of small droplets, the dissolution rate is much higher from subsurface oil than from 
floating oil on the water surface. 

Because of these interactions, the majority of dissolved constituents (which are of concern because of potential 
effects on aquatic organisms) are from oil droplets entrained in the water. For a given spill volume and oil 
type/composition, with increasing turbulence either at the water surface and/or at the stream bed: there is an 
increasing amount of oil entrained; the oil is increasingly broken up into smaller droplets; there is more likelihood 
of the oil remaining entrained rather than resurfacing; and the dissolved hydrocarbon concentrations will 
increase. Entrainment and dissolved concentrations increase with: (1) higher wind speed; (2) increased 
turbulence from other sources of turbulence (waves on a beach, rapids, and waterfalls in rivers, etc.); (3) 
subsurface discharges (especially under higher pressure and turbulence); and (4) application of chemical 
dispersants. Chemical dispersants both increase the amount of oil entrained and decrease the oil droplet size. 
Thus, chemical dispersants increase the dissolution rate of soluble components. Note that chemical 
dispersants are unlikely to be used in inland waters (i.e., not open ocean) where effects on aquatic biota are a 
primary concern. All modeled discharges were assumed to be unmitigated, and no dispersants were modeled 
in this assessment. 

These processes that increase the rate of supply of dissolved constituents are balanced by loss terms in the 
model: (1) transport (dilution); (2) volatilization from the dissolved phase to the atmosphere; (3) adsorption to 
solid particles within the water column; referred to as suspended particulate material (SPM) or total suspended 
solids (TSS); and sedimentation through the formation of oil mineral aggregates (OMA) or oil particle 
aggregates (OPA) that are more dense than the surrounding water and sink; and (4) degradation (photo-
oxidation or biologically mediated). Also, other processes slow the entrainment rate: (1) emulsification 
increases viscosity and slows or eliminates entrainment; (2) adsorption of oil droplets to SPM and settling 
removes oil from the water; (3) stranding on shorelines removes oil from the water; and (4) mechanical cleanup 
and burning removes mass from the water surface and shorelines. Thus, the model-predicted concentrations 
are the resulting balance of all these processes and the best estimates based on our quantitative understanding 
of the individual processes. 

 SIMAP Oil Fates Algorithms 
The algorithms used to model oil fate processes are described in French-McCay (2004). Lagrangian elements 
(spillets) are used to simulate the movements of oil components in three dimensions over time. Surface floating 
oil, subsurface droplets, and dissolved components are tracked in separate spillets. Transport is the sum of 
advective velocities by currents input to the model, surface wind drift, vertical movement according to buoyancy, 
and randomized turbulent diffusive velocities in three dimensions. The vertical diffusion coefficient is computed 
as a function of wind speed in the surface wave-mixed layer. The horizontal and deeper water vertical diffusion 
coefficients are model inputs. 

The oil (whole and as pseudo-components) separates into different phases or parts of the environment, i.e., 
surface slicks; emulsified oil (mousse) and tar balls; oil droplets suspended in the water column; dissolved 
lower molecular weight components (MAHs and PAHs) in the water column; oil droplets adhered and 
hydrocarbons adsorbed to suspended particulate matter in the water; hydrocarbons on and in the sediments; 
dissolved MAHs and PAHs in the sediment pore water; and hydrocarbons on and in the shoreline sediments 
and surfaces. 

The algorithms used to calculate these fates processes are briefly described in the subsections below. 
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3.2.4.1 Transport 

Lagrangian particles (spillets) are moved in three dimensions over time. For each model time step, the new 
vector position of the spillet center is calculated from the old location plus the vector sum of east-west, north-
south, and vertical components of advective and diffusive velocities: 

 Xt = X t-1 + Dt (Ut + Dt  + Rt + Wt )   (3) 

where Xt is the vector position at time t, X t-1 is the vector position at the previous time step, Dt is the time step, 
Ut is the sum of all the advective (current) velocity components in three dimensions at time t, Dt is the sum of 
the randomized diffusive velocities in three dimensions at time t, Rt is the rising or sinking velocity of whole oil 
droplets in the water column, and Wt is the surface wind transport (“wind drift”). The magnitudes of the 
components of Dt are scaled by horizontal and vertical diffusion coefficients (Okubo and Ozmidov, 1970; 
Okubo, 1971). The vertical diffusion coefficient is computed as a function of wind speed in the surface wave-
mixed layer (which ranges from centimeter scales in rivers and near lee shorelines to potentially meters in large 
water bodies away from shore when wind speeds are high), based on Thorpe (1984). The velocity Rt is 
computed by Stokes’ law, where velocity is related to the difference in density between the particle and the 
water, and to the particle diameter. The algorithm developed by Youssef and Spaulding (1993) is used for wind 
transport in the surface wave-mixed layer (described below). 

3.2.4.2 Shoreline Stranding 

The fate of spilled oil that reaches the shoreline depends on characteristics of the oil, the type of shoreline, and 
the energy environment. The stranding algorithm is based on work by CSE/ASA/BAT (1986), Gundlach (1987) 
and Reed and Gundlach (1989) in developing the COZOIL model for the U.S. Minerals Management Service. 
In SIMAP, deposition occurs when an oil spillet intersects shore surface.  Deposition ceases when the volume 
holding capacity for the shore surface is reached. Subsequent oil coming ashore is not allowed to remain on 
the shore surface. It is refloated by rising water and carried away by currents and wind drift. The remaining 
shoreline oil is then removed exponentially with time. Data for holding capacity and removal rate are taken from 
CSE/ABA/BAT (1986) and Gundlach (1987) and are a function of oil viscosity and shore type. The algorithm 
and data are in French et al. (1996). 

3.2.4.3 Spreading 

Spreading determines the areal extent of the surface oil, which in turn influences its rates of evaporation, 
dissolution, dispersion (entrainment), and photo-oxidation, all of which are functions of surface area. Spreading 
results from the balance among the forces of gravity, inertia, viscosity, and surface tension (which increases 
the diameter of each spillet); turbulent diffusion (which spreads the spillets apart); and entrainment followed by 
resurfacing, which can spatially separate the leading edge of the oil from resurfaced oil transported in a different 
direction by subsurface currents. 

For many years, Fay's (1971) three-regime spreading theory was widely used in oil spill models (ASCE, 1996). 
Mackay et al. (1980; 1982) modified Fay's approach and described the oil as thin and thick slicks. Their 
approach used an empirical formulation based on Fay's (1971) terminal spreading behaviour. They assumed 
the thick slick feeds the thin slick and that 80-90% of the total slick area is represented by the thin slick. In 
SIMAP, oil spillets on the water surface increase in diameter according to the spreading algorithm empirically 
derived by Mackay et al. (1980; 1982). Sensitivity analyses of this algorithm led to the discovery that the solution 
was affected by the number of spillets used. Thus, a formulation was derived to normalize the solution under 
differing numbers of surface spillets (Kolluru et al., 1994). Spreading is stopped when an oil-specific terminal 
thickness is reached. 
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3.2.4.4 Evaporation 

The rate of evaporation depends on surface area, thickness, vapour pressure, and mass transport coefficient, 
which in turn are functions of the composition of the oil, wind speed, and temperature (Fingas, 1996; 1997; 
1998; 1999; Jones, 1997). As oil evaporates, its composition changes, affecting its density and viscosity as 
well as subsequent evaporation. The most volatile hydrocarbons evaporate most rapidly, typically in less than 
a day and sometimes in under an hour (McAuliffe, 1989). As the oil continues to weather, and particularly if it 
forms a water-in-oil emulsion, evaporation will be significantly decreased.  

The evaporation algorithm in SIMAP is based on accepted evaporation theory, which follows Raoult’s Law that 
each component will evaporate with a rate proportional to the saturation vapour pressure and mole fraction 
present for that component. The pseudo-component approach (Payne et al., 1984; French et al., 1996; Jones, 
1997; Lehr et al., 2000) is used, such that each component evaporates according to its mean vapour pressure, 
solubility, and molecular weight. The mass transfer coefficient is calculated using the methodology of Mackay 
and Matsugu (1973), as described in French et al. (1996). 

3.2.4.5 Entrainment 

As oil on the water surface is exposed to wind and waves, or if oil moves into a turbulent area of a stream or 
river, it is entrained (or dispersed) into the water column. Entrainment is a physical process where globules of 
oil are transported from the water surface into the water column due to breaking waves or other turbulence. It 
has been observed that entrained oil is broken into droplets of varying sizes. Smaller droplets spread and 
diffuse in the water column, while larger ones rise back to the surface. 

Entrainment by Breaking Surface Wave Action 

In open waters, breaking waves created by the action of wind and waves on the water surface are the primary 
sources of energy for entrainment. Entrainment is strongly dependent on turbulence and is greater in areas of 
high wave energy (Delvigne and Sweeney, 1988). 

Delvigne and Sweeney (1988), using laboratory and flume experimental observations, developed a relationship 
for entrainment rate and oil droplet size distribution as a function of turbulent energy level and oil viscosity. 
Entrained droplets in the water column rise according to Stokes’ law, where velocity is related to the difference 
in density between the particle and the water, and to the particle diameter. The data and relationships in 
Delvigne and Sweeney (1988) are used in SIMAP to calculate mass and particle size distribution of droplets 
entrained. Particle size decreases with higher turbulent energy level and lower oil viscosity. The natural 
dispersion particle sizes observed by Delvigne and Sweeney (1988) are confirmed by field observations by 
Lunel (1993a; 1993b).  

Use of chemical dispersants (not modeled in the scenarios examined here, nor likely to occur in freshwater) 
decreases the median particle size, increasing the number of droplets in the <70 µm range (Daling et al., 1990; 
Lunel, 1993a; 1993b). Particle size distributions for dispersed oil are available for several oils from these 
studies. When dispersant is applied, the model entrains surface oil, creating subsurface droplets in the 
appropriate size distribution for dispersant use. The median particle size for permanently dispersed droplets is 
set at 20 microns, the median size observed by Lunel (1993a; 1993b). The fraction of oil permanently dispersed 
is set by the assumed dispersant efficiency. The IKU/SINTEF (Continental Shelf Institute, now SINTEF 
Petroleum) studies provide data on the viscosity range where oils may be dispersed chemically. Typically, 
dispersants are effective up to about 10,000 cP (centipoise) (Aamo et al., 1993; Daling and Brandvik, 1988; 
1991; Daling et al., 1997).  In the model, oil up to 10,000 cP is dispersed. 

Entrained oil is mixed uniformly throughout the wave-mixed zone. Vertical mixing is simulated by random 
placement of particles within the wave-mixed layer each time step. Settling of particles does not occur in water 
depths where waves reach the bottom (taken as 1.5 times wave height). Wave height is calculated from wind 
speed, duration, and fetch (distance upwind to land), using the algorithms in CERC (1984). Wave height is on 
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the scale of centimeters in small rivers and streams and near lee shorelines; whereas it may increase to meters 
in open waters under windy conditions. 

Entrainment by Bottom Roughness in Streams 

When modeling oil spills in rivers, entrainment of oil into the water column by turbulent flow over bottom 
structures and around obstacles must be taken into consideration. It is clear that in rapid flow where turbulence 
is large, rocks or other obstacles may break the surface and a plunging wake may occur where the possibility 
of entrainment increases. Delvigne (1993) demonstrated that breaking wave dispersion to fast flow past an 
obstacle, such as a pile, generates a plunging wake. This is sufficiently similar to breaking waves from 
alternative sources of turbulence such as the fast flow past an obstacle, flow over a dam, cataract with a 
hydraulic jump, or a ship crossing an oil slick. In the breaking wave model, the dispersion of energy leads to 
the plunging of oil into water and the formation of oil droplets. To relate this more generally to a river formulation, 
an energy dissipation relationship was developed. In this formulation, energy dissipation is proportional to the 
stream flow rate and bottom roughness and is inversely proportional to the local depth. The generation and 
propagation of turbulent energy through the water column due to bottom roughness is applied with a typical 
quadratic stress equation to the plunging flow (Anderson et al., 1995). The dispersed mass of oil is determined 
by scaling the surface area covered by oil at the dispersion source and the range of oil droplet sizes, which is 
a function of the dispersion energy. 

3.2.4.6 Emulsification (Mousse Formation) 

The formation of water-in-oil emulsions, or mousse, depends on oil composition and turbulence level.  
Emulsified oil can contain as much as 80% water in the form of micron-sized droplets dispersed within a 
continuous phase of oil (Daling and Brandvik, 1988; Fingas et al., 1997).  Viscosities are typically much higher 
than that of the parent oil. The incorporation of water also dramatically increases the oil/water mixture volume. 

The Mackay and Zagorski (1982) emulsification scheme is implemented in SIMAP for floating oil. Water content 
increases exponentially, with the rate related to the square of wind speed and previous water incorporation. 
Viscosity is a function of water content. The change in viscosity feeds back in the model to the entrainment 
rate. 

3.2.4.7 Dissolution 

Dissolution is the process by which soluble hydrocarbons enter the water from a surface slick or from entrained 
oil droplets. The lower molecular weight hydrocarbons tend to be both more volatile and more soluble than 
those of higher molecular weight. For surface slicks, since the partial pressures tend to exceed the solubilities 
of these lower molecular weight compounds, evaporation accounts for a larger portion of the mass than 
dissolution (McAuliffe, 1989), except perhaps under ice. Dissolution and evaporation are competitive 
processes. The dissolved component concentration of hydrocarbons in water under a surface slick shows an 
initial increase followed by a rapid decrease after some hours due to the evaporative loss of components. Most 
soluble components are also volatile and direct evaporation (volatilization) from the water column depletes their 
concentrations in the water. Dissolution is particularly important where evaporation is low (dispersed oil droplets 
and ice-covered surfaces). Dissolution can be significant from entrained droplets because of the lack of 
atmospheric exposure and because of the higher surface area per unit of volume. 

The model developed by Mackay and Leinonen (1977) is used in SIMAP for dissolution from a surface slick. 
The slick (spillet) is treated as a flat plate, with a mass flux (Hines and Maddox, 1985) related to solubility and 
temperature. It assumes a well-mixed layer with most of the resistance to mass transfer lying in a hypothetical 
stagnant region close to the oil. For subsurface oil, dissolution is treated as a mass flux across the surface area 
of a droplet (treated as a sphere) in a calculation analogous to the Mackay and Leinonen (1977) algorithm. The 
dissolution algorithm was developed in French et al. (1996). 
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3.2.4.8 Volatilization from the Water column 

The procedure outlined by Lyman et al. (1982), based on Henry’s Law and mass flux (Hines and Maddox, 
1985), is followed in the SIMAP fates model. The volatilization depth for dissolved substances is limited to a 
maximum of one half the wave height. Wave height is computed from the wind speed and fetch (CERC, 1984). 
The volatilization algorithm was developed in French et al. (1996). 

3.2.4.9 Adsorption and Sedimentation 

Hydrocarbons dissolved in the water column are carried to the sediments primarily by adsorption to suspended 
particulates and subsequent settling. The ratio of adsorbed (Ca) to dissolved (Cdis) concentrations (whereby 
concentrations are reported as mg per L of water or mg/L) is computed from standard equilibrium partitioning 
theory as: 

   Ca / Cdis = Koc Css     (4) 

Koc is a partitioning coefficient (L/mg) and Css is the concentration of suspended particulate matter in the water 
column expressed as mass of particulate per volume of water (mg/L). As a default, the model uses a mean 
value of total suspended solids of 10 mg/l (Kullenberg, 1982); alternatively, suspended sediment concentration 
is specified as model input.  

Sedimentation of oil droplets occurs when the specific gravity of oil increases over that of the surrounding water. 
Several processes may act on entrained oil and surface slicks to increase density: weathering (evaporation, 
dissolution, and emulsification), adhesion or sorption onto suspended particles or detrital material, and 
incorporation of sediment into oil during interaction with suspended particulates, bottom sediments, and 
shorelines. Rates of sedimentation depend on the concentration of suspended particulates and the rates of 
particulate flux into and out of an area. In areas with high suspended particulate concentrations, rapid dispersal 
and removal of oil is found due to sorption and adhesion (Payne and McNabb, 1984).  

Kirstein et al. (1987) and Payne et al. (1987) used a reaction term to characterize the water column interactions 
of oil and suspended particulates. The reaction term represents the collision of oil droplets and suspended 
matter, accounting for both oiled and unoiled particulates. The model formulation developed by Kirstein et al. 
(1987) is used to calculate the volume of oil adhered to particles. In the case where the oil mass is larger than 
the adhered sediment (i.e., the sediment has been incorporated into the oil), the buoyancy of the oil droplet will 
control its settling or rise rate. The Stokes’ law formulation is used to adjust vertical position of these particles. 
If the mass of adhered droplets is small relative to the mass of the sediment it has adhered to, the sediment 
settling velocity will control the fate of the combined particulate. 

3.2.4.10 Degradation 

Degradation may occur as the result of photolysis or photo-oxidation, which is a chemical process energized 
by ultraviolet light from the sun, and by microbial breakdown, termed biodegradation. In the model, degradation 
occurs on the surface slick, deposited oil on the shore, the entrained oil and dissolved hydrocarbons in the 
water column, and oil in the sediments. A first order decay algorithm is used, with a specified (total) degradation 
rate for each oil type: surface oil, water column oil, and sedimented oil (French et al., 1999). 

 SIMAP Model Physical Fates Output Description   
The physical fates model creates output files recording the distribution of a spilled substance in three-
dimensional space and time. The quantities recorded are: 

• cumulative area covered by oil and thickness on the water surface ("swept area"); 
• volumes in the water column at various concentrations of dissolved hydrocarbons; 
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• volumes in the water column at various concentrations of total hydrocarbons in suspended 
droplets; 

• total and dissolved hydrocarbon mass in surface sediment; 
• lengths and location of shoreline affected by oil, and volume of oil ashore in each shoreline 

segment. 

The dissolved hydrocarbon concentration in the water column is calculated from the mass in the Lagrangian 
elements, as follows. Concentration is contoured on a three-dimensional Lagrangian grid system. This grid is 
scaled each time step to cover the volume occupied by aromatic particles, including the dispersion around each 
particle center. This maximizes the resolution of the contour map at each time step and reduces error caused 
by averaging mass over large cell volumes. Distribution of mass around the particle center is described as 
Gaussian in three dimensions, with one standard deviation equal to twice the diffusive distance (2Dxt in the 
horizontal, 2Dzt in the vertical; where Dx is the horizontal diffusion coefficient, Dz is the vertical diffusion 
coefficient, and t is the particle age). The plume grid edges are set at one standard deviation away from the 
outer-most particle. These data are used by the biological effects model to evaluate exposure, toxicity and 
acute effects. 

 SIMAP Biological Effects Model for Evaluating Acute Toxic Effects 
The SIMAP biological exposure model estimates the volume and area of water (and stream length, as 
appropriate) affected by surface oil, concentrations of oil components in the water, and sediment contamination. 
Then the SIMAP biological effects model estimates losses resulting from acute exposure after a spill (i.e., 
losses at the time of the spill and while acutely toxic concentrations remain in the environment) in terms of 
direct mortality.   

The area potentially affected by the spill is represented by a rectangular grid with each grid cell coded by habitat 
type. Habitat types are defined by depth, proximity to shoreline(s), bottom/shore type, and dominant vegetation 
type. The habitat grid is also used by the physical fates model to define the shoreline location and type, as well 
as habitat and sediment type. A habitat is an area of essentially uniform physical and biological characteristics 
that is occupied by a group of organisms that are distributed throughout that area. A contiguous grouping of 
habitat grid cells represents an ecosystem in the biological model. The density of fish, invertebrates, wildlife, 
and rates of lower trophic level productivity are assumed constant for the duration of the spill simulation and 
evenly distributed across an ecosystem. While biological distributions are known to be highly variable in time 
and space, data are generally not sufficient to characterize this patchiness. Since oil is also patchy in 
distribution, the patchiness is assumed to be on the same scale so that the intersection of the oil and biota is 
equivalent to overlays of spatial mean distributions. 

3.2.6.1 Aquatic Biota  

In the SIMAP model, aquatic biota (e.g., fish, invertebrates) are affected by dissolved hydrocarbon 
concentrations in the water or sediment. This rationale is supported by the fact that soluble aromatics are the 
most toxic constituents of oil (Neff et al., 1976; Rice et al., 1977; Tatem et al., 1978; Neff and Anderson, 1981; 
Malins and Hodgins, 1981; National Research Council (NRC), 1985; 2003; Anderson, 1985; French-McCay, 
2002). Exposures in the water column are short in duration and effects are the result of acute toxicity. In the 
sediments, exposure can be both acute and chronic, as the concentrations may remain elevated for longer 
periods of time.  

The model evaluates mortality and sublethal effects of dissolved aromatic concentrations in the water or 
sediment. Mortality is a function of duration of exposure – the longer the duration of exposure, the lower the 
effects concentration (see review in French-McCay, 2002). At a given concentration after a certain period of 
time, all individuals that will die, will have done so. The lethal concentration at which 50% of exposed organisms 
will die, for a specified duration of exposure, is defined as LC50. The cumulative percent mortality is a log-
normal function of concentration, with the LC50 located at the mid-point of the distribution (Figure 3-8).  The 
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incipient LC50 (LC50¥) is the asymptotic LC50 reached after infinite exposure time (or long enough that that 
level is approached). While toxicity studies may deal with LC50¥ (with known dosing and long-term exposure), 
the duration of exposure is rarely infinite. Therefore, the concentration and duration of exposure is calculated 
within the SIMAP model to calculate the fractional mortality that would be predicted with shorter durations of 
exposure. 

 

 
Figure 3-8. Illustration of percent mortality as a function of concentration (left). The LC50 is at the center of the 
log-normal function, aligning with 50% mortality. The LC50 of dissolved oil PAH mixtures as a function of 
exposure duration and temperature (right). 

French-McCay (2002) provides estimates of LC50¥ for MAH and PAH mixtures in fuel and crude oils for spills 
under different environmental conditions. Figure 3-8 plots LC50s for total dissolved PAHs for species of average 
sensitivity under turbulent conditions (LC50¥ = 50 µg/L) for a range of exposure durations and temperatures. 
The LC50¥ for 95% of species fall in the range 5-400 µg/L. This oil toxicity model has been validated using 
laboratory oil bioassay data (French-McCay, 2002). 

In SIMAP, LC50¥ for the dissolved aromatic mixture of the spilled oil is input to the model. For each aquatic 
biota behavior group, the model evaluates exposure duration and corrects the LC50 for time of exposure and 
temperature to calculate mortality (Figure 3-8). The oil toxicity model is described in the next section, and in 
detail in French-McCay (2002). It is important to note that an LC50¥ = 50 µg/L does not correlate to 50% 
mortality at a concentration of 50 µg/L if the exposure is for less than several days. The SIMAP model accounts 
for the duration of exposure and scales the predicted mortality to lower values for shorter durations of exposure.  

Mortality is calculated as percent loss in specified areas. This is translated into the equivalent area of 100% 
loss. This equivalent area of 100% loss is useful when results are compared to one another. As an example, if 
one scenario resulted in predictions of 10 km2 with 20% mortality, and another resulted in 4 km2 with 50% 
mortality, then the two would have the same equivalent area of 100% mortality, which would be 2 km2. To go 
one step further, the equivalent area of 100% loss can be divided by the total area of habitat available in the 
region of interest to estimate a percentage of the population in the area affected. The percent mortality of the 
exposure group is multiplied by abundance at the time exposed and in the habitat type to calculate the species’ 
mortality as numbers of individuals or biomass (kg). 

3.2.6.2 Oil Toxicity 

The following describes the oil toxicity model, OilToxEx, used in the SIMAP exposure model. The full 
development of OilToxEx and data upon which it is based are in French-McCay (2001; 2002). This utilizes the 
accepted toxic units approach for organic compounds, including MAHs and PAHs, where the primary acute 
effect is narcosis (Bradbury et al., 1989). The approach was used by U.S. EPA for development of PAH water 
and sediment quality criteria (Di Toro et al., 2000; Di Toro and McGrath, 2000; US EPA, 2003; 2008). The oil 
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toxicity model has been validated using laboratory oil bioassay data for both fresh and salt-water organisms 
(French-McCay, 2002) and for lobster mortality in the case of the North Cape spill (French-McCay, 2003). The 
underlying toxicity data used to develop the model is based on bioassays for freshwater and marine fish, 
invertebrate and algal species at a variety of life stages. Below is a summary of the oil toxicity analysis in 
French-McCay (2001; 2002). 

The most toxic components of oil to pelagic (fish, plankton, amphibians) and benthic (invertebrates, algae) 
organisms are lower-molecular-weight compounds, which are both volatile and soluble in water, especially the 
aromatic compounds (Anderson et al., 1987; French et al., 1996; French-McCay, 2001; 2002; 2003). It has been 
shown that toxicity of narcotic organic compounds, such as these lower-molecular-weight aromatics in oil 
(MAHs and PAHs), is related to the octanol-water partition coefficient (Kow), a measure of hydrophobicity 
(Nirmalakhandan and Speece, 1988; Hodson et al., 1988; Blum and Speece, 1990; McCarty, 1986; McCarty 
et al., 1992a; Mackay et al., 1992; McCarty and Mackay, 1993; Varhaar et al., 1992; Swartz et al., 1995; French 
et al., 1996; French-McCay, 2001; 2002; 2003). Chemicals that have a narcotic mode of action affect organisms 
by accumulating in lipids (such as in the cell membranes) and disrupting cellular and tissue function. At the 
same time, however, the more hydrophobic a compound is, the more it accumulates in the tissues, and the 
more severe its effect. However, the more hydrophobic the compound, the less soluble it is in water, and so 
the less available it is to aquatic organisms. Compounds of log(Kow) > 5.6 are virtually insoluble, and so are not 
bioavailable and thus make no meaningful contribution to the acute toxicity of hydrocarbon mixtures to aquatic 
biota (French-McCay, 2001; 2002). Biological effects are the result of a balance between bioavailability 
(dissolved-component exposure) and toxicity once exposed. 

The acute toxic effects of narcotic chemicals, including lower molecular weight aromatics, are additive (Swartz 
et al., 1995; French et al., 1996; Di Toro et al., 2000; Di Toro and McGrath, 2000; French-McCay, 2001; 2002; 
2003). The Toxic Unit (TU) model is used to estimate the toxicity of a mixture of narcotic chemicals. A TU is 
defined as the exposure concentration divided by the LC50 (lethal concentration to 50% of exposed organisms). 
For a mixture, the toxic units are additive. When STU = 1, the mixture is lethal to 50% of exposed organisms.  

It has been shown (French et al., 1996; French-McCay, 2001; 2002) that the LC50 of the mixture (LC50mix) is 
related to the LC50 of each chemical i in the mixture and the dissolved concentration of chemical i in the total 
mixture: 

  Fi = Cw,i / ( S Cw,i)   (5) 

  LC50mix = 1 / S ( Fi / LC50i )   (6) 

where Cw,i is the dissolved concentration of chemical i in the water. The values of Fi may be measured in the 
field or Fi may be estimated from data on oil composition. It has been shown that for turbulent surface waters 
where entrainment of oil has occurred, the values of Fi are nearly proportional to the source oil aromatic 
composition. The values of LC50i can be estimated using regression models relating LC50 to Kow (French-
McCay, 2001; 2002). The 95% confidence range of this regression provides LC50s for average (50th percentile), 
sensitive (2.5th percentile), and insensitive (97.5th percentile) species. This oil toxicity model is used to estimate 
the LC50 for the dissolved aromatic mixture originating from the spilled oil. Only the soluble compounds of 
log(Kow) ≤ 5.6 are included in the additive toxicity model. 

Toxicity varies with duration of exposure, with the LC50 decreasing as exposure time increases (Sprague, 1969; 
Kooijman, 1981; McAuliffe, 1989; Anderson et al., 1987; French and French, 1989; French, 1991; McCarty et al., 
1989; 1992a; 1992b; Mackay et al., 1992; French et al., 1996). This is due to the accumulation of toxicant over 
time up to a critical body residue (tissue concentration) that causes mortality. The accumulation is faster at higher 
temperatures, such that LC50 at a given (short) exposure time decreases with increasing temperature.  

The following algorithm was developed in French-McCay (2001; 2002). The LC50 of an aromatic in the oil 
mixture varies with exposure time and temperature according to: 
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  LC50¥  = LC50t (1 – e-et)    (7) 

  log10(e) = e1 – e2 log10(Kow)    (8) 

  de/dT = tT      (9) 

where t is time of exposure, LC50t is LC50 at time t, LC50¥ is LC50 at infinite time of exposure, Kow is the 
octanol-water partition coefficient, e1 =1.47 and e2 = 0.414, T = temperature (˚C), and t = 0.11 (French-McCay, 
2002). 

LC50s for MAHs and PAHs from the literature were corrected for time and temperature of exposure to calculate 
LC50¥. The QSAR (Quantitative Structure Activity Relationship) regression for narcotic aromatics in oil was 
developed: 

  log10(LC50¥) = log10(f) + g log10(Kow)   (10) 

For 278 bioassays on individual aromatics, the slope and intercept of the regression are: log10(f) = 4.8926 and 
g = -1.0878. This QSAR describes the mean response for all species (i.e., the response of the average species) 
and the slope of this relationship is constant for all species (see Di Toro et al., 2000 for theory). The intercept 
varies by species, with 95% of species falling within the range log10(f) = 3.9704 (sensitive species) and log10(f) 
= 5.8147 (insensitive species). The above equation may be used to estimate LC50¥ for any aromatic, assuming 
an appropriate intercept for the species of concern. 

The SIMAP exposure model takes into account the time and temperature of exposure, using the rearrangement 
of the above: LC50t = LC50¥ / (1 – e-et) to correct the LC50. Time of exposure is evaluated by tracking 
movements of organisms relative concentrations greater than the concentration lethal to 1% of exposed 
organisms (LC1, approximated as 1% of LC50¥). Stationary or moving Lagrangian tracers that represent 
organisms record the concentrations of exposure over time and the dose (summed concentration times 
duration) to an organism represented by that behavior. Exposure time is the total time concentration exceeds 
LC1. The concentration is the average over that time, or total dose divided by exposure time. The percent 
mortality is then calculated using the log-normal function centered on LC50t. 

BTEX is very soluble in water, so exposure concentrations can be high. However, BTEX is only moderately 
hydrophobic (so relatively low in toxicity) and it is also very volatile. Thus, the BTEX rapidly volatilizes reducing 
exposure concentrations. For these reasons, the effects due to BTEX after a spill are typically low and of short 
duration, except potentially for very light fuels such as gasoline or jet fuel, which may contain high percentages 
of BTEX. 

PAHs and many of the alkyl-substituted benzenes are less soluble than BTEX but do dissolve in significant 
bioavailable quantities. Because they are more hydrophobic than BTEX, they more strongly partition into the 
lipids in membranes and tissues. Thus, they are more toxic and can have significant effects on aquatic 
organisms. 

Lower-molecular-weight aliphatic hydrocarbons (e.g., alkanes and cycloalkanes with boiling points less than 
about 380oC) may also contribute to toxicity after an oil spill. However, the aliphatics are more volatile (have 
higher vapor pressure) and less soluble than aromatics of the same molecular weight (Mackay et al., 1992) 
and would be more readily lost to the atmosphere from surface waters. They are also less toxic than the 
aromatics of similar molecular weight (French-McCay, 2001; 2002). Anderson et al. (1981) and Anderson 
(1985) found that 98% of the dissolved hydrocarbons in oil and water dispersions were aromatics (MAHs and 
PAHs). 

The residual fraction in the model is composed of non-volatile and relatively insoluble compounds that remain 
in the “whole oil” that spreads, is transported on the water surface, strands on shorelines, and disperses into 
the water column as oil droplets or remains on the surface as tar balls. This is the fraction that comprises black 
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oil, mousse, and sheen. In the model, it is assumed not to be bioavailable or acutely toxic to aquatic biota, 
although it may have acute effects on wildlife species and contribute to chronic effects on aquatic biota. 

The LC50mix of aromatic mixtures from oil were calculated using the additive model, including those aromatics 
that are measured in the oil and dissolved in the water [with log(Kow) ≤ 5.6] for long enough for exposure to 
aquatic organisms to be significant. Typically, only the PAHs are dissolved in sufficient quantity and remain in 
the water long enough for their toxic unit values to be significant. The biological effects model uses the 
calculated SPAH (or SBTEX + SPAH if BTEX is significant) and the estimated LC50mix corrected for time and 
temperature of exposure to estimate mortality to aquatic biota. Typically, the appropriate LC50mix for most 
species is the average sensitivity, as specific data are not available for all species and the most likely LC50 for 
an untested species would be the mean of the observations for other species. However, for certain species 
known to be sensitive to organics with a narcotic mode of action, the sensitive 2.5th or some other percentile 
LC50mix may be more appropriate. Categorization of species as sensitive, average, or insensitive may be based 
on bioassay data reviewed in French-McCay (2001) or similar data indicating the percentile of the species’ 
sensitivity to the narcotic lower molecular weight aromatics in oil. 

The dissolved concentrations are estimated by the fates model for both the water column and sediments. 
Dissolved concentrations the water column result mainly from dissolution of entrained oil droplets, as the 
soluble compounds evaporate faster from surface slicks. In the sediments, dissolved concentrations in pore 
waters are calculated using the equilibrium partitioning model. Exposure and mortality of benthic organisms 
are a function of the dissolved concentrations in pore water. This methodology has been validated by Swartz 
et al. (1995) and used in sediment quality criteria for PAHs (Di Toro et al., 2000; US EPA, 2003; 2008). 

To estimate LC50mix values for dissolved PAHs in the water, the additive model described in French-McCay 
(2002) was used. French-McCay (2002) estimated LC50mix = 50 µg/L for typical fuels at infinite exposure time 
and for the average species and life stage. Ninety-five percent of species and life stages have LC50s between 
5 and 400 µg/L.  

The LC50s are for the concentration of dissolved PAHs that would be lethal to 50% of organisms exposed for 
a long enough time for mortality to occur. For PAHs, this is for at least 10 days of exposure at warm temperature. 
For chemicals in general, toxicity is higher, and the LC50 lower, at longer time of exposure and higher 
temperature (French et al., 1996; French-McCay, 2002). The model corrects this LC50 to temperature and 
duration of exposure for each group of organisms exposed. 

For this exposure assessment, modeling was performed using two acute toxicity endpoints for in-water effects: 
the LC50mix for species of average sensitivity (50 µg/L) and for sensitive species (5 µg/L). The lower value (5 
µg/L) would be protective of 97.5% of species or life stages in the aquatic environments of concern. For surface 
and shoreline effects, a toxicity endpoint of 10 µm was used.  

3.2.6.3 Wildlife 

The likelihood of encounter with oil will be different for each wildlife type depending on its behavior. Terrestrial 
mammals and birds that do not feed in aqueous habitats would likely avoid the oil, except for those attracted 
to carrion (e.g., foxes, coyotes, wolverines, bald eagles). Scavengers and wildlife that obtain part of their diet 
from aquatic habitats (e.g., racoons, moose) would have a moderate probability of becoming oiled.  Aquatic 
mammals (e.g., muskrat, beaver, otter, and mink), waterfowl, wading birds, and turtles would have a high 
likelihood of being oiled.  

In this report, “wildlife” includes the air-breathing vertebrates that occupy primarily terrestrial habitats but also 
interact with the aquatic environment. Accordingly, wildlife includes birds, mammals, reptiles, and adult stages 
of amphibians. The potential effects on wildlife that are in the spill-affected area are evaluated based on the 
probability of encounter with floating and/or shoreline oil and the amount of oil that is likely to accumulate on 
an individual animal. The threshold of oil thickness that would impart a lethal dose to intersecting wildlife is 10 
microns (~10 g/m2), based on literature reviews by Engelhardt (1983), Clark (1984), Geraci and St. Aubin 
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(1988), Jenssen (1994) and other oil effects literature on aquatic birds and marine mammals. Varoujean et al. 
(1983) state that 1 g/m2 of oil on the water surface is 100% lethal to birds when confined to the oil slick in an 
enclosure, while 0.1 g/m2 is not enough to cause acute mortality. Peakall et al. (1985) state that blue sheen oil 
<1 μm thick (equivalent to <1 g/m2) (NRC, 1985) is not harmful to seabirds. Jenssen and Ekker (1991a; 1991b) 
studied the effects of exposure of eiders to oil at various doses. The required dose for an effect on metabolism 
was >20 mL of crude oil on the skin or feathers, with hydrocarbons being adsorbed directly and ingested via 
preening. However, their literature review revealed that an order of magnitude more oil is the required dose for 
significant and potentially lethal effects.  

Birds incubating eggs can transfer oil to the egg from their plumage (Albers and Szaro, 1978; King and Lefever, 
1979; Albers, 1980). Clutches of common eider eggs treated with 20 µL of fuel oil had significantly greater 
embryonic mortality than control clutches (Albers and Szaro, 1978). Hatching success was significantly reduced 
for mallards with plumage exposed to 100 mL/m2 (0.1 mm) of Prudhoe Bay crude oil for 48 hours while 
incubating eggs, whereas the reduction in hatching success was not significant at 5 mL/m2 of oil exposure. 
However, survival rates of newly hatched ducklings and adults exposed to up to 100 mL/m2 oil were not 
significantly lowered (Albers, 1980). Mortality rates of mallard eggs treated with 1 and 5 µL South Louisiana 
crude oil were 35% and 91%, respectively. For chicken eggs, mortality rates were 38%, 80%, and 98% with 
applications of 1, 5, and 10 µL of oil, respectively (Hoffman, 1978). As these amounts of oil covered only small 
fractions of the eggshell surface, effects were likely due to chemical toxicity and not to physical causes such 
as reduced gas exchange rates. 

To determine the effects on mammalian receptors, Wolfe and Esher (1981) exposed rice rats to 200 mL/m2 
(~200 g/m2) and 20 mL/m2 (~20 g/m2) of crude oil on the water surface. These studies were conducted in 
laboratory test chambers, with 1 m2 water and two islands. In both exposures, willingness to enter the water 
and swim was reduced. Survival 24 hours later was significantly lowered in the higher exposure treatment. 
Survival rate was not measured beyond 24 hours after exposure. These results suggest that mortality would 
occur for other semi-aquatic mammals, such as muskrat, mink, and otter that swim through oil. River otters 
were observed to be killed by Exxon Valdez oil (Spies et al., 1996). 

Little research is available to quantify oil exposure effects on aquatic reptiles. Much of what is available 
regarding reptiles includes work on sea turtles, synthesized by Vargo et al. (1986). In addition to direct 
mechanical and chemical toxicity, effects include reduced hatching rates and developmental deformities (Milton 
et al., 2003). For turtles of all ages, ingestion of tar balls is a major issue because turtles eat anything that 
appears to be the same size as their preferred prey. Ingestion can result in starvation from gut blockage, 
decreased absorption efficiency, absorption of toxins, buoyancy problems from buildup of fermentation gasses, 
and other effects (Milton et al., 2003). Inhalation of vapor is also of concern for turtles. Sea turtles have not 
been shown to exhibit avoidance behavior when surrounded by petroleum fumes (Milton et al., 2003) and 
presumably freshwater turtles would behave similarly. 

The SIMAP model uses an estimate of the minimum external dose of oil that is lethal. During testing that was 
conducted, there was one observation of a 70 mL dose causing a significant change in metabolic rate, however 
200-500 mL has been observed as the lethal dose when applied to the plumage of ducks (Jenssen, 1994). In 
the SIMAP model, 350 mL is assumed to be the lethal dose for all wildlife. Assuming that a swimming bird has 
a width of 15 cm, it would need to swim through 23 m of oil of 100 μm thickness, 230 m of oil of 10 μm thickness, 
or 2300 m of oil of 1 μm thickness, to obtain a dose of 350 mL. This distance spent in oil need not be in a 
straight line. If an animal swims at a rate of 10 m/min, then 23 m would be covered in about 2 minutes. Carrying 
this calculation forward, 230 m would be covered in 23 min and 2300 m would be covered in 230 min (3.8 
hours). A slick thickness of 10 μm is assumed as a threshold thickness for oiling mortality, given the sizes of 
the water bodies involved and likely exposure times of animals within them (French-McCay, 2009). Those 
animals oiled above a threshold lethal dose may die, given the environmental temperatures involved and the 
possibility that timely capture and treatment may not be possible. 
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3.2.6.4 SIMAP Model Biological Output Description   

The biological effects model (French et al., 1996; French-McCay, 2003; 2004; 2009) estimates short term 
(acute) exposure of biota to floating oil and subsurface oil contamination (in-water and sediments) and predicts 
the resulting percent mortality. Toxicity to aquatic biota in the water column and sediments is estimated from 
dissolved aromatic concentrations and exposure duration, using laboratory-based bioassay data for oil 
hydrocarbon mixtures (French-McCay, 2002). In each habitat grid cell, acute toxicity to aquatic biota in water 
column and demersal (bottom one meter of the water immediately above the sediments) habitats are evaluated 
by tracking exposure for these different behaviour groups. In the rivers, where water depths are near or less 
than 1 m, the affected areas for water column and demersal biota are the same.  Areas where effects on wildlife 
might occur are estimated based on the area swept by surface oil over a threshold thickness for acute toxic 
effects.   

The dissolved aromatic modeling results for all fates scenarios were post-processed to analyze the extent of 
dissolved hydrocarbon concentrations and the potential for effects on aquatic organisms (e.g., fish). The 
threshold value for species toxicity in the water column is based on global data from French-McCay (2002), 
which showed that species sensitivity to dissolved hydrocarbons exposure >4 days (96-hour LC50) varied from 
5 to 400 µg/L with an average of 50 µg/L. This range covered 95% of aquatic organisms (fish, invertebrates 
and eggs) tested. Biological effects were evaluated for species with high sensitivity to dissolved hydrocarbons 
(e.g., 5 µg/L level) to indicate a protection of 97.5% of species, and for species with an average sensitivity to 
dissolved hydrocarbons (e.g., 50 µg/L level) to indicate average losses.   

The results of the biological exposure model provide estimates of the equivalent area (km2) of 100% mortality 
by behavior group for wildlife and fish/invertebrates. Potential acute effects following a discharge can greatly 
by space, time, and percent kill. In some cases, 100% mortality may be experienced in some localized regions, 
while much broader areas may experience only partial effects (e.g., 10% mortality). To normalize results, the 
equivalent areas of 100% predicted mortality were estimated for both the surface/shoreline and the water 
column. This implies that the equivalent area of 100% mortality would be the same for a discharge that resulted 
in 100% mortality over 1 km2 versus 1% mortality over 100 km2. This example is an oversimplification, however, 
as the SIMAP model will predict the likely percent mortality by grid cell for the entire modeled domain. 

It should be noted that injury resulting from non-acute mortality due to a spill (e.g., chronic effects, delayed 
mortality such as reduced cardiac fitness [Incardona et al., 2015]) are not accounted for in the exposure model. 
Therefore, the results predicted by the biological exposure model may be considered underestimates for fish 
and wildlife. This metric was evaluated for both pelagic and demersal species, benthic and planktonic 
organisms, and other avian, wildlife, and mammalian receptors. 

The area of potential effects on wildlife is presented as the area of the open water or shoreline that was covered 
by oil above the thickness threshold for acute effects at any time during the scenario. In this case, the threshold 
thickness was 10 µm. It is important to note that this area does not imply direct effects on all wildlife in that area 
since the actual effects will be different for each wildlife type depending on the percent likelihood of 
encountering oil, which is based on behavior.  

3.3 SIMAP Model Uncertainty and Validation 
The SIMAP model has been developed over several decades to include past and recent information from 
laboratory-based experiments and real-world discharges to simulate the trajectory and fate of discharged oil. 
However, there are limits to the complexity of processes that can be modeled, as well as gaps in knowledge 
regarding the affected environment. Assumptions based on available scientific information and professional 
judgment were made in the development of the model, which represent a best assessment of the processes 
and potential exposures that could result from oil discharges.  
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The major sources of uncertainty in the oil fate model is: 

• Oil contains thousands of chemicals with differing physical and chemical properties that determine 
their fate in the environment. The model must, out of necessity, treat the oil as a mixture of a limited 
number of components, grouping chemicals by physical and chemical properties. 

• The fates model contains a series of algorithms that are simplifications of complex physical-chemical 
processes. These processes are understood to varying degrees. 

• The model treats each discharge as an isolated, singular event and does not account for any 
potential cumulative exposure from other sources of contamination. 

• Several physical parameters including but not limited to hydrodynamics, water depth, total 
suspended solids concentration, and wind speed were not sampled extensively throughout the entire 
modeled domain. However, the data that did exist was sufficient for this type of modeling. When data 
were lacking, professional judgment and previous experience was used to refine the model inputs.  

In the unlikely event of an actual discharge of oil, the trajectory, fate, and potential biological exposure will be 
strongly determined by the specific environmental conditions, the precise locations, and a myriad of details 
related to the specific event and exact timeframe of the discharge. Modeled results are a function of the 
scenarios simulated and the accuracy of the input data used. The goal of this study was not to forecast every 
detail that could potentially occur, but to describe a range of possible consequences and exposures of oil 
discharges under various representative scenarios. 

In addition, in the unlikely event of an actual oil spill, the fates and effects will be strongly determined by the 
specific environmental conditions, the precise locations and types of organisms present, and a myriad of details 
related to the event. Thus, the results are a function of the scenarios simulated and the accuracy of the input 
data used. The goal of this study was not to forecast every detail that could potentially occur, but to describe a 
range of possible consequences so that an informed analysis could be made as to the likely effects of oil spills 
under various scenarios. The model inputs are designed to provide representative conditions to inform such an 
analysis for the scenarios considered.  

Despite the uncertainty inherent in this type of modeling, the OilToxEx model in SIMAP and the data upon 
which it is based (French-McCay, 2001; 2002) have been validated through various studies and applications. 
The toxic units approach was used by U.S. EPA for development of PAH water and sediment quality criteria 
(Di Toro et al., 2000; Di Toro and McGrath, 2000; USEPA, 2003; 2008). The oil toxicity model has been 
validated using laboratory oil bioassay data for both fresh and salt-water organisms (French-McCay, 2002) and 
for lobster mortality in the case of the North Cape spill (French-McCay, 2003). The underlying toxicity data used 
to develop the model is based on bioassays for freshwater and marine fish, invertebrate and algal species at a 
variety of life stages.  

The biological effects model has been validated using simulations of over 20 spill events where data are 
available for comparison (French and Rines, 1997; French-McCay, 2003; 2004; French-McCay and Rowe, 
2004). In most cases (French and Rines, 1997; French-McCay, 2004; French-McCay and Rowe, 2004), only 
the wildlife acute effects could not be verified because of limitations of the available observational data.  
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4 MODEL INPUT DATA 
Geographic, environmental, and operational data sources are required by each model to ascertain site specific 
trajectory, fate, and potential biological effects of discharged oil. Federal, state and local resources were 
identified for use in the modeling that capture the site-specific parameters and variability for the region over the 
modeled time period. 

4.1 OILMAPLand Model Inputs 
The trajectory and fate of hypothetical discharges from the onshore pipeline onto land and into surface 
waterbodies were characterized in two-dimensions using the OILMAPLand model, using pipeline location and 
operational data, characteristics of the discharged product, and geographic and environmental information 
summarizing hydrological conditions, land cover, temperature, and wind speed. These data sources and the 
preparation required are described in subsequent sections.  

 Pipeline Characteristics and Operational Parameters 
Information defining the size of the pipeline, flow characteristics, and location and timing of valves is needed to 
determine potential full-bore rupture outflow volumes and durations. The pipeline centerline and valve 
information were provided by BMOP to RPS as ESRI shapefiles (Figure 4-1). Valves are planned to be on 
platforms several meters above sea level or at ground surface, depending on location and presence of standing 
water. RPS was provided with the pipeline outside diameter and wall thickness (used to determine inside 
diameter) and flow rate in barrels per hour (bph) (Table 4-1). The leak detection and pump shutdown time was 
conservatively estimated to be 9 minutes or less. The time required to close valves was expected to be 3.9 
minutes, following pump shutdown.  There will be mainline valves (MLV’s) with emergency shut down 
capabilities at the pump station (MP 0), 6 along the new 42-inch pipeline, at Stations 501 and 701, and offshore 
on the two platforms (WC 148 and 509). 
 
Table 4-1. Operational parameters provided by ETP for use in the OILMAPLand modeling of the onshore pipeline. 

Pipeline Segment Nederland Terminal to 
Cameron (Station 501) 

Cameron (Station 501) 
to Shore (Station 701) 

Outside Diameter 
106.7 cm 

[42”] 
91.4 cm 

[36”] 

Wall Thickness  
1.5875 cm 
 [0.625”] 

1.1913 cm 
[0.469”] 

Flow Rate (bph) 80,000 80,000 

Pump Shutdown Timing (min) 9 9 

Valve Closure Timing (min) 3.9 3.9 
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Figure 4-1. Onshore pipeline centerline and main line valve (MLV) locations. 

 Pipeline Elevation 
The pipeline elevation is necessary to calculate the volume of oil that could be discharged from any point along 
the pipeline. A pipeline elevation profile from the Nederland Terminal to the receiver at Cameron (Station 501) 
was provided to RPS by BMOP (Figure 4-2). For Pipeline Segments 1 and 2 (see Figure 2-2 for section 
numbers), which extended from the tank farm to the eastern shore of Sabine Lake, the elevation profile was 
used as it was provided. However, this data needed to be supplemented with additional information, as it did 
not contain the same resolution of detailed elevation information throughout Pipeline Segment 3, as it did in 
Pipeline Segments 1 and 2. In addition, no elevation data was provided for the pipeline between the valve at 
Station 501 and the coast of the GOM (Station 701). 

At the time of data delivery, BMOP had not developed detailed elevation profiles of the pipeline for Pipeline 
Segment 3, extending from the eastern shore of Sabine Lake to the shore of the GOM. Therefore, RPS 
developed a pipeline profile based on publicly available elevation data. For this Pipeline Segment, land surface 
elevations along the pipeline centerline were taken from the USGS National Elevation Dataset (NED) Digital 
Elevation Model (DEM) data (3 m resolution) (USGS 2020a). The elevation data was adjusted by -1.5 m (-5 ft) 
to account for depth of cover for the pipeline. It was also smoothed with a 305 m (1,000 ft) moving average. 
The BMOP-provided elevation profile also contained 11 points in this section at or near three planned valve 
locations; these elevation points superseded the NED data over the short lengths around these valves and 
were added to the smoothed elevation profile from the DEM. One valve was present in the area between Station 
501 and Station 701. A rise of ~6 m (20 ft) was assumed for this valve, consistent with the other valves along 
the pipeline. 
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Figure 4-2. Pipeline elevation profile, including BMOP-provided profile, surface elevation, valve locations, and the final elevation profile used in the 
modeling.
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 Product Specification 
The chemical and physical characteristics of the hydrocarbon product transported in the pipeline impacts 
the potential trajectory and fate of the oil predicted by the OILMAPLand model. Fate processes, such as 
evaporation rates, the thickness of product adhering to different land surfaces, and the shoreline retention 
thickness can all vary by product. The pipeline is expected to transport a range of different crude oil products 
(see Figure 2-6 in Section 2.1.3). OILMAPLand assigns the rate of some fate processes based on the 
categorization of the oil as either “light”, “medium”, or “heavy” crude oils. Two products were selected to 
bound the range of products (i.e., heavy and light crude oils) that are likely to be exported, for use in the oil 
spill model simulations (Table 4-2). Bakken oil was selected for use in the OILMAPLand simulations as a 
representative light crude oil and the CLB as a representative heavy crude oil (diluted bitumen). This 
approach helped ensure that these two scenarios covered the range of potential fate outcomes for a pipeline 
that is anticipated to transport such a wide variety of crude products.   

 
Table 4-2. Oil product specification used in the OILMAPLand modeling. 

Property Bakken CLB 

Density (g/cm3) 0.799 0.918 
Density Category Light Heavy 

Viscosity (cP) 1.4 85.9 

 Elevation  
The OILMAPLand model uses land elevation data to determine the overland pathways of discharges 
occurring in the terrestrial environment. The elevation data are stored in a grid (raster) format and the model 
calculates the predicted down slope pathway by determining the direction of steepest slope as the leading 
edge of the discharge moves from grid cell to grid cell (Section 3.1.2).  

The ability of the model to accurately determine the overland pathways of oil is in large part controlled by 
the vertical and horizontal resolution of the elevation grid. The horizontal resolution refers to the size of the 
individual grid cells in the north-south and east-west directions over which the elevation data is applied. 
Greater horizontal resolution (i.e., finer grid scale or smaller grid cells) is necessary to capture smaller scale 
terrain features that may be present in the elevation. Features may include roads, ditches, and other smaller-
scale features that have the potential to impact the ultimate trajectory of a discharge. Each horizontal grid 
cell is assigned a single elevation value. Therefore, small-scale features would be flattened or smoothed in 
the larger grid cell, thereby having limited effects on the elevation and trajectory of the oil. The vertical 
resolution refers to the level of precision available for the elevation value within each grid cell. Sub-meter 
precision is critical for accurate modeling of flow over a land surface. Without the small sub-meter variations 
in the elevation surface, larger areas of no apparent elevation change would likely be present. Should meter 
scale elevation be the only dataset available, the surface flow model would have greater difficulty in 
determining an overland flow direction, as multiple cells would need to be crossed to find the downslope 
gradient. 

Elevation data for the study were obtained from United States Geological Survey (USGS) National Elevation 
Dataset (NED) (USGS 2020a). Elevation in the NED is available at many horizontal resolutions, though not 
all resolutions are available in all areas. The best resolution elevation data available for the regions 
surrounding the onshore pipeline was the 1/9-arc second data, which has an approximately 3-meter 
horizontal resolution, and a vertical resolution of less than 0.1 cm (Figure 4-3).  
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Figure 4-3. Elevation data used in the OILMAPLand modeling 

 Hydrological Network 
The OILMAPLand discharge model uses networked watercourse and lake data to model the pathways of 
oil once it reaches the surface water network. Streams and rivers must be represented as a polyline feature 
of the watercourse centerline, which has been digitized according to the flow direction. The watercourses 
must be networked in such a way that the model can determine where each single watercourse segment 
joins the next. This allows for the continuous downstream movement of oil as it is modeled. Lakes are 
represented as polygon features and connect to the watercourses that both feed and drain them. 

Surface water network data were derived from the USGS High Resolution National Hydrography Dataset 
(NHD) (USGS, 2019). The NHD provides geospatial vector data describing hydrographic features such as 
lakes, reservoirs, rivers, streams, and canals in the form of a linear drainage network that is used by the 
OILMAPLand model to transport spills downstream. The dataset is comprised of hydrologic data from 
federal, state, and local levels coordinated by the USGS. The NHD is a vector data product primarily 
designed to allow hydrographic network analysis. It is intended for water flow analysis, water and watershed 
management, and environmental and hydrographical applications. While the NHD is available to the public 
from the USGS National Map web site (www.nhd.usgs.gov), some processing and QA/QC steps are 
necessary to make the data usable by the OILMAPLand model. Example data for the area where the 
pipeline reaches the eastern shore of Sabine Lake is provided to illustrate the lake polygons, stream lines 
and appropriate direction for the high resolution NHD Figure 4-4. 
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Figure 4-4. High resolution NHD data, including lake polygons and stream lines with flow direction on the 
eastern shore of Sabine Lake.  

Shore type and stream width also impact the predicted results of the OILMAPLand simulation. Shore types 
are used to estimate the amount of oil adhering to the banks of rivers and streams (Section 3.1.3), while 
stream widths are used to define the stream surface area, which impacts the rate of evaporation (Section 
3.1.4). Data for these parameters were not available in the NHD, therefore a visual assessment of the 
streams using available aerial imagery was used to assess the wide range of both shore types and stream 
thicknesses throughout the area. A shore type of sand/gravel and a stream width of 1 meter were selected 
as conservative assumptions in the model to maximize the potential for downstream transport of oil. 

4.1.5.1 Stream Velocity 
Current velocities are used by the model to determine the speed of downstream transport. The high 
resolution NHD did not include stream flow and current velocity information so it was obtained from the 
United States Environmental Protection Agency’s (EPA) National Hydrography Plus (NHDPlus) dataset. 
NHDPlus combines the USGS’s medium resolution NHD, the 1/3 arc-second resolution NED, and National 
Watershed Boundary Dataset (WBD) to estimate stream flow and velocity for each stream segment (McKay 
2012). The NHDPlus dataset provides an estimated average stream velocity for each calendar month, for 
nearly every stream segment in the database. 

Velocities from the NHDPlus dataset were assigned to the stream features in the high resolution NHD by 
two different methods. Because the high resolution NHD and the lower resolution NHDPlus do not contain 
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the same stream features it was necessary to calculate a current speed for some streams in the high 
resolution NHD grouped at some geographic unit, in this case a drainage basin, for the remaining stream 
features. A method was developed to conservatively estimate a single stream current velocity for a drainage 
basin and apply that velocity to all stream segments within that basin. Where the stream features overlapped 
and were clearly identical between the datasets, the NHDPlus stream velocity for that individual stream 
segment was assigned to the high-resolution stream feature. 

The individual stream segment velocities were analyzed within the drainage basins surrounding the onshore 
pipeline. The basins were defined using the level 5 (10-digit hydrologic unit code) watershed boundaries 
contained in the WBD. Minimum, maximum, mean, and standard deviation of the current speeds were 
calculated for each month and for each watershed intersected by the pipeline. The month representing the 
maximum average stream velocity for the year was identified for each watershed and was either January or 
February, depending on the watershed (Figure 4-5). 

 

 
Figure 4-5. Month of maximum average stream velocity for watersheds intersected by the onshore pipeline. 
Watershed names are labeled in blue. 

 

The monthly mean velocity represents the average velocity of all the stream segments in the watershed. 
However, slower moving streams in the watershed can reduce the overall mean and result in slower current 
velocities for the faster streams in the watershed. Therefore, to minimize the amount of time and maximize 
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the amount of oil being transported downstream, a more conservative estimate of stream velocity within the 
watershed was used. The 95th percentile velocity was used and is only exceeded by 5% of the stream 
segments, assuming a normal distribution. The 95th percentile velocity was estimated by taking the monthly 
mean velocity and adding two standard deviations, which was determined individually for each of the 
watersheds. The 95th percentile velocity ranged from 0.20 to 0.97 m/s (Figure 4-6). The velocity for each 
watershed was applied to all the individual stream segments within that watershed and was used by the 
OILMAPLand model to calculate downstream transport speeds. 

 

 
Figure 4-6. The 95th percentile stream current velocity within watersheds intersected by the pipeline for the 
month with the maximum monthly flow rate.   

 

For stream segments that had the velocity directly applied from the NHDPlus, the velocities were used 
based on the February average (to correspond with the typical high flow month). Velocities for these 
segments ranged from 0.17 – 0.28 m/s, with an average velocity of 0.21 m/s. 

 Land Cover 
The OILMAPLand model uses land cover data to estimate the amount of oil that adheres to the land surface 
as oil moves downslope. The land cover data used was the National Land Cover Database (NLCD) 2016, 
created by the Multi-Resolution Land Characteristics Consortium (Homer et al., 2020). The NLCD 2016 is 
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based on a decision-tree classification of 2016 Landsat satellite data with 30-meter horizontal resolution 
and was transformed to the geographic coordinate system (North American Datum of 1983) used in the 
modeling.  

The land cover data were used in a gridded format, with each grid cell value representing the type of land 
cover at that location (Figure 4-7). The dataset required reclassification of land cover classes to assign them 
appropriate OILMAPLand values. Each land cover type was assigned a value defining the thickness of oil 
that could be retained (Table 4-3). For retention purposes, the Bakken was modeled using the OILMAPLand 
“light” crude oil category and the CLB modeling using the “heavy” category. 

 
Figure 4-7. Land cover data used in the OILMAPLand modeling for the region of the onshore pipeline. 
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Table 4-3. Retention values by land surface and crude oil type used in the overland modeling with 
OILMAPLand 

 Oil Retention 
Thickness (mm) 

 Oil Retention 
Thickness (mm) 

Land Cover Light Heavy Land Cover Light Heavy 
Bare Rock/Sand/Clay 0.7 4.5 Low Intensity Residential 1.7 11.4 
Deciduous Forest 2.0 13.4 Mixed Forest 2.0 13.4 
Emergent Herbaceous Wetlands 33.8 225.4 Pasture/Hay 0.6 3.8 
Evergreen Forest 2.0 13.4 Row Crops 0.6 3.8 
Grasslands/Herbaceous 0.6 3.8 Shrubland 0.6 3.8 
High Intensity Residential 0.6 3.8 Woody Wetlands 3.8 225.4 
Lake/Open Water Wetlands 0.1 1.0    

 

 Temperature and Wind Speed 
Meteorological data such as the air temperature and wind speed can affect the fate of a crude oil product 
discharge by influencing the rate of evaporation. Data for these conditions were obtained from the National 
Oceanic and Atmospheric Administration (NOAA) National Centers for Environmental Information (NCEI) 
Comparative Climatic Data for the United States through 2018 (NOAA, 2019d). The climate data consists 
of monthly averages for stations located across the Unites States. Monthly average temperature and wind 
speed data were acquired for the Port Arthur meteorological station as this was the closest station to the 
pipeline (Figure 4-8). The February average temperature and windspeed for this station were used as inputs 
to the model (Table 4-4), to correspond with the month of maximum streamflow velocity (Section 4.1.5.1). 
For the watersheds intersected by the pipelines, the month of maximum streamflow velocity was either 
January or February (Figure 4-5). February was selected, as the Tenmile Creek-Neches River Watershed 
and the Old River Bayou Watershed contain the most significant flowing waterbodies for this OILMAPLand 
modeling.  

 
Table 4-4. Temperature and wind speed values used in the OILMAPLand modeling. 

Property February Average 

Temperature 55.9 °F (13.3 °C) 
Wind Speed 10.1 mph (4.5 m/s) 
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Figure 4-8. Location of the NOAA NCEI station used to assess the meteorological conditions in the region of 
the onshore pipeline. 

 

4.2 SIMAP Model Input Data 
Numerous geographic and environmental data sources are required by the SIMAP model to ascertain site 
specific trajectory, fate, and potential biological effects of discharged oil. Federal, state and local resources 
were identified for use in the modeling that capture the site-specific parameters and variability for the region 
over the modeled time period (2005-2010).   

 Winds and Wind Drift 
Winds are one of the main physical forcings driving the transport of oil on the water surface.  Discharged oil 
discharged has the potential to be transported great distances by wind transport over long periods of time. 
To effectively model this phenomenon, wind velocity component data (speed and direction) must 
encompass a large geographic area in order to capture the spatial extent and any spatial variability in 
potential transport that may occur. The SIMAP model uses spatially-varying and time-varying wind speeds 
and directions over the area for the period over which each discharge was simulated. A multi-year dataset 
of wind velocity components was used to capture the variability that occurs over the model domain for the 
multiple years that were modeled (2005-2010). Simulated oil discharge trajectories using these long-term 
wind datasets are representative of possible wind conditions at each hypothetical discharge location.  
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Surface floating oil is transported according to the currents plus a percentage of wind speed. Wind drift was 
assumed 3.5% of wind speed in the downwind direction (ASCE, 1996). The wind data used as a forcing in 
the SIMAP oil spill modeling was NOAA’s National Center for Environmental Prediction (NCEP) provides 
the North American Regional Reanalysis (NARR) winds dataset (NOAA, 2014), the same meteorological 
model that was used to force the hydrodynamic model. NARR winds are a high-resolution regional 
reanalysis covering North America. NARR is output on an approximately 0.3° (32 km) horizontal grid and 
archived for an area extending from approximately 1° N to 46.5° N and 145° W to 148° E. NARR is available 
from 1979 to the present, with data output every 3 hours.  

Annual wind direction in the region is predominately south-southeasterly for the modeled 2005-2010 
timeframe (Figure 4-9 and Figure 4-10). While average wind speeds and directions are similar throughout 
the year, there is slightly more variability during winter months (Figure 4-11 and Figure 4-12). Average, 5th 
percentile, and 95th percentile monthly wind speeds are relatively weak (<5 m/s inshore and <7.5 m/s 
offshore) at both sites with minimum speeds from May through September (Figure 4-13). All wind roses 
display wind data in meteorological convention, i.e., indicating the direction wind is coming from. 

 

 
Figure 4-9. Spatial distribution of annual wind speed (m/s) and direction in the GOM. The yellow marker 
indicates the Sabine Lake (MP 19.5) discharge site and the white marker indicates the offshore WC 509 
discharge site. Wind speeds are presented using meteorological convention (i.e., direction wind is coming 
from). 
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Figure 4-10. Annual wind rose near the Sabine Lake (MP 19.5) discharge location (top) and the DWP Platforms 
(WC 433 and 509) (bottom). Wind speeds (m/s) are presented using meteorological convention (i.e., direction 
wind is coming from). 
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Figure 4-11. Monthly wind roses near MP 19.5 in Sabine Lake. Wind speeds (m/s) are presented using 
meteorological convention (i.e., direction wind is coming from). 
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Figure 4-12. Monthly wind roses near the DWP Platforms (WC 433 and 509). Wind speeds (m/s) are presented 
using meteorological convention (i.e., direction wind is coming from). 
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Figure 4-13. Average, 5th, and 95th percentile monthly wind speeds near the Sabine Lake (MP 19.5) location 
(top) and the DWP Platforms (WC 433 and 509) (bottom). 
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 Hydrodynamic Data 

4.2.2.1 Inshore Modeling 
In addition to winds, the second main forcing factor on oil drift is currents. Thus, the first RPS modeling task 
was the development, validation, and application of a hydrodynamic model application for Sabine Lake and 
surrounding areas. The modeling was performed using the RPS in-house modeling system WQMAP. The 
WQMAP model system contains the BFHYDRO hydrodynamic model (Muin and Spaulding, 1997), which 
was used to simulate the tidal and river forcing in order to predict the associated spatially and temporally 
varying currents. These currents were used as inputs to the SIMAP oil dispersion model.  

The WQMAP system (Mendelsohn et al., 1995) contains multiple models and an interface for handling input 
and output. The computational engine is a family of general curvilinear coordinate system computer models 
including a boundary conforming gridding model (BFGRID), a hydrodynamic model (BFHYDRO), a single 
constituent mass transport model (BFMASS) and an eight-state variable water quality, eutrophication model 
(BFWASP). The output from BFHYDRO is seamlessly integrated as inputs into RPS transport models, 
including SIMAP. 

4.2.2.1.1 BFHYDRO Model Description 

The BFHYDRO model is a general curvilinear-coordinate, boundary-fitted hydrodynamic model (Muin and 
Spaulding, 1997; Mendelsohn et al., 1995; Huang and Spaulding, 1995; Swanson et al., 1989) that can be 
used to generate tidal or river elevations, velocities, and salinity and temperature distributions. The model 
utilizes a boundary-fitting technique, which matches the grid coordinates with shoreline and bathymetric 
feature boundaries for highly accurate representations of areas with complex coastal or riverine geometries, 
such as Sabine Lake. This system also allows the modeling team to adjust the model grid resolution as 
desired (in this case, to a high resolution near sinuous portions of the channel) and introduce lower mesh 
resolution (larger cells) at locations several miles from the proposed route for computational efficiency. 
BFHYDRO may be applied in either two or three dimensions depending on the nature of the problem and 
the complexity of the study. A detailed description of the model with associated test cases is described in 
Muin and Spaulding (1997), and Muin (1993). The model has undergone extensive testing against analytical 
solutions and has been found to perform accurately and quickly. Specific model comparisons are found in 
Swanson et al. (2012), Mendelsohn et al. (2003), Muin and Spaulding (1997), Mendelsohn et al. (1995) and 
Huang and Spaulding, (1995). A brief description of the model follows.  

4.2.2.1.1.1 Model Theory 

The boundary-fitted method uses a set of coupled, quasi-linear, elliptic transformation equations to map an 
arbitrary horizontal multi-connected region from physical space to a rectangular mesh structure in the 
transformed horizontal plane (Spaulding, 1984). The three-dimensional conservation of mass and 
momentum equations, with approximations suitable for lakes, rivers, estuaries, and coastal oceans 
(Swanson, 1986; Muin, 1993) that form the basis of the model, are then solved in this transformed space. 
A sigma-coordinate stretching system (Figure 4-14) is used in the vertical to map the free surface and 
bottom onto coordinate surfaces to resolve bathymetric variations. The vertical mesh stretches and shrinks 
with the changing tidal elevation or river stage, maintaining a constant number of layers, so that no 
interpolation is required to simulate the surface slope or the bathymetry. The velocities are represented in 
their contra-variant form, on an Arakawa-C grid. 
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Figure 4-14. Schematic of the BFHYDRO vertical sigma-coordinate system. 

 

The basic equations are written in spherical coordinates to allow for accurate representation of large 
modeled areas without distortion. The conservation equations for water mass, momentum (in three 
dimensions) and constituent mass (temperature [heat] and salinity) form the basis of the model and are well 
established. It is assumed that the discharge is incompressible, that the fluid is in hydrostatic balance, the 
horizontal friction is not significant and the Boussinesq approximation applies; all customary assumptions.  

The boundary conditions are as follows: 

• At land, the normal component of velocity is zero. 

• At open boundaries, the free surface elevation must be specified, and temperature (and salinity for 
estuarine and coastal applications) specified on in discharge. 

• On outflow, temperature (heat and salinity) is advected out of the model domain. 

• At river boundaries, the volume flux must be specified, with positive discharge into the model 
domain, and temperature (and occasionally salinity) must be specified. 

• A bottom stress or a no slip condition can be applied at the bottom. No temperature (heat) is 
assumed to transfer to or from the bottom, a conservative assumption as some transfer of heat to 
the bottom is expected to occur. 

• A wind stress, and appropriate heat transfer terms, are applied at the water surface. The surface 
heat balance includes all the primary heat transfer mechanisms for environmental interaction. 

There are various options for specification of vertical eddy viscosity (for momentum) and vertical eddy 
diffusivity (for constituent mass such as temperature and salinity). The simplest formulation is that both are 
constant throughout the water column. They can also be functions of the local Richardson number, which, 
in turn, is a function of the vertical density gradient and vertical gradient of horizontal velocity. A 1-equation 
or 2-equation turbulence closure model may also be used.  
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The set of governing equations with dependent and independent variables transformed from spherical to 
curvilinear coordinates, in concert with the boundary conditions, is solved by a semi-implicit, split mode finite 
difference procedure (Swanson, 1986). The equations of motion are vertically integrated and, through 
simple algebraic manipulation, are recast in terms of a single Helmholtz equation in surface elevation. This 
equation is solved using a sparse matrix solution technique to predict the spatial distribution of surface 
elevation for each grid. 

The vertically averaged velocity is then determined explicitly using the momentum equation. This step 
constitutes the external or vertically averaged mode. Vertical deviations of the velocity field from this 
vertically averaged value are then calculated, using a tridiagonal matrix technique. The deviations are added 
to the vertically averaged values to obtain the vertical profile of velocity at each grid cell thereby generating 
the complete current patterns. This constitutes the internal mode. The methodology allows time steps based 
on the advective, rather than the gravity, wave speed as in conventional explicit finite difference methods, 
and therefore results in a computationally efficient solution procedure (Swanson, 1986; Muin, 1993). 

4.2.2.1.2 BFHYDRO Application to Sabine Lake 

A current dataset was developed within the domain to be used as an input to the SIMAP model application. 
The SIMAP model application was used to assess the fate and transport of discharged hydrocarbons within 
Sabine Lake. The hydrodynamic grid extended into the Sabine and Neches Rivers, as well as the 
Intracoastal Waterway.  

Development of the hydrodynamic dataset included gathering and analysis of relevant environmental data 
in the study area to be used for both development of model inputs and for use in comparing model 
predictions to observations, setting up the model application and model simulations. Model simulations 
included a scenario of model verification simulations and simulations of scenarios to be used in the oil fate 
and transport simulations. Details are provided in the following sections. 

4.2.2.1.3 Environmental Data Used in Hydrodynamic Modeling 

Environmental data was gathered for model inputs and for use in model verification. Data gathered included 
shoreline and bathymetry, river flows, wind data, water elevation (tides) and water currents. Data from 
numerous NOAA gauge stations and the USGS NHDPlus dataset were used to bound the hydrodynamic 
modeling (Figure 4-15). Model inputs include shoreline and bathymetry, river flows, winds and tidal 
characterization at the open boundaries. River flows were also used to assess the variability throughout the 
year and identify representative months of low, average, and high flow. Water elevation and current 
observations were used to verify the model performance. 
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Figure 4-15. NOAA gauge stations and USGS NHDPlus datasets for the Neches River and Sabine River 
segments used in the hydrodynamic modeling. 

4.2.2.1.3.1 Shoreline and Bathymetry 

The digital shoreline was developed using the most current NOAA Environmental Sensitivity Index (ESI) 
hydrography data layers for applicable states (NOAA, 2012). Because the surrounding marsh area is not 
the focus of the oil fate and transport modeling and is assumed to not be the dominant influence for Sabine 
Lake circulation, the shoreline delineation does not include these areas. 

The main source of bathymetry data was the 1/9 arc-second Continuously Updated Digital Elevation Model 
(CUDEM) published by NOAA’s National Centers for Environmental Information (NCEI) (CUDEM 2014). 
Additional bathymetric data from hydrographic surveys of the main shipping channels carried out by the US 
Army Corps of Engineers (USACE) (USACE, 2020) were combined with the CUDEM grid to form one 
cohesive bathymetry grid. 

4.2.2.1.3.2 River Flow Data 

River flow data for the Neches and Sabine Rivers were obtained from the United States Environmental 
Protection Agency’s (EPA) National Hydrography Plus (NHDPlus) dataset. NHDPlus combines the USGS’s 
medium resolution NHD, the 1/3 arc-second resolution NED, and National Watershed Boundary Dataset 
(WBD) in order to estimate stream flow and velocity for every stream segment (McKay 2012) and was used 
to define the river boundary conditions. The NHDPlus dataset provides an estimated average stream 
velocity for each calendar month, for nearly every stream segment in the database.  

Monthly average river flows from the NHDPlus dataset for the Neches and Sabine Rivers follow similar 
trends, with peak flow around February and March, and lowest flow around September and October (Figure 
4-16 and Figure 4-17). June was used as river boundary conditions during the verification process as it 
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aligned best with detail the NHDPlus monthly average flows for the Neches and Sabine Rivers, respectively. 
Table 4-5 presents the yearly average.  

Based on analysis of the monthly average flows for each river, in addition to the monthly sums of the two 
river flows these flows, it was determined that October, June, and March represented low, average, and 
high flow conditions (Table 4-5). 

 

 
Figure 4-16. NHDPlus monthly average flows for the Neches River. The yearly average is shown in green. 

 

 
Figure 4-17. NHDPlus monthly average flows for the Sabine River. The yearly average is shown in green. 
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Table 4-5. NHDPlus flow data (m3/s) for the Neches and Sabine Rivers high, average, and low flow months are 
highlighted in grey. 

Month 
(flow condition) Neches River  Sabine River  Sum  

January 379 412 791 

February 412 439 851 

March (high) 436 425 862 

April 356 347 703 

May 321 304 625 

June (average) 269 243 512 

July 197 200 396 

August 124 139 263 

September 112 126 238 

October (low) 120 82 202 

November 138 132 270 

December 272 282 554 

4.2.2.1.3.3 Tidal Data 

Tidal data was used for both model forcing and for model verification. Tidal harmonic constituents were 
collected from NOAA’s Tides and Currents dataset (NOAA, 2020) for Texas Point, Sabine Pass and High 
Island gauges (Figure 4-15). The NOAA tidal datasets included amplitude, phase, and speed for each 
harmonic constituent at 6-minute intervals (Table 4-6). Seven constituents were used to define open tidal 
boundary conditions at Sabine Pass and the Intracoastal Waterway for model runs and verification (M2, N2, 
S2, O1, K1, M4, M6). Texas Point, Sabine Pass and High Island gauges were used for comparison to model 
predictions.  

 
Table 4-6. NOAA gauge data collected and used during the modeling process. 

 8770475 
Port Arthur 

8770520 
Rainbow 
Bridge 

8770570 
Sabine Pass 

8770822 
Texas Point, 
Sabine Pass 

8770808 
High Island 

sn0301 
Sabine Front 

Range 

sn0501 
Rainbow 
Bridge 

sn0701 
Port 

Arthur 
Data 
Type 

Water 
Level Wind Water Level Water Level Tides Wind Tides Currents Currents Currents 

Interval 
(min) 6 6  6  6  N/A 6  N/A 6  6  6  

 

4.2.2.1.3.4 Sabine Front Range, Rainbow Bridge, and Port Arthur Current Inputs 

Current data were collected from NOAA’s Tides and Currents dataset (NOAA, 2020) for Sabine Front 
Range, Rainbow Bridge, and Port Arthur gauges for available months spanning 2019 to the present. The 
datasets included speed and direction and were used to validate the hydrodynamic model by comparing 
gauge data to modeled currents at corresponding time series collection data points. 
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4.2.2.1.3.5 Texas Point, Sabine Pass Wind Inputs 

Wind data were collected from NOAA’s Tides and Currents dataset (NOAA, 2020) for the Texas Point, 
Sabine Pass gauge for available months spanning 2019 to the present. The dataset spanned 14 months, 
included speed and direction, and was used as model input for the hydrodynamic simulation used for model 
verification. 

4.2.2.1.4 BFHYDRO Hydrodynamic Set Up 

A hydrodynamic model application of the study area was developed. The model inputs included the model 
grid and boundary conditions.   

4.2.2.1.4.1 Sabine Lake Grid 

The hydrodynamic model grid extended from Sabine Pass on the southern end, west approximately 48 km 
through the Intracoastal Waterway, approximately 30 km northwest up the Neches River, and approximately 
10.5 km northeast up the Sabine River (Figure 4-18). Different size grid cells were used to characterize the 
hydrodynamics throughout the model domain, as higher resolution grid cells were required to capture 
smaller scale differences in the speed and direction of currents in portions of the lake, waterways, and rivers 
that were more variable (e.g., river bends and narrow sections). Grid cell resolution varied from 
approximately 56 m x 93 m (184 ft x 305 ft) up to approximately 815 m x 926 m (2,673 ft x 3,037 ft) within 
the study area. Higher resolution gridding, with smaller grid cells, was used in areas where the rivers 
meandered and/or were narrower and where the lake shoreline had peninsulas and coves. The high-
resolution gridding ensured that there were always multiple grid cells spanning the water channel, allowing 
for variable flow (i.e., higher river flow in the center of the channel or near the outer bank). Lower resolution, 
larger grid cells were used in Sabine Lake and regions where the rivers and waterways were fairly straight 
and/or wider. The previously described bathymetry was applied to this grid, and each cell was assigned a 
depth value (Section 4.2.2.1.3.1). During model verification, depths were adjusted slightly to improve 
predictions. In general, Sabine Lake is relatively shallow (<2 m) with deeper (10-15 m) sections present in 
the shipping channel, Neches River, and other navigable portions (Figure 4-19). 
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Figure 4-18. BFHYDRO hydrodynamic grid for the Sabine Lake model domain with time series collection data 
points. Callout boxes (left) have been provided at a different zoom for the Rainbow Bridge (purple), Port 
Arthur (blue), and Sabine Pass (green).  
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Figure 4-19. Depth values assigned to each grid cell within the inshore model domain. 

4.2.2.1.4.2 Model Boundary Conditions 

The hydrodynamic model grid was forced with tides, river flows, and wind. The tidal forcing was applied as 
harmonic constituents at the open boundaries. The location of tidal boundaries (Figure 4-18) and 
corresponding harmonic constituents (Table 4-7) used as boundary conditions are provided. 

 
Table 4-7. Tidal harmonic constituents for Texas Point, Sabine Pass and High Island NOAA gauges. 

 8770822 Texas Point, Sabine Pass 8770808 High Island 
Harmonic Constituent Amplitude (m) Phase (deg) Amplitude (m) Phase (deg) 

M2 0.133 266.4 0.064 33.8 
N2 0.033 246.7 0.017 8.7 
S2 0.038 270.4 0.019 36.1 
O1 0.129 28.3 0.12 90.7 
K1 0.143 35.0 0.126 98.3 
M4 0.005 326.6 0.006 17.5 
M6 0.001 300.2 0.001 293.5 
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The river flow model forcing was applied at the river open boundaries (Figure 4-18). The model verification 
run reflected the average June flow and the model scenarios for low, average, and high reflected the 
October, June, and March flow rates (Table 4-5).   

Wind forcing (speed and direction) was applied to all water surface cells in the model verification scenario 
based on the observations described in Section 4.2.2.1.3.5. However, these same winds were not applied 
in the scenario simulations since these were developed specifically for the oil fate and transport modeling 
which incorporated wind driven transport. 

4.2.2.1.5 BFHYDRO Hydrodynamic Model Results 

The hydrodynamic modeling was performed to generate results for two different purposes; (1) model 
verification and (2) scenarios for use in oil fate and transport modeling.   

4.2.2.1.5.1 BFHYDRO Model Verification Simulation Results 

The model application was setup and run with available observations (water level and current speed) for 
the month of June 2019 in order to verify model performance. To verify the model, WQMAP-predicted water 
levels and currents were compared to observed values, where available. Comparison of water levels were 
made at Sabine Pass (Figure 4-20) and Port Arthur (Figure 4-21) based upon NOAA gauge data for the 
period of June 2019. For both locations, the WQMAP predictions matched the NOAA observations well. 
However, the WQMAP predicted tidal range at Port Arthur was slightly greater than NOAA gauge data. Even 
with this slight discrepancy, the WQMAP results capture the physical influences correctly, including the 
diurnal tides expected in the area. 

WQMAP-predicted current velocities were compared to currents at Sabine Pass and Rainbow Bridge NOAA 
gauges for the period of June 2019 (Figure 4-22 and Figure 4-23). While there are greater peaks in the 
WQMAP-predicted values at both locations, the general trend and overall magnitude of the currents indicate 
the model is capturing the physical influences correctly. As expected, highest velocities were predicted at 
the entrance of the lake (Sabine Pass), with decreased velocities within the lake. River flows from the 
Neches and Sabine Rivers and currents within Sabine Lake tend to influence each other and are impacted 
by local winds and diurnal reversing flows. 

   

 
Figure 4-20. Sabine Pass WQMAP-predicted water levels compared with NOAA gauge water level data for 
June 2019. 
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Figure 4-21. Port Arthur WQMAP-predicted water levels compared with NOAA gauge water level data for June 
2019. 

 

 
Figure 4-22. Sabine Pass WQMAP-predicted current speeds compared with NOAA gauge current data for 
June 2019. 

 

 
Figure 4-23. Rainbow Bridge WQMAP-predicted current speeds compared with NOAA gauge current data for 
June 2019. 
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4.2.2.1.5.2 BFHYDRO Model Scenario Simulation Results 

Following the hydrodynamic model verification, a hydrodynamic dataset was developed for use as an input 
to the SIMAP oil fate and transport model. The dataset captured each tidal harmonic constituent of the tides 
and the high, average, and low river flow periods. These currents were then packaged together to enable 
selection of river flow condition in conjunction with harmonic constituent(s) of interest. Conditions for these 
model runs were similar to those of the model verification. Subsets of the current vector field for the high 
river flow conditions during flood and ebb tides are presented in Figure 4-24 and Figure 4-25, respectively, 
along with the two hypothetical discharge locations that were modeled. Currents at both spill sites were 
generally weak with peak ebb and flood speeds less than 0.10 m/s.   

 

 
Figure 4-24. Model predicted current vectors in a subsection of the Sabine Lake study area under the high 
river flow conditions during flood tide. White markers indicate hypothetical discharge locations that were 
modeled. 
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Figure 4-25. Model predicted current vectors in a subsection of the Sabine Lake study area under the high 
river flow conditions during ebb tide. White markers indicate hypothetical discharge locations that were 
modeled. 

 

4.2.2.2 Offshore Modeling 
The Hybrid Coordinate Ocean Model (HYCOM) model was used to generate 3D hydrodynamic flow fields 
in the GOM. Details of the model hindcast can be found in Chassignet and Srinivasan, 2015. The HYCOM 
model application to the GOM was based on the 1/25° Gulf of Mexico-HYCOM system operated by the US 
Navy. Surface forcing obtained from the North American Regional Reanalysis (NARR) atmospheric model 
(Mesinger et al., 2006) included 10-meter wind speed, 2-meter air temperature, 2- meter water vapor mixing 
ratio, precipitation, and solar radiation. NARR radiation values were corrected using Advanced Very High-
Resolution Radiometer (AVHRR) estimates of surface temperature. The NARR wind speed was corrected 
using a regression to QuikSCAT wind speeds. Monthly climatological river flow data from the USGS 
(http://waterdata.usgs.gov/nwis/sw/) and the RIVDIS database (http://www.RivDis.sr.unh.edu) were used to 
specify freshwater discharge. The hydrodynamic hindcast simulation used bi-weekly climatological lateral 
open boundary conditions derived from a North Atlantic climatological run of the HYCOM model. Initial 
conditions for the hindcast were derived by interpolating the 1/12° global HYCOM reanalysis 
(www.hycom.org/dataserver/) to the 1/25° GOM model domain. 

Multiple observations were used for data assimilation to the hindcast including remotely sensed satellite 
Sea Surface Temperature (SST) and Sea Level Anomalies (SLA), in-situ temperature and salinity profiles 
obtained from ship surveys, moorings, profiling floats, and gliders. A statistical interpolation methodology 
called the Tendral–Statistical Interpolation System (T-SIS) was used (see Halliwell et al., 2014 for details) 
for data assimilation. 

Comparisons were made between observation data and HYCOM model predictions, as described by 
Chassignet and Srinivasan (2015). Qualitative comparisons were made between observations of sea 
surface height measured by altimeter and that predicted by the HYCOM hindcast that serve to validate the 
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effectiveness of the data assimilation process but are not validation of the model’s predictive capability. A 
quantitative comparison with surface drifter tracks, which were not assimilated, was completed. The root-
mean-square errors between the drifter velocities and model predicted velocities were usually smaller than 
the standard deviation of the drifter velocities. The correlation coefficients between the measured and 
predicted velocities were generally about 0.6. The comparison with drifter track data considered current 
speed, not current direction. 

HYCOM model output was obtained in April 2015 from Dr. Eric Chassignet of the Center for Ocean-
Atmospheric Prediction Studies (COAPS) at Florida State University. COAPS was contracted by BOEM 
(MC12AC00019) to produce a validated hydrodynamic model hindcast of the GOM covering the period 2003 
through 2012 at 3-hour intervals (Chassignet and Srinivasan, 2015). 

Summary figures of the average surface current speeds have been provided to highlight the extent of the 
HYCOM hindcast domain (Figure 4-26), the region around the DWP platforms (Figure 4-27), and general 
hydrographic features. The Loop Current, a warm ocean current that flows northward between Cuba and 
the Yucatán Peninsula, moves north into the GOM, loops east and south before exiting to the east through 
the Florida Straits, is portrayed in the southern central and eastern GOM, as well as the Gulf Stream. Of 
note, currents were used at the native 3-hourly time interval (and interpolated between datasets at sub-3-
hourly timescales) in the oil spill modeling.  

 

 
Figure 4-26. HYCOM hydrodynamic model domain extent and average surface current speeds (cm/s) in the 
GOM from 2005 – 2010. The black cross represents the region of the offshore DWP platforms.   



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 72 

 

Figure 4-27. Averaged HYCOM surface current speeds (cm/s) in color and arrow size, with direction presented 
as red vectors. The black cross represents the region of the offshore DWP platforms.  

 

4.2.2.2.1 HYDROMAP Tidal Model Description 

A hydrodynamic model application of the study area was developed for the purposes of generating spatially- 
and temporally-varying tidal current fields for use in modeling the oil spill. The tidal influence is primarily 
seen in the shallower nearshore regions. 

HYDROMAP, a hydrodynamic model developed by RPS, was used to reproduce the local circulation due 
to tides for this study. HYDROMAP is a globally re-locatable hydrodynamic model (Isaji, et al., 2001a, 2001b) 
capable of simulating complex circulation patterns due to tidal forcing, wind stress, and freshwater flows. 
HYDROMAP employs a novel step-wise-continuous-variable-rectangular gridding strategy with up to six 
levels of resolution. The term “step-wise continuous” implies that the boundaries between successively 
smaller and larger grids are managed in a consistent integer step. HYDROMAP has been applied in 
numerous sediment dispersion and transport studies in the U.S. and worldwide. 

HYDROMAP can be used to make constant cyclical or time varying current fields. The constant and cyclical 
current fields are generated for each component of the circulation separately, whereas the time varying 
current fields represent the integration of all components simultaneously for a specific timeframe. Once 
generated, the HYDROMAP model predicted tidal currents were then combined with the HYCOM circulation 
to present a complete hydrodynamic dataset for the area. 

The tidal component of the currents for the GOM was generated utilizing superposition of each of the 
individual contributions from the various frequencies of astronomical forcing (constituents) that contribute to 
tidal variations. For this study, seven astronomical constituents were considered. These seven constituents 
(M2, N2, S2, K2, K1, O1, and P1) account for the majority of tidal energy in the region and are sufficient to 
reproduce the main tidal circulation patterns. Near the DWP Platforms (WC 433 and 509), tidal currents are 
moderate with variable magnitude throughout the day (Figure 4-28). The tidal constituents result in variable 
current speeds due to the timing of individual constituents. Snapshots of typical ebb (Figure 4-29) and flood 
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(Figure 4-30) circulation patterns of the constituents surrounding DWP Platform locations (WC 433 and WC 
509) show the tides flowing towards and away from shore. 

 

 
Figure 4-28. Example HYDROMAP timeseries of U and V components of tidal current near the DWP Platforms 
(WC 433 and 509). 

 

 
Figure 4-29. Example ebb tide current pattern near the DWP Platforms (black markers). 

 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 74 

 

Figure 4-30. Example flood tide current pattern near the DWP Platforms (black markers). 

 

4.2.2.2.2 HYCOM + HYDROMAP Model Results 

To capture the complex nature of the regional and coastal circulation for the area of study, the HYCOM 
dataset was augmented by adding the HYDROMAP tidal hydrodynamics dataset at a temporal resolution 
of 30 minutes. The average annual current rose (Figure 4-31) and monthly current roses (Figure 4-32) 
describe the variability of current speed and direction near the DWP Platforms (WC 433 and 509) based on 
the combined hydrodynamic datasets. Average, 5th, and 95th percentile monthly current speeds are 
generally weak to moderate in speed and flow towards the north/north-northwest and south, with little 
monthly or seasonal variation in current speed or direction (Figure 4-32 and Figure 4-33). 

  

 
Figure 4-31. Annual current rose near the DWP Platforms (WC 433 and 509). HYCOM+HYDROMAP current 
speeds (cm/s) are presented using oceanographic convention (i.e., direction current is going to). 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 75 

 

Figure 4-32. Monthly current roses near the DWP Platforms (WC 433 and 509). HYCOM+HYDROMAP current 
speeds (cm/s) are presented using oceanographic convention (i.e., direction current is going to). 
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Figure 4-33. Average, 5th, and 95th percentile monthly HYCOM+HYDROMAP current speeds near the DWP 
Platforms (WC 433 and 509). 

 

 Water Temperature and Salinity 
Temperature and salinity values over the domain and throughout the water column are used by the oil spill 
model for a number of oil transport and fate calculations. 

4.2.3.1 Sabine Lake and Neches River 
Water temperature in Sabine Lake and the Neches River varies throughout the year (Table 4-8). Average 
water temperatures for the study area were extracted from a Texas Water Development Board station 
located in Upper Sabine Lake (Station Code SAB1) (USGS, 2016b). The air immediately above the water 
was assumed to have the same temperature as the water surface, which is the best estimate of the air 
temperature in contact with floating oil, which impacts the rate of evaporation. 
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Table 4-8. Average water temperature and salinity in Upper Sabine Lake for each month. 

Month Temperature (˚F) Temperature (˚C) Salinity (psu) 

January 63 17.2 11.1 
February 64 17.8 10.1 

March 70 21.1 3.5 
April 79 26.1 3.5 
May 86 30.0 9.7 
June 88 31.1 13.9 
July 88 311 14.0 

August 82 27.8 15.9 
September 77 25.0 10.7 

October 64 17.8 2.3 
November 54 12.2 3.6 
December 50 10.0 2.9 

4.2.3.2 Offshore GOM 
Temperature and salinity for the offshore GOM were obtained from the World Ocean Atlas 2013 (WOA13) 
high-resolution dataset, Version 2 (Levitus et al., 2014). The WOA13 dataset is compiled and maintained 
by the United States National Oceanographic Data Center (NOAA, 2013). The WOA13 dataset is compiled 
and maintained by the United States National Oceanographic Data Center (www.nodc.noaa.gov).) (NOAA, 
2013). The WOA originated from the Climatological Atlas of the World Ocean (Levitus, 1982) and was 
updated with new data records in 1994, 1998, 2001 (Conkright et al., 2002 and 2013). These data records 
consist of observations obtained from various global data management projects and include temperature 
and salinity values for 137 standardized vertical levels from the sea surface to 9,000 meters over the entire 
globe. The data are processed into 57 depth bins from the sea surface to the seabed at 1,500 meters. 
Source data observations at depths greater than 1,500 meters are not sufficient to generate global output 
products. After a quality control process, the data are averaged yearly, seasonally, and monthly and 
interpolated to fit a global grid with a ¼° horizontal resolution. Temperature and salinity fields in the WOA13 
are an average of all decades from the period 1955-2012 (NOAA, 2013). The dataset was downloaded from 
the NOAA National Oceanographic Data Center in November 2014 (NOAA, 2014). 

In the Project Area, the annual seawater temperature sharply decreases as the depth increases (starting at 
approximately 15 m), reaching the lowest value of roughly 22.0 °C at 40 m at the seabed (Figure 4-34). For 
this same profile, the annual seawater salinity and annual seawater density (shown as sigma-T) increase 
with depth to roughly 36 psu and 25 kg/m3 at the seabed (Figure 4-34). Monthly seawater temperature, 
salinity, and density were used in the modeling (Figure 4-35). 
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Figure 4-34. Profiles of annual water column temperature (left) and salinity (middle) from WOA13, and the 
corresponding calculated density (right) represented as sigma-T in the vicinity of the DWP Platforms (WC 433 
and 509). The density profile was generated based on the temperature and salinity data using equations of 
state as published by UNESCO, 1981 (EOS – 80).  

 
Figure 4-35. Profiles of monthly water column temperature (left) and salinity (middle) from WOA13, and the 
corresponding calculated density (right) represented as sigma-T in the vicinity of the DWP Platforms (WC 433 
and 509). The density profile was generated based on the temperature and salinity data using equations of 
state as published by UNESCO, 1981 (EOS – 80).  
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 Suspended Particulate Material 
For purposes of the oil spill model simulations, suspended particulate matter (SPM) concentrations were 
defined in a grid covering the shelf and offshore areas of the GOM (Figure 4-36). Suspended particulate 
matter concentrations were defined for three regions over the GOM: one for the area of the Mississippi River 
discharge; one for the nearshore shelf outside the area of influence of river discharge; and the remainder 
offshore locations. Suspended particulate matter distributions used in the oil spill modeling were not derived 
from any single data source or study and are intended as a generalized distribution representative of 
concentrations during the course of the year (Galagan et al., 2018). The concentration values defined for 
use in the oil spill simulations were intended to represent concentrations observed during storm frontal 
passage, which would maximize SPM concentrations in the water column and increase the potential for 
fractions of the oil and enhance oil sedimentation processes (Table 4-9). This generalized approach is 
sufficient to result in a reasonable estimate of the fraction of oil that may interact with suspended particulate 
matter in quantities that result in sedimentation. The oil spill model uses the concentration values specified 
within each of these areas and assumes a constant value vertically through the water column that is constant 
over time. These concentrations are higher than those that would be encountered during fair weather and 
are considered to be conservative in terms of calculating SPM-oil interactions. Due to the lack of data 
defining concentrations of phytoplankton and other organic particulates in the GOM, the suspended 
particulate matter was assumed to come from terrigenous sediment sources and was defined using 
appropriate physical properties.  
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Figure 4-36. Map of the suspended particulate matter concentrations used for the modeling performed for the 
oil spill risk assessment. 

 
Table 4-9. Suspended sediment concentrations used in the oil spill model for areas of the GOM 

Region 
Suspended 

Particulate Matter 
(mg/L) 

Sediment Type 

Neches River/ Sabine Lake 10 
45% fine sand 

45% medium sand 
10% silt 

Mississippi River Discharge 50 
45% fine sand 

45% medium sand 
10% silt 

Shelf – 0 to 10 meters depth 10 
45% fine sand 

45% medium sand 
10% silt 

Shelf – 10 to 20 meters depth 5 
45% fine sand 

45% medium sand 
10% silt 

Offshore (>20 meters depth) 3 100% silt 
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 Horizontal and Vertical Dispersion 
Horizontal and vertical dispersion were used to model the randomized mixing at length scales that were 
smaller than those used in the hydrodynamic dataset. Dispersion is the fine scale mixing that was not 
captured in the coarser hydrodynamic grids under the time scales modeled (1-minute time step). Horizontal 
dispersion spreads oil laterally, while vertical dispersion may enhance the mixing within the water column 
and slow the resurfacing of entrained oils. Dispersion values for coastal and riverine waters were based on 
empirical data (Fischer, 1973; Okubo and Ozmidov, 1970; Okubo, 1971; Seo and Baek, 2004; Socolofsky 
and Jirka, 2004) and previous modeling experience. The Sabine Lake and Neches River cases were 
modeled using a horizontal dispersion coefficient of 5 m2/s for floating spillets and 1 m2/s for subsurface 
spillets, while the vertical dispersion coefficient was assumed to be 10 cm2/s throughout the model domain. 
For the offshore cases, the horizontal dispersion coefficient was assumed to be 100 m2/s for floating oil 
spillets and 2 m2/s for subsurface spillets, while the vertical dispersion coefficient was assumed to be 10 
cm2/s throughout the model domain.  

 Habitat and Bathymetry Data 
For geographical reference, the model uses a rectilinear latitude-longitude grid to designate the location of 
the shoreline, the water depth (bathymetry), and the shore and habitat types. This land-water grid was 
generated from a digital shoreline data set that delineated the shoreline locations and the cells were 
assigned a water depth and a code for shore or habitat type. Note that the model identified the location of 
the shoreline using this grid. Thus, in model outputs, the land-water map was only used for visual reference; 
it is the land-water grid that defines the actual location of the shoreline in the model.  

4.2.6.1 Inshore Modeling 
Bathymetry data from two sources were compiled to create a bathymetric grid used in the inshore SIMAP 
modeling of the Neches River, Sabine Lake, and Sabine Pass (Figure 4-37). The main source of bathymetry 
data was the 1/9 arc-second Continuously Updated Digital Elevation Model (CUDEM) published by NOAA’s 
National Centers for Environmental Information (NCEI) (CUDEM, 2014). This dataset is a 1/9 arc-second 
resolution grid that combines bathymetric and topographic tiles. The dataset tiles are continually updated 
from several sources including the NOAA Office of Coast Survey, NOAA National Geodetic Survey, NOAA 
Office for Coastal Management, U.S. Geological Survey, and the U.S. Army Corps of Engineers. Additional 
bathymetric data from hydrographic surveys of the main shipping channels, carried out by the US Army 
Corps of Engineers (USACE) (USACE, 2020), were combined with the CUDEM grid.  
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Figure 4-37. Habitat grid depicting shoreline types (top) and depth grid (bottom) used in the oil spill modeling 
in the inshore regions of the Neches River, Sabine Lake, and Sabine Pass.   
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4.2.6.2 Offshore Modeling  
The SIMAP oil spill model uses a definition of the shoreline type in its calculations of oil-shore interactions 
(Figure 4-38, top). The digital shoreline used to create the habitat grid was developed using the most current 
NOAA ESI hydrography data layers for applicable states (NOAA, 2012). Habitat grids containing shore 
habitat types were constructed for the region and used as an input to the SIMAP modeling system. The 
NOAA ESI datasets provided detailed shoreline type data for each of the states within the United States 
(NOAA, 2019a). The regions outside of the United States that were incorporated in the habitat grid lacked 
detailed shoreline type data. The land and water boundary for Mexico was defined using the 2008 NOAA 
National Operational Hydrologic Remote Sensing Center Mexican State Boundaries dataset (NOHRSC, 
2008). Where data was unavailable, a single shoreline type of sand beach was assigned to the entire 
Mexican and Cuban coasts within the model domain.  

Bathymetry data for the GOM region were obtained from the General Bathymetric Chart of the Oceans 
(GEBCO) Digital Atlas (GEBCO, 2009). The GEBCO depth data for the GOM region were a compilation of 
data from the International Bathymetric Chart of the Caribbean Sea and the Gulf of Mexico (IBCCA) and 
from sources in the US, UK and Germany. The gridding methods and the data sources are described in 
user guides and technical documents available at the GEBCO web site (www.gebco.net). The GEBCO 
Digital Atlas consists of depths on a global one arc-minute grid for the GOM region used for the oil spill risk 
assessment. The grid was generated by combining quality-controlled ship depth soundings with 
interpolation between points guided by satellite-derived gravity data. A subset of the gridded GEBCO data 
that was extracted in January 2009 was used to generate the depth grid used as input to the oil spill model 
(Figure 4-38, bottom).    
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Figure 4-38. Habitat grid depicting shoreline types (top) and depth grid (bottom) used in the oil spill modeling 
in the GOM. Dashed lines represent maritime boundaries. 
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4.2.6.3 Shoreline Data 
The oil spill model includes an oil-shoreline interaction algorithm, which calculates the amount of oil that 
could be retained on different types of shoreline when oil was predicted to reach the coast. The oil holding 
capacity (maximum amount retained on shorelines) was based on the definition of shoreline type, horizontal 
angle and width of shoreline, viscosity of the oil, the tidal amplitude, and the wave energy (Table 4-10). Flat 
sand beaches typically retain more oil than steep rocky coasts, and oil that cannot be retained on the shore 
would remain on the water surface and be susceptible to further transport, potentially affecting other regions. 
The shoreline holding capacities defined for the Natural Resource Damage Assessment Model for Coastal 
and Marine Environments (NRDAM/CME), completed by French et al. (1996), for the federal government 
were used for the spill simulations performed for the spill risk assessment. These oil-holding capacities were 
based on observations from the Amoco Cadiz spill in France and the Exxon Valdez spill in Alaska (based 
on Gundlach, 1987) and later work summarized in French et al. (1996).  

 
Table 4-10. Modeled shore widths and oil holding capacities for each shore type for the GOM. 

Type of Shore Width (m) 
Oil Holding Capacity (mm) 

Oil Viscosity 
<30 cSt 

Oil Viscosity 
30 – 2,000 cSt 

Oil Viscosity 
>2,000 cSt 

Rocky Shore 1.0 1.0 2.0 2.0 
Gravel Beach 2.0 2.0 9.0 15.0 
Sand Beach 10.0 4.0 17.0 25.0 

Mud Flat (Seaward) 10.0 3.0 6.0 10.0 
Wetland (Saltmarsh) 1.0 1.0 2.0 2.0 
Human-Altered Shore 1.0 1.0 2.0 2.0 
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 Degradation Rates 
The degradation of oil may occur as the result of photodegradation (e.g., photolysis, which is a chemical 
process energized by ultraviolet (UV) light from the sun, and photo-oxidation), and by biological (bacterial) 
breakdown, termed biodegradation. In the model, degradation occurs at different rates for surface floating 
oil, oil deposited on the shore, entrained oil and dissolved hydrocarbons in the water column, and oil in the 
sediments. Photodegradation is important for hydrocarbons in floating oil and aromatic hydrocarbons 
dispersed or dissolved in the upper photic zone, where UV light levels are high and not attenuated by SPM 
in the water column. Biodegradation rates are relatively fast for the soluble and semi-soluble hydrocarbons, 
higher when these are in the dissolved state or in dispersed small droplets, and relatively slow in floating oil 
and in sediments (on shore or on the sea floor).  

A first-order decay algorithm was used, with degradation rates specified for the whole oil as well as for the 
individual hydrocarbon components in each of the surface, water column and sediment compartments of 
the model. The degradation rate (g/day) can be defined as,  

Rh,I = dMh,i/dt = -Kh,iCh,I * Vi                                                  (11) 

where: 

h: hydrocarbon compound or compound group (i.e., “pseudo-component”); 

i: environmental compartment (water or shoreline surface, upper and lower water column, and 
sediments); 

Rh,i: loss rate (g/day) of the mass of compound (or compound group) h in oil through degradation in 
environmental compartment i; 

Mh,i: mass (g) of compound (or compound group) h in oil subjected to degradation in environmental 
compartment i; 

Kh,i: 1st order degradation constant (1/day) for compound (or compound group) h in environmental 
compartment i; 

Ch,i: Aqueous phase concentration (g/m3 of compound (or compound group) h in environmental 
compartment i; this is either the solubility saturated concentration or the aqueous phase 
concentration of compound (or compound group) h calculated based on the partitioning from oil 
phase and the seawater; the smaller of the two determines the compound (or compound group) h 
that is available (bioavailability) for biodegradation; and 

Vi: The total volume (m3) of environmental compartment i. 

 

The degradation constant, Kh,i, may include all degradation processes. Distinct values of Ki may be specified 
for whole oil and specific constituent groups (n-alkanes, aromatics, etc.) in each compartment.  

Degradation rates for each pseudo-component group and compartment (surface, water column, and 
sediments) are user inputs. Default degradation rates (Table 4-11) are provided in the oil database for the 
7-component default configuration used in the SIMAP model (see Section 4.3). These rates are based on 
data obtained from literature reviews that included estimates for compounds and/or components of each oil 
generally and are not specific to the offshore GOM, Sabine Lake, or Neches River environments. 
Degradation rates in the freshwater environment, especially under low temperature wintertime conditions, 
may be lower than those modeled. Note that for floating oil, the volatile components (especially AR1 and 
AL1; see Section 4.3) of the 7-component model would likely evaporate (volatilize) before degradation likely 
occur, due to differences between these weathering rates. For the semi-volatile components (i.e., AR2 and 
AL2; see Section 4.3), degradation in floating oil would be considerably slower than volatilization. The 
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degradation rates for residual oil are consistent with studies by Zahed et al. (2011) and Atlas and Bragg 
(2009). At the time this report was prepared, there were no published oil degradation studies for 
hydrocarbons within the Project Area. A detailed description of the literature review and derivation of the 
degradation rate values provided in the table below may be found in the BOEM OCS Study of the Simulation 
Modeling of Ocean Circulation and Oil Spills in the GOM including Annex A to Appendix II: Oil Transport 
and Fate Model Technical Manual, with specific focus on Annex C (French-McCay et al., 2017; Li and 
French-McCay, 2017). 

 
Table 4-11. Degradation rates (instantaneous, daily) for the seven modeled pseudo-component groups of oils. 

 

Instantaneous Degradation Rate (day-1) 

Oil Name Aromatic 1 Aromatic 2 Aromatic 3 Aliphatic 1 Aliphatic 2 Aliphatic 3 Residual 

Floating Oil 

Bakken 0.010 0.010 0.010 0.001 0.001 0.001 0.001 
CLB 0.010 0.010 0.01 0.001 0.001 0.001 0.001 

Diesel 0.010 0.010 0.010 0.240 0.062 0.043 0.001 
HFO 380 0.000 0.010 0.010 0.240 0.06 0.042 0.001 

In Water 

Bakken 0.250 0.222 0.267 0.240 0.071 0.042 0.020 
CLB 0.240 0.231 0.248 0.240 0.070 0.042 0.020 

Diesel 0.273 0.250 0.277 0.240 0.062 0.043 0.020 
HFO 380 0.000 0.280 0.246 0.240 0.060 0.042 0.020 

Sediments 

Bakken 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
CLB 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Diesel 0.001 0.001 0.001 0.001 0.001 0.001 0.001 
HFO 380 0.000 0.001 0.001 0.001 0.001 0.001 0.001 

 

4.3 Oil Characterization and Acute Toxicity 
Crude oils and refined petroleum products are complex mixtures of many thousands of different hydrocarbon 
compounds derived from naturally occurring geological formations. Each has physical and chemical 
properties (e.g., viscosity, density, solubility, volatility) that reflect its composition and affect its transport and 
fate, once discharged into the environment (NRC 2003). The model must, of necessity, treat the oil as a 
mixture of a limited number of components, grouping chemicals by physical and chemical properties.  

As mentioned previously, the oils (and their many thousands of different components) were broken down 
into seven compartments or pseudo-component groups consisting of three aromatic, three aliphatic, and 
the higher molecular weight residual fraction. While these groupings carry titles that are very specific in the 
field of chemistry, they are meant to imply different behavior in this modeling context. Aromatic compounds 
in the SIMAP model are those that are both volatile and soluble, meaning they can evaporate to the 
atmosphere and dissolve into the water column. Aliphatic compounds in the SIMAP model are those that 
are volatile and insoluble, meaning they can evaporate to the atmosphere, but cannot dissolve into the water 
column. The residual fraction is allowed to decay with time but is otherwise considered relatively inert within 
the model.  
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Water content of emulsions is primarily driven by the density and viscosity of the oil in concert with the resin 
and asphaltene concentrations of oils. Heavier crudes necessarily have higher densities and viscosities and 
since asphaltenes and resins are large complex molecules, they tend to be in higher concentrations as well. 
Oils which reside on either extreme of density can be too heavy and viscous or too light and thin to create 
a stable emulsion, despite favourable concentrations of asphaltene’s and resins. Therefore, predicting 
emulsification is extremely difficult and complex. Further difficulties arise when oils are weathered, and 
lighter fractions evaporate. This process typically increases its density and viscosity, while concentrating 
the asphaltene and resin concentrations. Even an oil without the ability to form a stable emulsion may 
change after it is able to evaporate and concentrate.  

A range of oil types including Bakken Crude, Cold Lake Blend (CLB), Diesel, and Heavy Fuel Oil were 
modeled in the discharge scenarios. This variety of modeled oils spanned the range of API crude oils that 
are expected to be shipped in this export system (Figure 2-6).  Summaries of the physical (Table 4-12) and 
chemical (Table 4-13) parameters demonstrate the potential for a wide range of behaviors of the modeled 
oils (Environment Canada Oil Property Database, 2017; API, 2015).  

 
Table 4-12. Physical properties of the modeled oil types.  

Oil Name Oil Type Specific Gravity (g/m2 
@15.5ºC) 

Viscosity 
(cP) 

Interface 
Tension 

(dyne/cm) 
Emulsion Maximum 
Water Content (%) 

Bakken High API Crude 0.8122 3.88 @ 
10ºC 27.3 0.00 

CLB Low API Crude 0.919 150 @ 
15ºC 27.1 72 

Diesel 2002 Diesel Fuel 0.831 2.76 @ 
25ºC 27.5 0.00 

HFO 380 Heavy Fuel Oil 0.989 22,800 
@15ºC 

not 
measurable 60 

 

Bakken is a light crude with low density, viscosity and an inability to form a stable emulsion (i.e., 0% 
maximum water content). The aromatic content is relatively high (4.1%), with equal distribution across the 
range of aliphatic groups and low residual content.  

CLB diluted bitumen is a heavy product with high density, viscosity and potential water content when fully 
emulsified. Like most heavy crudes, CLB has a low total weight of hydrocarbons within the volatile pseudo-
components, and a large residual fraction. However, unlike other heavy crude, it is important to note that 
CLB is a blend of hydrocarbons formulated by combining a heavy, and viscous fraction known as bitumen 
with a light diluent (often condensate), which is used to reduce the density and viscosity of the product to 
the point that it may be transported in pipelines. CLB can form stable emulsions and tarballs quite rapidly 
due to its composition, which has reduced quantities of middle-weight compounds relative to other low API 
products. 

Diesel 2002 is a refined hydrocarbon created through fractional distillation during which lighter, more volatile 
hydrocarbons are separated from the bulk solution by evaporating and collecting them. Thus, most of this 
fuel’s mass can be found within the AR1-3 and AL1-3 pseudo-component fractions and very little found 
within the residual fraction.  

HFO 380 is also a refined hydrocarbon product that is created through fractional distillation. However, while 
diesel and other light fuels are created when the evaporated fraction is collected, HFO’s are created by 
collecting the unevaporated or residual fraction. Therefore, HFO has a high density, viscosity, and is 
primarily composed of non-volatile, residual hydrocarbons (~84%).  
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Table 4-13. Chemical properties of the modeled oil types. Aromatic (AR), aliphatic (AL), and total hydrocarbon 
concentration (THC) are broken out by percentage composition of fresh whole oil for each oil type simulated 
in this study.  

Distillation 
Cut 

Boiling 
Point (°C) 

Chemical Characteristics of 
Soluble (aromatics) and 

Insoluble (aliphatic) compounds 
Percent by Weight 

Aromatics 
(MAH and PAH) Aliphatics 

Bakken CLB Diesel 2002 HFO 380 

%AR %AL %AR %AL %AR %AL %AR %AL 

THC-1 <180 Volatile and 
Highly Soluble Volatile 2.6 24.7 1.1 17.6 1.9 19.6 0.0 0.0 

THC-2 180-265 Semi-volatile 
and Soluble Semi-volatile 0.7 22.0 0.6 10.1 2.4 43.9 0.5 6.2 

THC-3 265-380 
Low Volatility 
and Slightly 

Soluble 
Low Volatility 0.8 22.0 0.6 10.1 1.4 30.7 0.9 8.5 

Total AR/AL:  4.1 68.7 2.3 37.8 5.7 94.2 1.4 14.7 

Residual >380 Residual oil fraction 27.2 59.9 0.1 83.9 

AR adjusted from calculated THC values from distillation data from API (2015). AR and THC data used for the 
adjustment calculations are from Dangerous Goods Transport Consulting (2014).  
AL calculated by difference THC - AR.  
THC calculated from distillation data from API (2015).  

 

5 MODEL APPLICATION 
OILMAPLand and SIMAP were applied in a variety of ways to meet the objectives of the study. OILMAPLand 
was used to calculate pipeline discharge volumes for onshore Pipeline Segments 1, 2, and 3. OILMAPLand 
was then used to simulate the trajectory of on-land discharges from onshore Pipeline Segments 1 and 3. 
SIMAP was used to model discharges in the Neches River, Sabine Lake, and GOM for representative 
locations from onshore Pipeline Segments 1 and 2 and the offshore portion of the Project.  

5.1 OILMAPLand Model Application 
OILMAPLand was used to calculate pipeline discharge volumes for onshore Pipeline Segments 1, 2, and 3. 
Discharge point locations were generated at 30.5 m (100-ft.) intervals along the onshore pipeline route, as 
well as at every stream crossing, for a total of 2,249 discharge points. The full-bore rupture discharge volume 
and duration at each discharge location were calculated with the OILMAPLand model assuming a given 
time to detect a break on the line and completely shut-down pumps (9 minutes) and the time to close the 
valves following pump shutdown (3.9 minutes) (Table 4-1). The total spill volume is the sum of the volume 
discharged during the period when the pumps are operating (based on the pipeline flow rate), the volume 
available to drain from the pipeline after the pumps are stopped and before valves are closed, and the 
volume available to drain from the pipeline (by gravity) between adjacent valves once valves are shut down. 
The discharge volumes and durations varied by location along the pipeline, according to the elevation profile 
of the pipeline and the location of isolation valves. The pipeline characteristics, operational parameters, 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 90 

pipeline elevation profile, and product specifications data used in the discharge volume calculations are 
described in Sections 4.1.1, 4.1.2, and 4.1.3.  

Discharges from 1,563 individual locations were simulated using the OILMAPLand model. Discharges 
located within the Neches River or Sabine Lake were excluded from the OILMAPLand modeling, as they 
were simulated within SIMAP. The OILMAPLand model relies on input datasets to describe the environment 
around the pipeline. The elevation, hydrologic, land cover, and meteorological data used in the modeling 
are described in Sections 4.1.4, 4.1.5, 4.1.6. and 4.1.7 respectively. It was assumed that no mitigation efforts 
were undertaken to interrupt or alter the trajectory of the discharge. 

The hydrologic system within the Project Area included many large open water wetlands. Some of these 
were represented in the high resolution NHD data as lakes, while others were not. For those that were not 
included, open water wetlands were added to the NHD lake data based on visual determination from the 
available aerial imagery (Figure 5-1). Connections between these wetlands were added to the hydrologic 
network based on a visual assessment of aerial imagery. These open water wetlands were treated as lakes 
within the OILMAPLand model; oil was assumed to spread radially across the water surface until it covering 
the entire area, or until the oil slick reached a specified minimum thickness (Table 4-3).  

OILMAPLand was used to simulate the trajectory of discharged oil until: 

• the total volume of discharged oil had either adhered to the ground surface or stream banks, or 
evaporated;  

• the discharge reached its minimum thickness on a lake or open water wetland surface (Table 4-3);  

• the discharge reached a dead end in the stream network; or  

• the discharge reached navigable waters: the Neches River, Sabine Lake, or the GOM (Figure 
5-1).  

OILMAPLand produced a trajectory footprint GIS polygon and mass balance for each of the 1,563 locations. 
These outputs were used to perform the HCA consequence analysis by overlaying the plume polygons with 
HCA data to determine potentially impacted receptors. Additionally, the volume of discharged product that 
was able to reach the Neches River, Sabine Lake, or GOM was used as an input to the SIMAP modeling to 
perform comprehensive three-dimensional trajectory and fate simulations and exposure assessment. 
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Figure 5-1. Designated open water wetland and navigable water areas within the onshore pipeline segments 
of the Project Area.
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5.2 SIMAP Model Application 
Multiple hypothetical discharge locations were modeled to understand the differences in predicted movement, 
behavior and potential effects of on-land discharges, discharges into the Neches River, Sabine Lake, and in 
the offshore GOM. Stochastic SIMAP scenarios, comprised of 145 individual deterministic model simulations 
were run for each scenario outlined in Section 2.1.3, totaling twenty-four stochastic scenarios.  

In the inshore regions of the Neches River and Sabine Lake, seasonal environmental variability was included 
by breaking out months with low river flow fall conditions, average river flow summer conditions, and high river 
flow springtime conditions (Table 4-5). Based upon the distribution of stimulation start time dates, 48 individual 
trajectories were modeled for high river flow conditions, while 49 were modeled under average river flow 
conditions, and 48 under low river flow conditions. This seasonal breakdown sampled each season effectively 
to provide an understanding of the environmental dynamics throughout and across the six-year (January 2005 
and December 2010) modeled time period. The individual simulations modeled for the different river flow 
conditions were combined in the stochastic analysis to provide annual data for a total of 145 analyzed 
simulations.  

Stochastic modeling captured the environmental variability that as present in wind, currents, tides, temperature, 
total suspended solids, and other environmental variables throughout and over multiple years that have the 
potential to result to influence trajectory and fate of each simulated discharge. The results of the stochastic 
analysis provide an understanding of the likelihood and timing of potential contaminants within each 
investigated environmental compartment, including surface floating oil, shoreline, sediment, and in-water 
contamination. All stochastic modeled discharges were assumed to be unmitigated, meaning that no response 
efforts (e.g., booming, burning, skimming, collection) were undertaken at any point. The results of these 
analyses are described in further detail in Section 7.1. 

The 95th percentile worst cases for shoreline oiling were then identified for each of the 24 individual deterministic 
scenarios (4 inshore and 20 offshore). The intent of the deterministic analysis was to provide individual 
representative “worst-case” discharges, based on specific parameters for each single event, to provide a range 
of potential biological effects that may be possible under different geographic and environmental conditions. 
The 95th percentile shoreline oiling cases were identified as the 95th percentile maximum length of shoreline 
oiled above the identified threshold.  

A biological effects assessment was conducted for each of the unmitigated deterministic scenarios using the 
SIMAP exposure model to investigate two biological thresholds. The concentration and duration of exposure 
was assessed for two sensitivity thresholds including 5 µg/L, which represented sensitive species and is 
protective of 97.5% of species, and 50 µg/L which represented average sensitivity species. The two thresholds 
bound the range of potential impacts based upon the variability in biological sensitivities to contaminants. In 
total, 48 biological analyses were conducted on the 24 individual deterministic scenarios. 

For the four inshore scenarios (Neches River and Sabine Lake), each scenario was simulated as a short 
duration discharge (13 minutes), where the trajectory, fate, and effects were tracked for a total of 14 days 
following the initial discharge. The offshore scenarios ranged from near-instantaneous to 1-hour discharges, 
where the trajectory, fate, and potential effects were tracked for a total of 60 days following the initial discharge 
to account for the larger size and more variable environmental forcing within the GOM. 

The results of the deterministic simulations provide a time history of oil weathering over the duration of the spill 
(mass balance), expressed as the percentage of spilled oil on the water surface, on the shoreline, evaporated, 
entrained in the water column, and decayed. In addition, figures of the individual trajectories showing the 
maximum cumulative footprints of floating surface oil, sediment and shoreline oil, and the concentration of 
dissolved aromatics in the water column are provided. These results are described in further detail in Section 
7.1.4. 
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It is important to note that because of the high degree of variability in environmental conditions within the study 
region, a spill occurring at a different date or time than those modeled may result in slightly different trajectory, 
fate, and potential effects results than reported here. Therefore, the area of surface oiling, mass of oil along 
the shoreline, and mass of oil within the water column, may be different for each modeled run. Overall, this 
modeling methodology provides a range of representative results for trajectory, fate, and biological effects for 
each modeled hypothetical discharge. 

6 OILMAPLAND MODEL RESULTS 
Hypothetical discharges of light and heavy crude oil product types were simulated from points on land 
originating along the pipeline using the OILMAPLand model. Simulations were performed to assess the 
trajectory and fate of oil overland and through the surface water hydrologic system before reaching the Neches 
River, Sabine Lake, or the GOM.  

6.1 Discharge Volume Results 
A total of 2,249 discharge volumes and durations were calculated as full-bore ruptures using the OILMAPLand 
model at discharge locations spaced at 30.5 m (100-ft.) intervals along the pipeline in addition to each 
watercourse crossings for both products. Discharge volumes ranged from 12,041 to 74,690 barrels (bbl) for 
each product, with an average discharge volume of 27,181 bbl for the Bakken product, and 27,162 bbl for the 
CLB product (Table 6-1 and Figure 6-1). The expected time required for all of the oil to be discharged from the 
pipeline (discharge duration) ranged from 9 minutes to 3.7 hours for the Bakken product and 9 minutes to 4.7 
hours for the CLB product.  

 
Table 6-1. Summary of discharge volumes (bbl) along the pipeline for both products. 

Discharge Volume Bakken CLB 

Minimum 12,041 12,041 
Maximum 74,690 74,690 

Mean 27,181 27,162 

 

The discharge volumes were impacted by the elevation along the pipeline (Figure 6-1); the highest discharge 
volumes were predicted to occur at the lowest elevation points, as a greater volume of product would be able 
to drain by gravity to the rupture point. The lowest discharge volumes were predicted to occur at the highest 
elevation points and had values that were very close to the pipeline flow rate over the pump shutdown time 
period, as minimal gravitational drainage was predicted to occur. The valves along the pipeline, once closed, 
also limit gravity-based drainage for discharge locations located between to closed valves (i.e., isolated pipeline 
segment). 

The largest discharge volumes along the onshore pipeline were predicted to occur within Sabine Lake (Figure 
6-1 and Table 6-2). With the elevations steadily sloping downward towards the middle of the lake, and the 
longest distance between isolation valves (one on each side of the lake), a large volume of oil would be able 
to drain from this segment of the pipeline, should there be a break in the line. However, the pipeline would be 
buried below the lake bottom and a full-bore rupture is unlikely to occur. Discharge locations within Sabine 
Lake were not included with the onshore OILMAPLand modeling. Therefore, the average discharge volume for 
on land simulations (Pipeline Segments 1 and 3) had a lower overall average by approximately 10,875 bbl 
(Table 6-2). 
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With the valves located several meters higher than most of the pipeline (Figure 6-1), these high points along 
the pipeline helped reduce the potential gravity-based drainage from one segment to the next, even without 
the valve being closed there. When closed, valves MLV-2, MLV-3, and MLV-4 (Figure 4-1) help to further 
reduce drainage within the pipeline segments between those valves. Valves MLV-5, MLV-6 and the valve at 
Station 501 were not predicted to reduce discharge volumes by being closed. This lack of reduction was due 
to the elevation of the valves compared to the elevation of the surrounding pipeline, rather than the closure of 
the valves themselves, effectively isolating these segments of pipeline. 

Predicted discharge volumes for Bakken and CLB followed a nearly identical trend along the pipeline profile, 
with slightly lower volumes associated with the CLB product for a portion of the profile (Figure 6-2). While the 
elevation profile, valve locations, and operational characteristics were identical for both products, the difference 
was related to the slower gravity drainage rate of the CLB product, due to its higher density and viscosity 
reducing the drainage rate relative to the Bakken. For most of the pipeline, this slower CLB drainage rate did 
not impact the discharge volume (the same volume of product can drain from the line). However, the duration 
of the drainage was typically longer for the CLB product. For a short portion of the pipeline within Pipeline 
Segment 1 near the Nederland terminal, the Bakken volumes were predicted to be slightly greater than the 
CLB volumes (Figure 6-2). This was the result of the slower CLB drainage rate and the elevation profile along 
the pipeline and valve locations within that segment. Therefore, slightly more Bakken was expected to drain 
prior to valve closure and isolation of that pipeline segment.  

Inshore modeling with the SIMAP model used the OILMAPLand calculated pipeline discharge volumes. The 
closest discharge location to the Neches River (MP-1) and Sabine Lake (MP-19.5) inshore discharge locations 
were identified (Table 6-3). While the full-bore rupture discharge volumes predicted by OILMAPLand were used 
in the inshore SIMAP modeling the calculated durations were not. To be more conservative (i.e., maximize 
discharge volume in shortest period of time), the entire volume of the full-bore rupture and drain down was 
released over the course of pump out and valve closure. 

 
Table 6-2. Discharge volumes from locations in the Neches River, Sabine Lake, and on land. 

 In Neches River In Sabine Lake On Land 

Bakken CLB Bakken CLB Bakken CLB 

Discharge Location Count (number) 14 14 672 672 1,563 1,563 
Minimum Discharge Volume (bbl) 24,782 24,782 12,746 12,746 12,041 12,041 

Mean Discharge Volume (bbl) 24,878 24,878 52,521 52,521 16,307 16,279 
Maximum Discharge Volume (bbl) 24,885 24,885 74,690 74,690 24,906 24,906 

 
Table 6-3. Discharge volumes (bbl) for selected SIMAP locations.  

Discharge Volume 
Bakken 

(bbl) 
CLB 
(bbl) 

MP1 (Neches River) 24,885 24,885 
MP 19.5 (Sabine Lake) 73,884 73,884 
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Figure 6-1. Discharge volumes, elevation above sea level, and valve locations along the pipeline for the Bakken product. 
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Figure 6-2. Detailed view of discharge volume, elevation profile above sea level, and valve locations near the Nederland facility and Neches River, 
depicting the slight differences predicted between Bakken and CLB discharge volumes.
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6.2 Trajectory and Fate Results 
OILMAPLand simulations were performed to determine the trajectory and fate of 1,563 discharge points 
along the onshore portion of the pipeline. Discharge locations within the Neches River (14 discharge points) 
and Sabine Lake (672 discharge points) were not included in the simulations. Simulations were stopped 
when any amount of oil reached the Neches River, Sabine Lake, or the GOM.  

The results of each individual OILMAPLand simulation included a predicted trajectory footprint and 
associated mass balance information (Section 3.1.5). In general, discharges either terminated on the land 
surface, entered waterways and moved downstream to larger waterbodies, and/or spread on open water 
areas such as lakes and wetlands (Figure 6-3). Simulations were terminated when oil reached the Neches 
River and Sabine Lake, as transport within these waterbodies was assessed with SIMAP. The shape of 
some of the predicted trajectory footprints, especially for discharges from the Pipeline Segment 3, appear 
unnatural and stand out from the other trajectories (Figure 6-4). These irregular trajectories were the result 
of the open water wetlands that are complex and often delineated by man-made features such as roads and 
canals. Predicted trajectories for Bakken (Figure 6-5) and CLB (Figure 6-6) are provided for Pipeline 
Segment 1. Similarly, Bakken (Figure 6-7) and CLB (Figure 6-8) predicted trajectories are provided for 
Pipeline Segment 3. The discharge locations and predicted plume trajectory outputs were also provided as 
ESRI shapefiles. 

Bakken discharge simulations were generally predicted to be transported farther than the CLB discharge 
simulations, both on land and in the hydrologic network. The greater viscosity of CLB resulted in larger 
amounts being retained on land surface and shorelines, thereby decreasing the distance that plumes were 
able to move. For some locations, the difference between the two modeled products was obvious (Figure 
6-9), where the Bakken discharge trajectories cover a larger land surface area than the CLB trajectories. In 
these cases, the CLB trajectories were displayed on top of the Bakken trajectories and the full Bakken 
trajectory footprint would include both the yellow and red areas of the figure. In other cases, there was little 
distinction between the two sets of plume footprints, or they were identical. When both sets of discharges 
were predicted to reach the same model end point, such as reaching Sabine Lake (Figure 6-10), the 
difference between the two sets of trajectories were not obvious and differences were better demonstrated 
by the total volume of product predicted to reach Sabine Lake. 

Many of the predicted trajectories within Pipeline Segment 1 were predicted to reach the large open water 
wetland just north of the Neches River (Figure 6-5 and Figure 6-6). As discussed in Section 5.1, this open 
water wetland was treated as a waterbody (lake) in OILMAPLand. Oil was simulated to spread radially within 
the waterbody, until either the surface plume reached a minimum thickness, or the entire area was covered, 
and the plume was able to continue out one of two connection points with the Neches River. In reality, the 
transport of oil within this region may be impacted by any natural barriers and variability in currents (i.e., 
tides), winds, and other actors. In addition, the wetland connects to other wetlands and the Neches River in 
multiple locations. The approach used by OILMAPLand was selected as a conservative assumption, to 
maximize the potential for oil to travel through the wetland and reach the Neches River.  

OILMAPLand discharge simulations also provide a summary of the volume of oil predicted to reach different 
fate endpoints, known as the mass balance (Table 6-4). Oil may ultimately end up on the land surface, 
evaporated to the atmosphere, remain on rivers or lakes/open water wetlands, and ultimately could reach 
the GOM. The simulation endpoint varied between simulations, so the individual mass balance values may 
not be strictly comparable between simulations. However, these summaries provide the range of oil that 
may be in each environmental compartment at the end of the simulation to highlight the overall differences 
between the scenarios and the two products modeled. These statistics include the volume reaching the 
Neches River as “In Rivers” and the volume reaching Sabine Lake as “In Lakes and Open Water Wetlands”. 
In general, Bakken simulations were predicted to have less volume of oil on land and in rivers than CLB 
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simulations, due to lower rates of retention on land and shorelines. Bakken simulations were predicted to 
result in greater evaporation, due to the lighter nature of the product and higher volatility, when compared 
to CLB. Also, the Bakken simulations were on average longer, as CLB simulations tended to reach one of 
the termination conditions sooner than Bakken simulations. Due to the longer duration of the simulation and 
the higher volatility in Bakken scenarios, a larger amount of evaporation was predicted during the 
simulations. Bakken simulations also ended with greater volumes of oil predicted on lakes and open water 
wetlands, as many of the simulations terminated with oil spreading in an open water wetland, with smaller 
volumes of oil retained on the land and shorelines prior to reaching the wetland area. 

 
Table 6-4. Summary of the predicted fate of 1,563 individual discharges simulated in OILMAPLand.  

Fate Statistic Bakken 
(bbl) 

CLB 
(bbl) 

On Land 
Min 0.0 0.0 
Max 24,304 24,886 

Mean 4,963 7,042 

Evaporated 
Min <1 <1 
Max 9,208 3,082 

Mean 1,118 290 

In Rivers 
(Neches River) 

Min 0.0 0.0 
Max 24,886 24,885 

Mean 1,505 1,807 
In Lakes and Open 

Water Wetlands 
(Sabine Lake) 

Min 0.0 0.0 
Max 21,781 21,624 

Mean 8,715 7,134 

Reached GOM 
Min 0.0 0.0 
Max 12,154 12,084 

Mean 8 8 

 

The discharge locations where oil was predicted to reach the Neches River, Sabine Lake, and the GOM 
were identified for each set of 1,563 discharge simulations (Table 6-5). Of the Bakken discharges simulated, 
173 were predicted to reach the Neches River, 673 to reach Sabine Lake, and 1 to reach the GOM. Of the 
CLB discharges simulated, 102 were predicted to reach the Neches River, 411 to reach Sabine Lake, and 
1 to reach the GOM. Oil was predicted to reach the Neches River by traveling directly overland or overland 
and then through the hydrologic network. Some Bakken discharge simulations were predicted to reach the 
Neches River after spreading over the entire surface of the large open water just north of the river (Figure 
6-11). All CLB discharge simulations that were predicted to reach that same wetland spread to a thicker 
terminal thickness (due to the higher viscosity) and the simulation was terminated oil reached the Neches 
River (Figure 6-12). Discharge simulations were predicted to reach Sabine Lake, traveling overland directly 
or overland and then through the hydrologic network. More Bakken (Figure 6-13) discharge simulations 
were predicted to reach Sabine Lake corresponding with discharge points at greater distances from the 
waterways than CLB (Figure 6-14) due to the greater retention and thicker surface oil on the open water for 
the CLB product. Only a single discharge location, the same for both Bakken and CLB, was predicted to 
reach the GOM, with the same overland pathway.  

The volumes of discharged product predicted to reach the Neches River, Sabine Lake, and the GOM were 
determined separately, using the OILMAPLand mass balance output. The results were tabulated for on land 
release only (Table 6-5), and did not include discharge locations that were actually in the Neches River or 
Sabine Lake (previously presented in Table 6-2). The average volume of oil predicted to reach the Neches 
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River was greater for CLB discharge simulations, while the volumes predicted to reach Sabine Lake were 
greater for Bakken discharged simulations. This disparity was due to the averages being based on a different 
number of simulations, as only the discharge locations reaching that waterbody were included in the 
statistics. The maximum values predicted to reach each of the three waterbodies was always less than or 
equal to the volumes for discharge locations that would have released directly into these waterbodies. 
Therefore, the OILMAPLand volumes used in the SIMAP do represent the worst-case discharge scenarios 
for use in the exposure assessment (Section 2.1.3). 

 
Table 6-5. Number of discharge locations and volume statistics (bbl) for discharges predicted to enter the 
Neches River, Sabine Lake, and the GOM. Statistics calculated from number of discharges entering the 
respective waterbody only.  

Fate Statistic Bakken CLB 

Reached Neches River 

Number of Discharges 173 102 
Min 24 41 

Mean 11,332 13,248 
Max 24,885 24,884 

Reached Sabine Lake 

Number of Discharges 673 411 
Min 89 308 

Mean 11,812 8,855 
Max 21,530 1,8391 

Reached GOM 

Number of Discharges 1 1 
Min 12,154 12,084 

Mean 12,154 12,084 
Max 12,154 12,084 
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Figure 6-3. Example trajectories from three hypothetical releases of Bakken within Pipeline Segment 1 and the associated mass balances. 
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Figure 6-4. Example of individual CLB trajectory along the Pipeline Segment 3, where the plume was predicted to enter a complex open water wetland, 
that was delineated by roads on the west and south, and other man-made features within the wetland.  
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Figure 6-5. Overview map of all Bakken discharge trajectories from Pipeline Segment 1. Simulations were terminated when oil reached the Neches River 
and Sabine Lake, as transport within these waterbodies was assessed with SIMAP (see Section 7). 
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Figure 6-6. Overview map of all CLB discharge trajectories from Pipeline Segment 1. Simulations were terminated when oil reached the Neches River 
and Sabine Lake, as transport within these waterbodies was assessed with SIMAP (see Section 7). 
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Figure 6-7. Overview map of all Bakken discharge trajectories from Pipeline Segment 3. Simulations were terminated when oil reached the Neches River 
and Sabine Lake, as transport within these waterbodies was assessed with SIMAP (see Section 7). 
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Figure 6-8. Overview map of all CLB discharge trajectories from Pipeline Segment 3. Simulations were terminated when oil reached the Neches River 
and Sabine Lake, as transport within these waterbodies was assessed with SIMAP (see Section 7). 
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Figure 6-9. Example of CLB and Bakken discharge trajectories for a Pipeline segment north of the Neches River. The CLB trajectories were displayed on 
top of the Bakken trajectories in this figure; the full Bakken trajectory footprint includes both the yellow and red areas in the figure. 
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Figure 6-10. Example of CLB and Bakken discharge trajectories for a Pipeline segment east of Sabine Lake. The CLB trajectories were displayed on top 
of the Bakken trajectories in this figure; the full Bakken trajectory footprint includes both the yellow and red areas in the figure. 
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Figure 6-11. Bakken discharge locations and trajectories predicted to enter the Neches River or Sabine Lake from the Pipeline Segment 1. 
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Figure 6-12. CLB discharge locations and trajectories predicted to enter the Neches River or Sabine Lake from the Pipeline Segment 1. 
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Figure 6-13. Bakken discharge locations and trajectories predicted to enter Sabine Lake or the GOM from the Pipeline Segment 3.
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Figure 6-14. CLB discharge locations and trajectories predicted to enter Sabine Lake or the GOM from the Pipeline Section 3.
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7 SIMAP MODEL RESULTS 
7.1 Stochastic Analysis Results 

Stochastic analyses characterize results from tens to hundreds of individual modeled discharges. This study 

included modeling 145 discharges for each modeled SIMAP scenario (Table 2-4 and Table 2-5) at each 

hypothetical discharge location over a six-year (January 2005 to December 2010) period of environmental data. 

Discharges were modeled at the Neches River (MP 1) and Sabine Lake (MP 19.5) crossings as underwater 

discharges. The six-year period for modeling captured the natural variability in the environment that may have 

the potential to affect the movement and behavior of oil in the environment (e.g., wind, currents, tides, river 

flow, temperature, SPM, etc.). At each hypothetical discharge location, site-specific values for the discharge 

volumes and oil types were modeled throughout the year. For the inshore cases, this included seasonal 

changes that encompass high, medium, and low river flow periods. 

The figures presented in this stochastic modeling results section illustrate the predicted spatial extent of the 

probabilities and associated minimum times to threshold exceedance (Figure 7-1 through Figure 7-48) for 

floating surface oil (0.1 g/m2 [equivalent to 0.1 µm on average over the grid cell]) and shoreline oiling (1 g/m2) 

within each hypothetical discharge scenario without mitigation or use of MLV’s. The probability maps define the 

area of potential exposure and the associated probability with which oil on the water surface or shoreline are 

expected to exceed the specified thresholds at any point of time throughout the entire 14-day (inshore 

scenarios) or 60-day (offshore scenarios) simulation. The colored footprints in the stochastic maps signify the 

boundary for given percentiles of areas that were predicted to experience oil at or above the specified threshold 

for each discharge scenario. Red shades denote areas that are more likely to exceed the specified threshold, 

while green shades are less likely. Note that the darkest green shading represents areas where oil may exceed 

the specified threshold in only 1% to 10% of the 145 discharges simulated per scenario. Probabilities below 

1% are not depicted on these maps. 

The probabilities of oil exposure were calculated from a statistical analysis of the ensemble of individual 

trajectories modeled for each discharge scenario (Figure 2-4). The fundamental assumption for this modeling 

was that a discharge did occur. Therefore, probability footprint should be interpreted as “In the unlikely event 

of a discharge, the probability that any one specific area (i.e., grid cell) may experience contamination above 

the specified threshold is X%”. Stochastic figures do not imply that the entire area would be covered with oil in 

the event of a single discharge, nor do they provide any information on the quantity of oil in each area. 

Additionally, these figures do not provide the likelihood of a discharge occurring in any given year. Rather, 

these stochastic figures denote the probability of oil exceeding identified thresholds at any modeled time step 

(5-minute for inshore and 15-minute for offshore scenarios) over the entire modeled duration, for each point 

within the modeled domain, assuming a discharge were to occur at some point in time.  

The minimum time footprints correspond with the associated probability of oil exposure map. Each figure 

illustrates the shortest amount of time required (from the initial discharge) for each point within the footprint to 

exceed the defined threshold. The time reported is the minimum value for each point considering the entire 

ensemble of trajectories. Together, probability and minimum time figures can be interpreted together to read: 

“There is an X% probability that oil is predicted to exceed the identified threshold at a specific location (i.e., grid 

cell), and this exceedance could occur in as little as Y days”.  

All figures depict data where the probability of a region exceeding the threshold is >1%. Figures depicting 

stochastic results are provided for surface oil thickness >0.1 g/m2 and shoreline contact >1 g/m2 for all modeled 

scenarios (Figure 7-1 through Figure 7-48). Each of these values aligns with the lower and more conservative 

thresholds of potential impact to the socioeconomic resources and do not correspond to the higher thresholds 

for potential ecological effects (Section 2.1.2). As an example, the threshold used in the surface oil thickness 

figures correspond to a silver or rainbow sheen, scattered tar balls, or widely scattered patches of thicker oil. 
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 Sabine Lake 

7.1.1.1 Probability of Surface Oil Thickness and Minimum Time to Threshold 
Exceedance 

 

Figure 7-1. Probability of surface oil thickness >0.1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 11,747 m3 discharge of Bakken at the MP-19.5 in Sabine Lake (C-1).  
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Figure 7-2. Probability of surface oil thickness >0.1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 11,747 m3 discharge of CLB at the MP-19.5 in Sabine Lake (C-2).  
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7.1.1.2 Probability of Shoreline Oiling and Minimum Time to Threshold Exceedance 

 

Figure 7-3. Probability of shoreline contact >1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 11,747 m3 discharge of Bakken at the MP-19.5 in Sabine Lake (C-1). 
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Figure 7-4. Probability of shoreline contact >1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 11,747 m3 discharge of CLB at the MP-19.5 in Sabine Lake (C-2). 
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 Neches River 

7.1.2.1 Probability of Surface Oil Thickness and Minimum Time to Threshold 
Exceedance 

 

Figure 7-5. Probability of surface oil thickness >0.1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 3,956 m3 discharge of Bakken at the MP-1 in the Neches River (C-3).  
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Figure 7-6. Probability of surface oil thickness >0.1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 3,956 m3 discharge of CLB at the MP-1 in the Neches River (C-4).  
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7.1.2.2 Probability of Shoreline Oiling and Minimum Time to Threshold Exceedance 

 

Figure 7-7. Probability of shoreline contact >1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 3,956 m3 discharge of Bakken at the MP-1 in the Neches River (C-3).  
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Figure 7-8. Probability of shoreline contact >1 g/m2 (left) and minimum time to threshold exceedance (right) 
resulting from the 3,956 m3 discharge of CLB at the MP-1 in the Neches River (C-4).  
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 Offshore GOM 

7.1.3.1 Probability of Surface Oil Thickness and Minimum Time to Threshold 
Exceedance 

 

Figure 7-9. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 333,873 m3 discharge of Bakken at the WC 433 VLCC (O-1). 
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Figure 7-10. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 333,873 m3 discharge of CLB at the WC 433 VLCC (O-2). 
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Figure 7-11. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 159 m3 discharge of Bakken at the WC 433 Platform (O-3). 
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Figure 7-12. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 159 m3 discharge of CLB at the WC 433 Platform (O-4). 
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Figure 7-13. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 406 m3 discharge of Diesel Fuel at the WC 433 SPMS (O-5). 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 126 

 

Figure 7-14. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 7,773 m3 discharge of HFO 380 at the WC 433 VLCC (O-6). 
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Figure 7-15. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 789 m3 discharge of Bakken at the WC 433 PLEM (O-7). 
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Figure 7-16. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 789 m3 discharge of CLB at the WC 433 PLEM (O-8). 
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Figure 7-17. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 81,632 m3 discharge of Bakken at the WC 44 Nearshore Pipeline (O-9). 
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Figure 7-18. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 81,632 m3 discharge of CLB at the WC 44 Nearshore Pipeline (O-10). 
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Figure 7-19. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 98,439 m3 discharge of Bakken at the WC 44 Nearshore Pipeline (O-9a). 
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Figure 7-20. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 98,439 m3 discharge of CLB at the WC 44 Nearshore Pipeline (O-10a). 
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Figure 7-21. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 333,873 m3 discharge of Bakken at the WC 509 VLCC (O-11). 
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Figure 7-22. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 333,873 m3 discharge of CLB at the WC 509 VLCC (O-12). 
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Figure 7-23. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 159 m3 discharge of Bakken at the WC 509 Platform (O-13). 
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Figure 7-24. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 159 m3 discharge of CLB at the WC 509 Platform (O-14). 
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Figure 7-25. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 406 m3 discharge of Diesel Fuel at the WC 509 SPMS (O-15). 
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Figure 7-26. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 7,773 m3 discharge of HFO 380 at the WC 509 VLCC (O-16). 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 139 

 

Figure 7-27. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 800 m3 discharge of Bakken at the WC 509 PLEM (O-17). 
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Figure 7-28. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 800 m3 discharge of CLB at the WC 509 PLEM (O-18). 
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7.1.3.2 Probability of Shoreline Oiling and Minimum Time to Threshold Exceedance 

 

Figure 7-29. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 333,873 m3 discharge of Bakken at the WC 433 VLCC (O-1). 
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Figure 7-30. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 333,873 m3 discharge of CLB at the WC 433 VLCC (O-2). 
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Figure 7-31. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 159 m3 discharge of Bakken at the WC 433 Platform (O-3). 
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Figure 7-32. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 159 m3 discharge of CLB at the WC 433 Platform (O-4). 
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Figure 7-33. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 406 m3 discharge of Diesel Fuel at the WC 433 SPMS (O-5). 
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Figure 7-34. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 7,773 m3 discharge of HFO 380 at the WC 433 VLCC (O-6). 
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Figure 7-35. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 789 m3 discharge of Bakken at the WC 433 PLEM (O-7). 
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Figure 7-36. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 789 m3 discharge of CLB at the WC 433 PLEM (O-8). 
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Figure 7-37. Probability of surface oil thickness >0.1 g/m2 (top) and minimum time to threshold exceedance 
(bottom) resulting from the 81,632 m3 discharge of Bakken at the WC 44 Nearshore Pipeline (O-9). 
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Figure 7-38. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 81,632 m3 discharge of CLB at the WC 44 Nearshore Pipeline (O-10). 
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Figure 7-39. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 98,439 m3 discharge of Bakken at the WC 44 Nearshore Pipeline (O-9a). 
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Figure 7-40. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 98,439 m3 discharge of CLB at the WC 44 Nearshore Pipeline (O-10a). 
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Figure 7-41. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 333,873 m3 discharge of Bakken at the WC 509 VLCC (O-11). 
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Figure 7-42. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 333,873 m3 discharge of CLB at the WC 509 VLCC (O-12). 
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Figure 7-43. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 159 m3 discharge of Bakken at the WC 509 Platform (O-13). 
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Figure 7-44. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 159 m3 discharge of CLB at the WC 509 Platform (O-14). 
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Figure 7-45. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 406 m3 discharge of Diesel Fuel at the WC 509 SPMS (O-15). 
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Figure 7-46. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 7,773 m3 discharge of HFO 380 at the WC 509 VLCC (O-16). 
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Figure 7-47. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 800 m3 discharge of Bakken at the WC 509 PLEM (O-17). 
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Figure 7-48. Probability of shoreline contact >1 g/m2 (top) and minimum time to threshold exceedance (bottom) 
resulting from the 800 m3 discharge of CLB at the WC 509 PLEM (O-18). 
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 Summary of Stochastic Results 
A total of 145 unique model simulations were conducted for each stochastic analysis for each hypothetical 

discharge scenario (24 total stochastic scenarios) for a total of 3,480 individual model simulations, all of which 

representing unique discharge events. For the inshore cases, oil discharge events were simulated for 14-days, 

while the offshore discharge events were simulated for 60-days. The total model durations of 14- and 60-days 

were used to track the trajectory and fate of spilled product as it continued to be transported and weather after 

the discharge had stopped without mitigation or measures to contain/clean up the spill. As stated previously, 

stochastic figures do not imply that the entire colored area would be covered with oil in the event of a single 

discharge (or even at a given point in time within a single discharge), nor do they provide any information on 

the quantity of oil in each area. The large footprints of predicted threshold exceedance in probability results are 

not the expected exposure from any single discharge of oil, but rather areas where exposure above the 

threshold could occur at any time within any of the 145 individual trajectories, within the model domain. 

7.1.4.1 Inshore / Coastal Scenarios 

Stochastic analyses of potential surface oil and shoreline oiling for the Sabine Lake cases (Figure 7-1 through 

Figure 7-4) predict areas directly southwest and west of the discharge location as having the highest potential 

likelihood to exceed socio-economic thresholds. This is the result of winds and tides generally forcing oil out of 

the Lake. For the Neches River cases (Figure 7-5 through Figure 7-8) the oil was most likely to be transported 

upriver to the northwest with flood tides and to the southeast downriver and into Sabine Lake with ebb tides. In 

general, the subsurface discharges modeled into Sabine Lake were predicted to have broader areas 

experiencing a higher likelihood of threshold exceedances, when compared to the discharges modeled in the 

Neches River (Figure 7-1 through Figure 7-4 versus Figure 7-5 through Figure 7-8). Overall, the larger volume 

scenarios modeled at the Sabine Lake location resulted higher probabilities of threshold exceedance for both 

surface oil and shoreline oiling when compared to the smaller volume Neches River discharge scenarios. In 

addition, variable winds, tidal cycling, and gravitational spreading had the potential to result in further transport 

of the oil across the lake surface, as opposed to the confined channel of the Neches River. All scenarios have 

the potential for surface oil to reach the GOM. 

In general, the probability of exposure to surface oil >0.1 g/m2 was predicted to be highest in the immediate 

vicinity of the discharge locations. For Bakken, >50% of the surface area of Sabine Lake was predicted to 

exceed surface oil threshold more than half of the time (Figure 7-1). Due to the more persistent nature of CLB, 

>75% of Sabine Lake would be predicted to exceed the surface oil thickness threshold more than half of the 

time (Figure 7-2). The minimum time of exposure to surface oil >0.1 g/m2 was typically 0.5 day for most of 

Sabine Lake, due to potential transport of surface oil by currents, winds, and gravitational spreading. However, 

over the course of 1-2 days, oil may be transported through Sabine Pass and out into the GOM. Similar to the 

Sabine Lake scenarios, the CLB discharges simulated in the Neches River (C-4) were predicted to have larger 

areas of surface oil threshold exceedance than the simulated Bakken discharges (C-3) (Figure 7-5 and Figure 

7-6). Lower probabilities of surface oil throughout Sabine Lake were predicted for the Neches River releases, 

as heavy shoreline oiling was predicted due to variable winds and sinuous nature of the river channel pinning 

large portions of the release to shorelines. Because of the low river flow, relative to the tidal forcing, releases 

into the Neches River were predicted to remain confined within a roughly 10 km region centered around the 

hypothetical release location. However, oil was predicted to reach Sabine Lake in as little as two days.  

Due to the volatile nature of Bakken lower probabilities of surface oil exceedance were predicted at greater 

distance from the release location, when compared to CLB. Therefore, scenarios modeled with Bakken (C-1 

and C-3) generally had smaller areas of the highest probabilities of threshold exceedance for surface oil, when 

compared to the scenarios modeled with the same volumes of CLB (C-2 and C-4).  
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The predicted length of shoreline susceptible to oiling above the identified threshold of 1 g/m2 depended heavily 

upon the inshore discharge location, the modeled oil type, and the environmental conditions at the time of the 

release. Shoreline oiling probabilities (Figure 7-3, Figure 7-4, Figure 7-7, and Figure 7-8) were closely related 

to the surface oil footprints (Figure 7-1, Figure 7-2, Figure 7-5, and Figure 7-6), where shoreline regions 

adjacent to high surface oil probabilities were also predicted to result in high potential (probability) of shoreline 

oiling. In general, shoreline oiling was a major fate pathway in all inshore / coastal scenarios. For the Sabine 

Lake scenario (C-1 and C-2), oil was most likely to strand on the western shorelines. Due to the more persistent 

nature of CLB, higher probabilities of shoreline oiling were predicted throughout the model domain, when 

compared to the Bakken scenario. Similar to the surface oil timing, central and northern Sabine Lake shorelines 

were predicted to be impacted in <0.5 day, with the remaining shorelines out to Sabine Pass impacted in as 

little as 1-2 days. For the Neches River scenarios (C-3 and C-4), shoreline oiling probabilities >50% were 

predicted within a 10 km region centered around the hypothetical release location for Bakken, with slightly 

higher probabilities for CLB.  Again, the higher potential for shoreline oiling for the CLB was the result of CLB 

being a more persistent oil, when compared to Bakken. The minimum time to shoreline oil was predicted to be 

<0.5 day, along this 10 km region, with the Intracoastal Waterway being impacted in 2-5 days (from north to 

south), with some potential for oil leaving Sabine Pass after 6-8 days. 

7.1.4.2 Offshore Scenarios 

For the offshore scenarios, surface oil and shoreline oiling exposure were heavily dependent on the discharge 

location, oil type, and discharge volume that was modeled. Overall, scenarios modeled with the Bakken (O-1, 

O-3, O-7, O-9, O-9a, O-11, O-13, and O-17) and the Diesel Fuel (O-5 and O-15) exhibited smaller impacts for 

surface oil exposure and shoreline oiling threshold exceedances, when compared to scenarios modeled with 

the far more persistent CLB (O-2, O-4, O-8, O-10, O-10a, O-12, O-14, and O-18) and HFO 380 (O-6 and O-

16). In essence, Bakken and diesel were predicted to evaporate rapidly, resulting in lower potential for threshold 

exceedances of surface oil and therefore lower potential for shoreline oiling.  

As would be expected, larger release volumes (e.g., VLCC WCD scenarios O-1, O-2, O-11, and O-12) were 

predicted to result in the larger surface oil probability footprints and therefore more shorelines were predicted 

to be susceptible to stranding oil (Figure 7-9, Figure 7-10, Figure 7-21, Figure 7-22). In addition, the most 

persistent HFO 380 oil was also predicted to have a very large footprint as it was predicted to remain on the 

surface for very long periods of time (Figure 7-14 and Figure 7-26). For discharges that occurred at the platform 

and CALM locations, furthest offshore, the highest potential likelihoods of surface oil threshold exceedances 

were relatively radial around the release location, with the potential for eastward and particularly westward 

transport at much greater distances and lower probabilities (Figure 7-9 through Figure 7-12; Figure 7-14 

through Figure 7-16; Figure 7-21 through Figure 7-24; Figure 7-26 through Figure 7-28). For the discharges 

that were simulated at the nearshore location, the highest potential likelihood for threshold exceedances were 

predicted to the west (Figure 7-17 through Figure 7-20). 

Scenarios modeled with HFO 380 (O-6 and O-16), which were modeled with moderate discharge volumes 

(48,891 bbl, relative to the 2,100,000 bbl VLCC discharges) with the most persistent oil, were predicted to 

exhibit the largest areas of <10% probability of threshold exceedance. These footprints covered nearly all of 

the GOM and were attributed with the persistent surface oil having the high potential to be transported by many 

different currents and winds.  

Similar to the Inshore / Coastal scenarios, the shoreline oiling was directly related to the surface oil footprints. 

Oil was predicted to make contact with shorelines in as little as 2-5 days for offshore scenarios and within <0.5 

day for the nearshore (O9, O-10, O-9a, and O10a) release scenarios (Figure 7-29 through Figure 7-48). For 

locations further west, oil may take as many as 30-40 days to reach portions of Texas, or 40-60 days for the 

furthest areas predicted to have the potential for effects in eastern Mexico if unmitigated (Figure 7-46). The 

highest probability of shoreline oil exposure was observed during the nearshore scenarios, where probabilities 

of 90% and greater were observed just north of the discharge locations. 
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Scenarios modeled with the CLB (O-2, O-4, O-8, O-10, O-10a, O-12, O-14, O-18) and HFO 380 (O-6 and O-

16) were predicted to have the largest potential to impact shorelines spanning from Mississippi all the way to 

eastern Mexico. 

7.2 Deterministic Trajectory and Fates Results 
This section provides modeled predictions of the expected trajectory and fate of oil for identified representative 

deterministic oil discharge scenarios under multiple environmental conditions from hypothetical discharge 

locations including the Neches River, Sabine Lake, nearshore, and offshore GOM. Trajectory and fates results 

are provided for modeled discharges. Scenarios investigated are the 95th percentile “worst case” shoreline 

exposure simulations.  

The hydrocarbon trajectory provides a history of predicted oil transport throughout the modeled domain in both 

time and space. Components of the oil are tracked as entrained droplets of oil, dissolved hydrocarbons in the 

water column, floating surface oil, stranded oil on shorelines, and oil in the sediment. The following points 

describe the types of figures produced through the modeling process and the information they portray. 

Summary figures of trajectory and fate are provided for each individual deterministic case.  

The results of the deterministic simulations provide a history of the fate and weathering of oil over the duration 

of the discharge (mass balance), expressed as the percentage of discharged oil on the water surface, on the 

shoreline, on the sediment, evaporated, entrained in the water column, and degraded. Mass balance 

information at the end of the 14- or 60-day simulation is provided in tables for each of the discharge scenarios 

in terms of percent of oil spilled. Each simulation has its own mass balance, surface oil thickness, in-water 

concentration of dissolved hydrocarbons, and shoreline length oiled, reported individually. The maximum 

cumulative footprints of the individual trajectories over the course of the entire modeled duration will depict the 

total area over which floating surface oil has been transported, the total length of shoreline being oiled with a 

mass of oil, and the maximum concentration of dissolved hydrocarbons throughout the water column at every 

point at all modeled time steps. A set of four figures is provided for each modeled scenario, described below. 

Each of the six identified outputs represent composite or cumulative views over the 14- or 60-day modeled time 

period. To elucidate the time varying nature of each discharge, an example single figure has been provided for 

one of the representative worst-case scenarios (O-16), which includes the predicted footprint of oil at five 

distinct time steps. These “snapshots” in time are much smaller than the cumulative or composite footprints 

provided in other figures. The reader should therefore take into consideration the much smaller footprint that is 

predicted at each point in time when reviewing the composite figures (Figure 7-49 versus  

Figure 7-135). This example could be considered the worst-case of each modeled scenario as HFO 380 is the 

most persistent oil simulated in this assessment. 

The maps provided below are color-coded indications of the predicted relative magnitude of maximum 

contamination (i.e., thickness, concentration, or mass) throughout the model domain as well as the potential 

timing, including initial, peak, and final contamination. Taken together, these output figures provide the 

predicted timing, level of contamination, and variability for each modeled scenario.  

1. Mass Balance: Provide an estimate of the oil’s weathering and fate for a specific run for the entire 

model duration as a fraction of the oil spilled up to that point. For example, the oil that evaporates (i.e., 

fate process) ends up in the atmosphere (i.e., environmental compartment). Components of the oil 

tracked over time include the amount of oil on the water surface, the total entrained hydrocarbons in 

the water column, the amount of oil on shore, the oil evaporated into the atmosphere, the oil in 

sediments, and the amount of oil that has decayed (accounts for both photo-oxidation and 

biodegradation). 

2. Surface Oil Thickness Maps: Maps depicting the predicted cumulative footprint of maximum floating 

surface oil thickness (µm) at every point in space over all time steps for each of the individual spill 
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simulations. The color-coded value depicted is the maximum associated thicknesses (µm) for each 

point within the model domain at any time.  

3. Water Column Dissolved Hydrocarbon Concentration Maps: Maps depicting the predicted 

cumulative footprint of maximum water column concentration of DHC (µg/L) at every point in space 

over all time steps for each of the individual 14- or 60-day spill simulations. The color-coded value 

depicted is the maximum concentration over all modeled time steps at any depth throughout the water 

column is reported (i.e., vertical maximum). Dissolved aromatics are the portion of the oil having the 

greatest potential to affect water column biota, and the footprints were typically smaller than the extent 

of total oil contamination in the water column. Water column DHC figures depict only concentrations 

≥1 µg/L. Concentrations below 1 µg/L are considered low and result in little water column impact.  
4. Shoreline and Sediment Impact Maps: Maps depicting the predicted total mass of oil deposited 

onto the shoreline and on sediments over the course of each of the 14- or 60-day spill simulations. 

Note that 1 µm thickness is equivalent to 1 g/m2. 

 

For each of the cumulative maps, it is important to recognize that all time steps are represented within these 

figures and the observed contamination at any one point in time would never be as large as these cumulative 

maximums. These composite figures have been provided to illustrate the maximum value for each result at 

every point in space over all modeled time steps. In reality, there would not be enough oil discharged to achieve 

the depicted level of coverage at all locations at the same time.  
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Figure 7-49. Example showing the predicted surface oil thickness for the 95th percentile shoreline exposure 
scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 509 (O-16). Note that the 
predicted thicknesses are “snapshots” in time and are much smaller than the provided composite or cumulative 
figure (Figure 7-135). 
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 Inshore Scenarios (Sabine Lake and Neches River) 
The results for the identified 95th percentile (i.e., credible worst-case) shoreline exposure scenarios modeled in 

the Neches River and Sabine Lake are provided (Table 7-1 to Table 7-3; Figure 7-50 to Figure 7-65). Note that 

the modeled discharge dates for the representative scenarios at each site differed (Table 2-4). Each of the 

individual trajectories contained within each stochastic analysis represented a different start date/time and 

associated environmental conditions (e.g., wind and current speed and direction), which therefore resulted in 

different predicted outcomes. The Bakken discharges in the Neches River (MP-1) were modeled in March 2010 

and for Sabine Lake (MP-19.5) in October 2008. The CLB discharges were modeled in March of 2010 for the 

Neches River and November 2008 for Sabine Lake.  

The mass balance predictions for the inshore 95th percentile shoreline length exposure scenarios modeled in 

the Neches River and Sabine Lake depict the fate of the oil over the 14-day modeled period from a hypothetical 

discharge at the sediment/water interface. During the simulation, the light and volatile Bakken oil was predicted 

to evaporate rapidly to the atmosphere, with nearly half of the release in the atmosphere within the first day 

(Figure 7-50 and Figure 7-58). As the oil was predicted to evaporate, contact the shoreline, or re-entrain into 

the water column due to wind induced surface breaking waves, the amount of oil floating on the surface 

decreased. At the end of the 14-day simulations approximately 49% of discharged oil was predicted to 

evaporate, 31-35% entrained in the water column, 11% stranded on the shoreline, 6-9% degraded, <0.1% 

adhered to the sediment as sunken oil, and ≤0.01% was predicted to remain floating on the water surface 

(Table 7-1). Because of the heavier and more persistent nature of the CLB, less than one third of the release 

was predicted to evaporate by the second day (Figure 7-54 and Figure 7-62). At the end of the representative 

scenarios modeled with the heavier CLB, 29-51% of the release was predicted to strand on shorelines, 31-35% 

of the release evaporated to the atmosphere, <2% was predicted to have degraded, <1% remained entrained 

in the water column , <1% adhered to the sediment, and <0.01% and 4%  remained on the water surface (Table 

7-1). Approximately 14% of the CLB release into Sabine Lake was predicted to leave the model domain as oil 

exited Sabine Pass out into the GOM. 

Note that the degradation rates modeled here and presented in Section 4.2.7 may be different than would 

naturally occur. This assessment was designed to bound the realistic range of potential effects using published 

data. There is the potential that the degradation rates in may be different than those modeled. However, even 

if the degradation rates were reduced significantly, the findings would be similar.  

Interactions between discharged oil and soils, shorelines, and suspended material in the water column can 

increase the density of the combined oil-mineral-aggregates to the point they may sink. In nearly all of the 

modeled scenarios, oil was predicted to have some amount interaction (e.g., adsorption) with particulate matter 

within the water column (SPM or TSS) that would result in the formation of OMA or OPA and ultimately the 

sedimentation of oil. However, in all inshore scenarios modeled in the Neches River and Sabine Lake, sediment 

oil was predicted to make up less than 0.64% of the total volume of discharged oil (Table 7-1).  

Oil was predicted to rise rapidly through the water column for the inshore scenarios, forming surface slicks of 

heavy black oil and black oil (Figure 7-51, Figure 7-55, Figure 7-59, and Figure 7-63). As time progressed 

through the simulation, the lighter Bakken was predicted to thin to dark brown and dull brown sheens, while the 

heavier CLB remained at thicker values for longer periods of time. Surface oil from the Sabine Lake scenarios 

was predicted to reach the GOM. For the Neches River releases, only small amounts of Bakken were predicted 

to enter the GOM, while the CLB was not. This was the result of larger volumes of CLB predicted to strand on 

shorelines, when compared to the Bakken.  

In-water concentrations of dissolved hydrocarbons were predicted to be elevated near the release location, 

with values exceeding 500 µg/L for all scenarios (Figure 7-52, Figure 7-56, Figure 7-60, and Figure 7-64). Due 

to the higher soluble content of Bakken and the ease at which this lighter oil entrained into the water column 

(Table 4-12 and Table 4-13), higher concentrations were predicted over larger areas, when compared to CLB 
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scenarios. Generally, Bakken concentrations exceeded 50 µg/L throughout affected regions within the model 

domain, while CLB concentrations were <25 µg/L. Locally elevated concentrations were predicted to occur at 

points in time when wind-induced surface breaking waves entrained oil and confined regions such as the 

Neches River and Intercoastal Waterway (Figure 7-52). Dissolved hydrocarbons were predicted to enter the 

GOM from all scenarios.  

Shoreline oiling was predicted to be extensive for each of representative inshore releases (Figure 7-53, Figure 

7-57, Figure 7-61, and Figure 7-65). For the Sabine Lake releases, oil was predicted to strand on the western 

and southern shorelines of Sabine Lake and throughout Sabine Pass. While less volume of Bakken was 

predicted to strand on shorelines, relative to CLB (Table 7-1), similar lengths of shoreline were predicted to be 

affected (Table 7-3) between each simulation. The exception to this was for shoreline oil in the >100 g/m2 

range, where CLB was predicted to affect greater total lengths of shoreline. Larger amounts of CLB were 

predicted to strand on shorelines due to the higher viscosity and therefore thicker oil, as well as the presence 

of tarballs in the weathered oil. Small amounts of oil were predicted to settle out on the sediment typically at 

concentrations <0.01 g/m2. 

The maximum surface areas swept by >0.1 g/m2 and >10 g/m2 of floating oil for the worst-case trajectories 

(Table 7-2) and total shoreline length oiled (Table 7-3) provide indices of potential impact to socioeconomic 

uses and wildlife (e.g., birds, mammals and sea turtles). Adverse effects would be related both to the area 

exposed to oil and the duration oil would be on the water. Adverse impacts to biological resources would be 

proportional to the areas affected but be subject to the organism being present when the oil sweeps the areas 

and the organism’s sensitivity to being exposed to floating oil. It is important to note that the individual 

simulations modeled have varying start dates and varying environmental conditions encountered throughout 

the simulation, and therefore direct comparisons between the runs may not be applicable. In general, the CLB 

was more persistent and viscous, thicker oil on the surface and on shorelines as well as the formation of tar 

balls, which led to more shoreline oil contamination when compared to the Bakken. Bakken was lighter in nature 

and resulted in larger amounts evaporating to the atmosphere more rapidly than CLB, and also resulted in 

higher concentrations of dissolved hydrocarbons in the water column. 

 

Table 7-1. Summary of the mass balance information at the inshore Sabine Lake and Neches River locations at 
the end of the 14-day simulations. All values represent a percent of the total volume of spilled oil at the last 
modeled time step. 

Scenario 
ID 

Discharge 
Site Oil Type 

Discharge 
Volume 

(m3) 

Summary of Mass Balance Information at the End of the 14-day Simulations  
(Percent of Discharged Oil) 

Surface  
(%) 

Evaporated  
(%) 

Water Column  
(%) 

Sediment  
(%) 

Ashore 
 (%) 

Degraded  
(%) 

Outside 
Grid (%) 

C-1 Sabine 
Lake  

MP-19.5 

Bakken 11,747 0.01 48.04 35.05 0.06 10.78 6.05 0.00 
C-2 CLB 11,747 3.92 29.15 0.77 <0.01 50.53 1.42 14.20 
C-3 Neches 

River 
MP-1 

Bakken 3,956 <0.01 49.03 31.13 0.02 10.97 8.64 0.21 
C-4 CLB 3,956 <0.01 29.57 <0.01 0.11 69.25 1.07 0.00 
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Table 7-2. Maximum surface area swept by >0.1 g/m2 and >10 g/m2 of floating oil for the representative 
simulations at the Neches River and Sabine Lake discharge locations throughout the 14-day simulation period. 

Scenario ID 
Discharge 

Site 
Oil Type 

Discharge 
Volume 

(m3) 

Maximum Swept Surface Area Exposure Exceeding a Threshold 

>0.1 g/m2 

(mi2-days) 
>10 g/m2 

(mi2-days) 
>0.1 g/m2 

(km2-days) 

>10 g/m2 

(km2-days) 

C-1 Sabine Lake 
MP-19.5 

Bakken 11,747 25 24 66 63 

 C-2 CLB 11,747 28 28 72 72 

C-3 Neches 
River 
MP-1 

Bakken 3,956 <1 <1 1 1 

C-4 CLB 3,956 4 4 10 10 

 
Table 7-3. Total shore lengths exceeding 1, 10, and 100 g/m2 for the inshore 95th percentile shoreline exposure 
scenarios.  

Scenario 
ID 

Discharge 
Site 

Oil Type 
Discharge 

Volume 
(m3) 

Total Shore Length Oiled (miles) Total Shore Length Oiled (km) 

>1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 
g/m2 

C-1 Sabine Lake 
MP-19.5 

Bakken 11,747 66 65 31 107 105 49 

C-2 CLB 11,747 94 94 62 151 151 99 

C-3 Neches River 
MP-1 

Bakken 3,956 17 14 3 27 23 5 

C-4 CLB 3,956 21 21 19 34 34 30 
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Figure 7-50. Oil mass balance graph for the 95th percentile shoreline exposure scenario for the 11,747 m3 
discharge of Bakken from MP-19.5 in Sabine Lake modeled on Oct. 1, 2008 (C-1). Sediment oil is depicted but 
makes up ≤1% of the total discharge volume. 
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Figure 7-51. Composite of maximum surface oil thickness over 14 days for the 95th percentile shoreline exposure 
scenario for the 11,747 m3 discharge of Bakken from MP-19.5 in Sabine Lake (C-1). This represents the maximum 
thickness of surface oil that was predicted for each location. The maximum levels of coverage would not be 
observed at each location simultaneously. 
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Figure 7-52. Composite of maximum total dissolved hydrocarbon concentration over 14 days for 95th percentile 
shoreline exposure scenario for the 11,747 m3 discharge of Bakken from MP-19.5 in Sabine Lake (C-1). This 
represents the maximum in-water contamination that was predicted for each location. The maximum levels of 
exposure would not be observed at each location simultaneously. 
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Figure 7-53. Maximum total hydrocarbon mass on the shore and on sediments after 14 days for the 95th 
percentile shoreline exposure scenario for the 11,747 m3 discharge of Bakken from MP-19.5 in Sabine Lake (C-1).  
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Figure 7-54. Oil mass balance graph for the 95th percentile shoreline exposure scenario for the 11,747 m3 
discharge of CLB from MP-19.5 in Sabine Lake modeled on Nov. 1, 2006 (C-2). Sediment oil is depicted, but 
makes up ≤1% of the total discharge volume. 
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Figure 7-55. Composite of maximum surface oil thickness over 14 days for the 95th percentile shoreline exposure 
scenario for the 11,747 m3 discharge of CLB from MP-19.5 in Sabine Lake (C-2). This represents the maximum 
thickness of surface oil that was predicted for each location. The maximum levels of coverage would not be 
observed at each location simultaneously. 
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Figure 7-56. Composite of maximum total dissolved hydrocarbon concentration over 14 days for the 95th 
percentile shoreline exposure scenario for the 11,747 m3 discharge of CLB from MP-19.5 in Sabine Lake (C-2). 
This represents the maximum in-water contamination that was predicted for each location. The maximum levels 
of exposure would not be observed at each location simultaneously. 
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Figure 7-57. Maximum total hydrocarbon mass on the shore and on sediments after 14 days for the 95th 
percentile shoreline exposure scenario for the 11,747 m3 discharge of CLB from MP-19.5 in Sabine Lake (C-2).   
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Figure 7-58. Oil mass balance graph for the 95th percentile shoreline exposure scenario for the 3,956 m3 
discharge of Bakken from MP-1 in the Neches River modeled on Mar. 1, 2010 (C-3). Sediment oil is depicted but 
makes up ≤1% of the total discharge volume. 
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Figure 7-59. Composite of maximum surface oil thickness over 14 days for the 95th percentile shoreline exposure 
scenario for the 3,956 m3 discharge of Bakken from MP-1 in the Neches River (C-3). This represents the 
maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-60. Composite of maximum total dissolved hydrocarbon concentration over 14 days for the 95th 
percentile shoreline exposure scenario for the 3,956 m3 discharge of Bakken from MP-1 in the Neches River (C-
3). This represents the maximum in-water contamination that was predicted for each location. The maximum 
levels of exposure would not be observed at each location simultaneously. 
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Figure 7-61. Maximum total hydrocarbon mass on the shore and on sediments after 14 days for the 95th 
percentile shoreline exposure scenario for the 3,956 m3 discharge of Bakken from MP-1 in the Neches River (C-
3).   
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Figure 7-62. Oil mass balance graph for the 95th percentile shoreline exposure scenario for the 3,956 m3 
discharge of CLB from MP-1 in the Neches River modeled on Mar. 15, 2010 (C-4). Sediment oil is depicted but 
makes up ≤1% of the total discharge volume. 
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Figure 7-63. Composite of maximum surface oil thickness over 14 days for 95th percentile shoreline exposure 
scenario for the 3,956 m3 discharge of CLB from MP-1 in the Neches River (C-4). This represents the maximum 
thickness of surface oil that was predicted for each location. The maximum levels of coverage would not be 
observed at each location simultaneously.  
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Figure 7-64. Composite of maximum total dissolved hydrocarbon concentration over 14 days for the 95th 
percentile shoreline exposure scenario for the 3,956 m3 discharge of CLB from MP-1 in the Neches River (C-4). 
This represents the maximum in-water contamination that was predicted for each location. The maximum levels 
of exposure would not be observed at each location simultaneously. 
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Figure 7-65. Maximum total hydrocarbon mass on the shore and on sediments after 14 days for the 95th 
percentile shoreline exposure scenario for the 3,956 m3 discharge of CLB from MP-1 in the Neches River (C-4).  

 

 Offshore Scenarios (GOM) 

The results for the identified 95th percentile (i.e., credible worst-case) shoreline exposure scenarios modeled in 

the offshore GOM are provided (Table 7-4 to Table 7-6; Figure 7-66 to Figure 7-145). Note that the modeled 

discharge dates for the representative scenarios at each site differed (Table 2-5). Each of the individual 

trajectories contained within each stochastic analysis represented a different start date/time and associated 

environmental conditions (e.g., wind and current speed and direction), which therefore resulted in different 

predicted outcomes.  

Offshore scenarios were impacted by three main factors including oil type, discharge volume, and proximity to 

shore. In general, the volatility and volatile/soluble content of each oil type defined the persistence of the 

product within the environment, with more persistent oils resulting in more extensive surface slicks and longer 

lengths of shorelines affected. From least persistent and most volatile to most persistent and least volatile, the 

simulated oils include diesel, Bakken, CLB, and then HFO 380. As discharge volume increased, the predicted 

footprints and total lengths of shorelines affected also increased. For nearshore discharges, longer lengths of 

shoreline were predicted to have continuous oiling with larger amounts of oil on shore. 

The mass balance predictions for the offshore 95th percentile shoreline length exposure scenarios modeled in 

the nearshore and offshore GOM depict the fate of the oil over the 60-day modeled period from numerous types 
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of hypothetical discharges. Oil mass balance graphs were broken out by oil type this included Bakken, CLB, 

Diesel Fuel and HFO 380. During each simulation, the volatility of the product defined its rate of evaporation. 

Bakken was predicted to evaporate rapidly to the atmosphere, with nearly half of the discharge in the 

atmosphere within the first day. Although more volatile than Bakken, the diesel had less evaporation due to the 

entrainment and ultimate degradation of the extremely low viscosity fuel. Generally, only one third of the CLB 

was predicted to evaporate, while <8% of the HFO 380 did.  

As the oil was predicted to evaporate, contact the shoreline, or re-entrain into the water column due to wind 

induced surface breaking waves, the amount of oil floating on the surface decreased. At the end of the Bakken 

simulations, <0.01% of the discharged oil was predicted to remain floating on the water surface, while 

approximately 24%-66% of discharged oil evaporated, 14%-28% entrained in the surface few meters of the 

water column, <1% adhered to the sediment, 0%-1.7% made contact with the shoreline, and 16%-61% 

degraded (Table 7-4). The heavier and less volatile CLB modeled was predicted to weather quickly and form 

tar balls, which remained in the near-surface wind-wave mixed layer. After 60 days of the simulations, between 

0% and 41% was predicted to remain floating on the water surface, while 28%-37% of the discharged oil 

evaporated, 0%-8% entrained in the water column, approximately 1% or less is adhered to sediment, <0.01% 

made contact with the shoreline, and 8%-26% degraded. The simulations of a service fuel spill at the SPMS 

were modeled using a diesel fuel. The majority of the diesel fuel was predicted to evaporate to the atmosphere 

or degrade for both modeled scenarios. After the 60-day simulation period, no diesel fuel was predicted to 

remain on the surface as floating oil, 33%-37% had evaporated to the atmosphere, approximately 6% remained 

entrained in the water column, <1% was adhered to the sediment, up to 62% made contact with the shoreline, 

and 4%-23% was degraded. In the scenarios modeled with the dense and persistent HFO 380, oil was 

predicted to be entrained in the water column rapidly, but made contact with the shore as the simulations moved 

forward in time. By the end of the 60-day simulation period , <0.01% of the HFO 380 was predicted to remain 

on the water surface, 7%-8% was predicted to evaporate to the atmosphere, <0.01% was entrained in the water 

column, <0.01% had adhered to sediment, 86%-87% made contact with the shore, and 6% was degraded.  

Surface oil thickness was generally greatest near the discharge locations with thinner sheens further away as 

the discharge were spread and dispersed naturally over greater areas forming patchy and discontinuous slicks. 

Large amounts of variability were predicted in surface oil thickness depending on the release volume and 

product type. However, generally diesel and Bakken formed thin colorless and silver, rainbow, and dull brown 

sheens, while the more persistent CLB and HFO 380 formed thicker patches of dark brown sheen, black oil, 

and even heavy black oil. In addition to the oil properties, the energy of the receiving environment played a 

major role with periods of greater turbulence (e.g., wind and waves) having the potential to disperse or entrain 

more oil and result in more disperse patches or slicks.  

In water concentrations followed the same trend as surface oil with greatest concentrations generally around 

the discharge location. Fresh oil at the start of each simulation had a chance to dissolve, prior to evaporation 

and dispersion/degradation decreasing the concentration. Concentrations exceeding 500 µg/L were likely for 

large volume discharges, 100 µg/L more likely for the mid-sized discharges, and 1-10 µg/L for the smallest 

discharges. Elevated concentrations typically fell to <10 µg/L over the majority of the affected area beyond the 

first roughly 10-25 km of each simulation. Concentrations were typically highest in the near surface waters 

where surface slicks and entrained oil droplets had the potential to dissolve into the water column. 

Shoreline oiling was predicted for most simulations, with concentrations ranging from <1-100 g/m2 up to 

>10,000 g/m2 depending on the simulated discharge. For the lighter Bakken crude oil, concentrations were 

generally <1-100 g/m2 over the majority of shorelines predicted to be oiled. However, for the more persistent 

CLB, concentrations typically exceeded 1 kg/m2 based upon the tarballs and emulsions that formed. Because 

HFO 380 is so persistent, oiling of shorelines was predicted to be at similar levels to the CLB, however over 

less area, due to eth smaller discharge volume. In addition, sediment oiling was predicted for several offshore 

CLB releases, with concentrations <0.5 g/m2 and generally <0.01 g/m2. For the nearshore releases, both 

Bakken and CLB were predicted to oil sediments, again generally <0.5 g/m2. 
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As noted in Section 7.2.1, the surface areas swept by >0.1 g/m2 and >10 g/m2 of floating oil for the worst-case 

trajectories (maximum shoreline length oiled) provide indices of potential impact to socioeconomic uses and 

wildlife (birds, mammals and sea turtles), respectively. In both cases, adverse effects would be related both to 

the area exposed to oil and the duration oil would be on the water. When the winds were light to moderate, 

there was more predicted surface area swept by oil and the oil was predicted to remain on the water surface 

for longer periods of time. When winds were stronger, oil was predicted to entrain into the water column unless 

it was too viscous to do so (i.e., after CLB and HFO 380 had emulsified). The viscous HFO and CLB were 

predicted to remain thick, thus the areas impacted by >0.1 g/m2 and >10 g/m2 of floating oil were similar (Table 

7-5). For the low-viscosity Diesel and Bakken, the areas swept by >10 g/m2 of floating oil were much less than 

those for >0.1 g/m2 of floating oil (Table 7-5). Because CLB is a persistent oil that does not evaporate as rapidly 

as the Bakken, the water surface area affected by CLB was generally greater than the corresponding Bakken 

scenario (Table 7-5). Adverse impacts to biological resources would be proportional to the areas affected but 

be subject to the resource being present when the oil sweeps the areas and the organism’s sensitivity to being 

exposed to floating oil. 

The worst-case trajectories (maximum shoreline length oiled) modeled with Bakken resulted in 2 to 195 km (1 

to 224 mi) of shoreline contaminated by >1 g/m2 of oil (Table 7-6). The scenarios modeled with CLB generally 

resulted in much more shoreline oiling (164 to 688 km of contaminated shoreline >1 g/m2) as the oil weathered 

very quickly and formed tar balls that were primarily in the wind-wave mixed layer. The shoreline oiling was 

generally predicted to be greatest for the large volume discharges and more persistent oils. The oil that was on 

the surface for the scenarios modeled with the viscous oils (CLB and HFO) remained thick, which is why the 

shoreline contaminated >1 and >10 g/m2 were so similar. The shoreline oiling was also greater the closer the 

discharge is to the shoreline. Note that the breakdown of shoreline contamination by shore type is provided in 

Impact Analysis in Section 8.6.3. 
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Table 7-4. Summary of the mass balance information at the offshore GOM locations at the end of the 60-day 
simulations. All values represent a percent of the total volume of spilled oil at the last modeled time step.  

 Summary of Mass Balance Information at the End of the 60-day Simulations (Percent of Spilled Oil) 

Scenario Discharge 
Site Oil Type 

Discharge 
Volume 

(m3) 

Surface 
(%) 

Evaporated 
(%) 

Water 
Column 

(%) 

Sediment 
(%) 

Ashore 
(%) 

Degraded 
(%) 

O-1 WC 433  
VLCC – 

WCD Vessel 
cargo 

Bakken 
333,873 

<0.01 24.00 15.16 0.08 0.09 60.67 

O-2 CLB 30.75 30.23 1.83 <0.01 28.05 9.12 

O-3 WC 433  
Platform – 

WCD facility 
infrastructure 

Bakken 
159 

0 48.44 14.52 0.08 0.05 36.90 

O-4 CLB 0 37.01 0 0.01 58.90 4.09 

O-5 

WC 433  
Service fuel 
spill (at the 

SPMS) 

Diesel Fuel 406 0 33.33 6.27 0.12 <0.01 60.28 

O-6 
WC 433  

VLCC fuel oil 
spill 

HFO 380 7,773 0 7.01 0.00 <0.01 87.09 5.90 

O-7 
WC 433 

Pipeline at 
DWP 

(at PLEM) 

Bakken 
789 

0 54.94 17.24 0.66 0.13 27.03 

O-8 CLB 0.05 32.32 7.86 0.67 35.75 23.35 

O-9 
WC 44  

(WC 433 
option)  

Nearshore 
pipeline 
location 

Bakken 

81,632 

0 46.70 15.64 0.11 0.19 37.35 

O-10 CLB 0.60 30.77 1.31 <0.01 61.75 5.56 

O-9a 
WC 44  

(WC 509 
option)  

Nearshore 
pipeline 
location 

Bakken 

98,439 

0 51.62 17.90 0.04 0.49 29.9 

O-10a CLB 31.87 28.14 2.26 0.07 25.99 11.66 

O-11  WC 509  
VLCC – 

WCD Vessel 
cargo 

Bakken 
333,873 

0 35.33 16.36 0.08 <0.01 48.22 

O-12 CLB 35.37 31.52 0.02 0.<0.01 28.78 4.30 

O-13 WC 509  
Platform – 

WCD facility 
infrastructure 

Bakken 
159 

0 66.18 18.03 0.21 0.02 15.56 

O-14 CLB 0 35.59 0 <0.01 60.19 4.22 

O-15 

WC 509  
Service fuel 
spill (at the 

SPMS) 

Diesel Fuel 406 0 37.36 5.94 0.12 <0.01 56.58 

O-16 
WC 509  

VLCC fuel oil 
spill 

HFO 380 7,773 <0.01 7.94 <0.01 <0.01 86.22 5.82 

O-17 WC 509  
Pipeline at 

DWP 
(at PLEM) 

Bakken 
800 

0 52.06 12.47 1.32 0.04 34.11 

O-18 CLB 40.72 32.55 0.67 0.71 19.49 5.86 
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Table 7-5. Maximum surface area swept by >0.1 g/m2 and >10 g/m2 of floating oil for the representative scenarios 
at the offshore GOM discharge locations throughout the 60-day simulation period. 

 
Scenario ID 

 
Discharge Site  Oil Type 

Discharge 
Volume 

(m3) 

Maximum Swept Surface Area Exposure (mi2-days) 
Exceeding a Threshold 

>0.1 g/m2  
(mile2-days) 

>10 g/m2  
(mile2-days) 

>0.1 g/m2 

 (km2-days) 

>10 g/m2  
(km2-
days) 

O-1 WC 433  
VLCC – WCD Vessel 

cargo 

Bakken 
333,873 

1,621 8 4,198 21 

O-2 CLB 8,392 8,391 21,734 21,728 

O-3 WC 433  
Platform – WCD facility 

infrastructure 

Bakken 
159 

8 3 20 6 

O-4 CLB 90 90 234 234 

O-5 
WC 433  

Service fuel spill (at the 
SPMS) 

Diesel Fuel 406 4 <1 9 <1 

O-6 WC 433  
VLCC fuel oil spill HFO 380 7,773 829 829 2,148 2,148 

O-7 WC 433 
Pipeline at DWP 

(at PLEM) 

Bakken 
789 

98 77 255 199 

O-8 CLB 134 134 346 346 

O-9 
WC 44  

(WC 433 option)  
Nearshore pipeline 

location 

Bakken 
81,632 

1,148 66 2,973 172 

O-10 CLB 3,719 3,719 9,632 9,632 

O-9a WC 44  
(WC 509 option)  

Nearshore pipeline 
location 

Bakken 
98,439 

326 26 844 559 

O-10a CLB 3,233 3,233 8,372 8,372 

O-11  WC 509  
VLCC – WCD Vessel 

cargo 

Bakken 
333,873 

781 91 2,022 236 

O-12 CLB 6,716 6,716 17,394 17,394 

O-13 WC 509  
Platform – WCD facility 

infrastructure 

Bakken 
159 

101 81 261 210 

O-14 CLB 59 59 153 153 

O-15 
WC 509  

Service fuel spill (at the 
SPMS) 

Diesel Fuel 406 5 <1 13 <1 

O-16 WC 509  
VLCC fuel oil spill HFO 380 7,773 671 671 1,737 1,737 

O-17 WC 509  
Pipeline at DWP 

(at PLEM) 

Bakken 
800 

49 4 126 11 

O-18 CLB 509 509 1,317 1,317 
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Table 7-6. Total shore lengths exceeding 1, 10, and 100 g/m2 for the offshore GOM 95th percentile shoreline 
exposure scenarios.  

Scenario ID Discharge 
Site 

Oil Type 
Discharge 

Volume 
(m3) 

Total Shore Length Oiled 
(miles) 

Total Shore Length Oiled 
(km) 

>1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

O-1 WC 433  
VLCC – WCD Vessel cargo 

Bakken 
333,873 

121 111 55 195 179 89 

O-2 CLB 688  688  595  1,107  1,107  957  

O-3 WC 433  
Platform – WCD facility 

infrastructure 

Bakken 
159 

2 - - 3 - - 

O-4 CLB 164 161 78 263 258 126 

O-5 
WC 433  

Service fuel spill (at the 
SPMS) 

Diesel 
Fuel 406 2 - - 3 - - 

O-6 WC 433  
VLCC fuel oil spill HFO 380 7,773 350 350 299 563 563 481 

O-7 WC 433 
Pipeline at DWP 

(at PLEM) 

Bakken 
789 

22 7 - 36 11 - 

O-8 CLB 272 262 156 438 422 251 

O-9 WC 44  
(WC 433 option)  

Nearshore pipeline location 

Bakken 
81,632 

224 173 29 360 279 46 

O-10 CLB 577 577 494 928 928 794 

O-9a WC 44  
(WC 509 option)  

Nearshore pipeline location 

Bakken 
98,439 

250 201 47 402 323 75 

O-10a CLB 614 613 528 987 986 850 

O-11  WC 509  
VLCC – WCD Vessel cargo 

Bakken 
333,873 

79 59 5 128 95 9 

O-12 CLB 767 767 669 1,234 1,234 1,077 

O-13 WC 509  
Platform – WCD facility 

infrastructure 

Bakken 
159 

1 - - 2 - - 

O-14 CLB 167 164 85 268 264 137 

O-15 
WC 509  

Service fuel spill (at the 
SPMS) 

Diesel 
Fuel 406 1 - - 1 - - 

O-16 WC 509  
VLCC fuel oil spill HFO 380 7,773 414 414 279 666 666 449 

O-17 WC 509  
Pipeline at DWP 

(at PLEM) 

Bakken 
800 

8 2 - 14 4 - 

O-18 CLB 326 320 151 525 515 243 

 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 190 

 

Figure 7-66. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC WCD Vessel 
Cargo discharge event of 333,873 m3 of Bakken from WC 433 modeled on Jan. 1, 2008 (O-1). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-67. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil from WC 433 (O-1). 
This represents the maximum thickness of surface oil that was predicted for each location. The maximum levels 
of coverage would not be observed at each location simultaneously. 
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Figure 7-68. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil 
from WC 433 (O-1). This represents the maximum in-water contamination that was predicted for each location. The 
maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-69. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil 
from WC 433 (O-1). 
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Figure 7-70. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC WCD Vessel 
Cargo discharge event of 333,873 m3 of CLB crude oil from WC 433 modeled on Sep. 15, 2006 (O-2). Sediment oil 
is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-71. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from WC 433 (O-2). This 
represents the maximum thickness of surface oil that was predicted for each location. The maximum levels of 
coverage would not be observed at each location simultaneously. 
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Figure 7-72. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from 
WC 433 (O-2). This represents the maximum in-water contamination that was predicted for each location. The 
maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-73. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from 
WC 433 (O-2). 
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Figure 7-74. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Platform WCD 
facility infrastructure discharge event of 159 m3 of Bakken crude oil from WC 433 modeled on Mar. 1, 2008 (O-3). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-75. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of Bakken crude oil from WC 433 
(O-3). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 200 

 

Figure 7-76. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of Bakken crude 
oil from WC 433 (O-3). This represents the maximum in-water contamination that was predicted for each location. 
The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-77. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of Bakken crude 
oil from WC 433 (O-3). 
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Figure 7-78. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Platform WCD 
facility infrastructure discharge event of 159 m3 of CLB crude oil from WC 433 modeled on Sep. 1, 2009 (O-4). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-79. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of CLB crude oil from WC 433 (O-4). 
This represents the maximum thickness of surface oil that was predicted for each location. The maximum levels 
of coverage would not be observed at each location simultaneously. 
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Figure 7-80. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of CLB crude 
oil from WC 433 (O-4). This represents the maximum in-water contamination that was predicted for each location. 
The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-81. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of CLB crude 
oil from WC 433 (O-4). 
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Figure 7-82. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the service fuel spill 
(at the SPM) discharge event of 406 m3 of diesel fuel from WC 433 modeled on Apr. 1, 2009 (O-5). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-83. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel fuel from WC 433 (O-5). This 
represents the maximum thickness of surface oil that was predicted for each location. The maximum levels of 
coverage would not be observed at each location simultaneously. 
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Figure 7-84. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel fuel from WC 
433 (O-5). This represents the maximum in-water contamination that was predicted for each location. The maximum 
levels of exposure would not be observed at each location simultaneously. 
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Figure 7-85. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel fuel from WC 
433 (O-5).  
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Figure 7-86. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC fuel oil spill 
discharge event of 7,773 m3 of HFO 380 from WC 433 modeled on Jan. 15, 2010 (O-6). Sediment oil is depicted 
but makes up ≤1% of the total discharge volume. 
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Figure 7-87. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 433 (O-6). This represents the 
maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-88. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 433 (O-6). 
This represents the maximum in-water contamination that was predicted for each location. The maximum levels 
of exposure would not be observed at each location simultaneously. 
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Figure 7-89. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 433 (O-6).  
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Figure 7-90. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Pipeline at DWP 
discharge event of 789 m3 of Bakken crude oil from WC 433 modeled on May 15, 2007 (O-7). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-91. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Pipeline at DWP discharge event of 789 m3 of Bakken crude oil from WC 433 (O-7). This represents 
the maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-92. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the Pipeline at DWP discharge event of 789 m3 of Bakken crude oil from WC 433 
(O-7). This represents the maximum in-water contamination that was predicted for each location. The maximum 
levels of exposure would not be observed at each location simultaneously. 
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Figure 7-93. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Pipeline at DWP discharge event of 789 m3 of Bakken crude oil from WC 433 
(O-7).  
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Figure 7-94. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Pipeline at DWP 
discharge event of 789 m3 of CLB crude oil from WC 433 modeled on Oct. 15, 2007 (O-8). Sediment oil is depicted 
but makes up ≤1% of the total discharge volume. 
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Figure 7-95. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Pipeline at DWP discharge event of 789 m3 of CLB crude oil from WC 433 (O-8). This represents the 
maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-96. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th percentile 
shoreline exposure scenario of the Pipeline at DWP discharge event of 789 m3 of CLB crude oil from WC 433 (O-
8). This represents the maximum in-water contamination that was predicted for each location. The maximum levels 
of exposure would not be observed at each location simultaneously. 
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Figure 7-97. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Pipeline at DWP discharge event of 789 m3 of CLB crude oil from WC 433 (O-
8). 
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Figure 7-98. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the nearshore pipeline 
location discharge event of 81,632 m3 of Bakken crude oil from WC 44 (WC 433) modeled on Feb. 1, 2006 (O-9). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-99. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the nearshore pipeline location discharge event of 81,632 m3 of Bakken crude oil from WC 44 (WC 433) 
(O-9). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 
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Figure 7-100. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the nearshore pipeline location discharge event of 81,632 m3 of Bakken 
crude oil from WC 44 (WC 433) (O-9). This represents the maximum in-water contamination that was predicted for 
each location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-101. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the nearshore pipeline location discharge event of 81,632 m3 of Bakken crude oil 
from WC 44 (WC 433) (O-9). 
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Figure 7-102. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the nearshore 
pipeline location discharge event of 81,632 m3 of CLB crude oil from WC 44 (WC 433) modeled on Oct. 1, 2006 (O-
10). Sediment oil is depicted but makes up ≤1% of the total discharge volume.  
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Figure 7-103. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline 
exposure scenario of the nearshore pipeline location discharge event of 81,632 m3 of CLB crude oil from WC 44 
(WC 433) (O-10). This represents the maximum thickness of surface oil that was predicted for each location. The 
maximum levels of coverage would not be observed at each location simultaneously. 
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Figure 7-104. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the nearshore pipeline location discharge event of 81,632 m3 of CLB 
crude oil from WC 44 (WC 433) (O-10). This represents the maximum in-water contamination that was predicted for 
each location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-105. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the nearshore pipeline location discharge event of 81,632 m3 of CLB crude oil from 
WC 44 (WC 433) (O-10). 
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Figure 7-106. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the nearshore 
pipeline location discharge event of 98,439 m3 of Bakken crude oil from WC 44 (WC 509) modeled on Jan. 1, 2006 
(O-9a). Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-107. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the nearshore pipeline location discharge event of 98,439 m3 of Bakken crude oil from WC 44 (WC 509) 
(O-9a). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 
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Figure 7-108. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the nearshore pipeline location discharge event of 98,439 m3 of Bakken 
crude oil from WC 44 (WC 509) (O-9a). This represents the maximum in-water contamination that was predicted for 
each location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-109. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the nearshore pipeline location discharge event of 98,439 m3 of Bakken crude oil 
from WC 44 (WC 509) (O-9a). 
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Figure 7-110. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the nearshore 
pipeline location discharge event of 98,439 m3 of CLB crude oil from WC 44 (WC 509) modeled on Jan. 1, 2008 (O-
10a). Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-111. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the nearshore pipeline location discharge event of 98,439 m3 of CLB crude oil from WC 44 (WC 509) 
(O-10a). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 
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Figure 7-112. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the nearshore pipeline location discharge event of 98,439 m3 of CLB 
crude oil from WC 44 (WC 509) (O-10a). This represents the maximum in-water contamination that was predicted 
for each location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-113. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the nearshore pipeline location discharge event of 98,439 m3 of CLB crude oil from 
WC 44 (WC 509) (O-10a). 
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Figure 7-114. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC WCD 
Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil from WC 509 modeled on Apr. 1, 2008 (O-11). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-115. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline 
exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil from WC 
509 (O-11). This represents the maximum thickness of surface oil that was predicted for each location. The 
maximum levels of coverage would not be observed at each location simultaneously. 
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Figure 7-116. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken 
crude oil from WC 509 (O-11). This represents the maximum in-water contamination that was predicted for each 
location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-117. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of Bakken crude oil 
from WC 509 (O-11). 
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Figure 7-118. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC WCD 
Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from WC 509 modeled on Sep. 15, 2010 (O-12). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-119. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from WC 509 (O-12). This 
represents the maximum thickness of surface oil that was predicted for each location. The maximum levels of 
coverage would not be observed at each location simultaneously. 
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Figure 7-120. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB 
crude oil from WC 509 (O-12). This represents the maximum in-water contamination that was predicted for each 
location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-121. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC WCD Vessel Cargo discharge event of 333,873 m3 of CLB crude oil from 
WC 509 (O-12).  
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Figure 7-122. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Platform WCD 
facility infrastructure discharge event of 159 m3 of Bakken crude oil from WC 509 modeled on Jul. 15, 2006 (O-
13). Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-123. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of Bakken crude oil from WC 509 
(O-13). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 
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Figure 7-124. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of 
Bakken crude oil from WC 509 (O-13). This represents the maximum in-water contamination that was predicted for 
each location. The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-125. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of Bakken crude 
oil from WC 509 (O-13). 
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Figure 7-126. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Platform WCD 
facility infrastructure discharge event of 159 m3 of CLB crude oil from WC 509 modeled on Jan. 15, 2006 (O-14). 
Sediment oil is depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-127. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of CLB crude oil from WC 509 (O-
14). This represents the maximum thickness of surface oil that was predicted for each location. The maximum 
levels of coverage would not be observed at each location simultaneously. 
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Figure 7-128. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of 
CLB crude oil from WC 509 (O-14). This represents the maximum in-water contamination that was predicted for 
each location. The maximum levels of exposure would not be observed at each location simultaneously. 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 253 

 

Figure 7-129. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Platform WCD facility infrastructure discharge event of 159 m3 of CLB crude 
oil from WC 509 (O-14). 
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Figure 7-130. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the service fuel spill 
(at the SPM) discharge event of 406 m3 of diesel fuel from WC 509 modeled on Apr. 1, 2010 (O-15). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-131. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel fuel from WC 509 (O-15). This 
represents the maximum thickness of surface oil that was predicted for each location. The maximum levels of 
coverage would not be observed at each location simultaneously. 
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Figure 7-132. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel 
fuel from WC 509 (O-15). This represents the maximum in-water contamination that was predicted for each location. 
The maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-133. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the service fuel spill (at the SPM) discharge event of 406 m3 of diesel fuel from WC 
509 (O-15).  
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Figure 7-134. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the VLCC fuel oil spill 
discharge event of 7,773 m3 of HFO 380 from WC 509 modeled on Sep. 1, 2006 (O-16). Sediment oil is depicted 
but makes up ≤1% of the total discharge volume. 
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Figure 7-135. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 509 (O-16). This represents the 
maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-136. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 
509 (O-16). This represents the maximum in-water contamination that was predicted for each location. The 
maximum levels of exposure would not be observed at each location simultaneously. 
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Figure 7-137. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the VLCC fuel oil spill discharge event of 7,773 m3 of HFO 380 from WC 509 (O-16).  
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Figure 7-138. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Pipeline at DWP 
discharge event of 800 m3 of Bakken crude oil from WC 509 modeled on Jan. 15, 2008 (O-17). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-139. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline exposure 
scenario of the Pipeline at DWP discharge event of 800 m3 of Bakken crude oil from WC 509 (O-17). This represents 
the maximum thickness of surface oil that was predicted for each location. The maximum levels of coverage would 
not be observed at each location simultaneously. 
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Figure 7-140. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the Pipeline at DWP discharge event of 800 m3 of Bakken crude oil 
from WC 509 (O-17). This represents the maximum in-water contamination that was predicted for each location. 
The maximum levels of exposure would not be observed at each location simultaneously. 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 265 

 

Figure 7-141. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th percentile 
shoreline exposure scenario of the Pipeline at DWP discharge event of 800 m3 of Bakken crude oil from WC 509 
(O-17).  
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Figure 7-142. Oil mass balance graph for the 95th percentile shoreline exposure scenario of the Pipeline at DWP 
discharge event of 800 m3 of CLB crude oil from WC 509 modeled on Feb. 15, 2010 (O-18). Sediment oil is 
depicted but makes up ≤1% of the total discharge volume. 
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Figure 7-143. Composite of maximum surface oil thickness over 60 days for the 95th percentile shoreline 
exposure scenario of the Pipeline at DWP discharge event of 800 m3 of CLB crude oil from WC 509 (O-18). This 
represents the maximum thickness of surface oil that was predicted for each location. The maximum levels of 
coverage would not be observed at each location simultaneously. 
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Figure 7-144. Composite of maximum total dissolved hydrocarbon concentration over 60 days for the 95th 
percentile shoreline exposure scenario of the Pipeline at DWP discharge event of 800 m3 of CLB crude oil from WC 
509. This represents the maximum in-water contamination that was predicted for each location. The maximum 
levels of exposure would not be observed at each location simultaneously. 
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Figure 7-145. Maximum total hydrocarbon mass on the shore and on sediments after 60 days for the 95th 
percentile shoreline exposure scenario of the Pipeline at DWP discharge event of 800 m3 of CLB crude oil from 
WC 509. 

  



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 270 

8 OIL SPILL CONSEQUENCES 
The oil spill modeling results for simulated worst-case scenarios for inshore and offshore spills provided in 

Sections 6 and 7 were used to characterize the potential consequences following a release. This section aims 

to describe the major, sensitive, and critical nearshore habitats present in the GOM with additional focus on 

coastal, nearshore, and offshore Texas, as well as:  

• Provide the results of the High Consequence Area (HCA) Analysis for both the OILMAPLand and 

SIMAP results; 

• Analyze the potential ecological impacts of the spills with regard to habitats and generalized 

exposure thresholds;  

• Review habitat recovery rates and best measures that could be taken to mitigate potential impacts 

based on habitat and oil types; and  

• Provide a pool fire analysis.  

 

The framing is used to contextualize the surrounding environment, determining the consequences to 

numerous resource types in several different ways, and then assess the recovery of receptors or prevention 

of impact through various mitigation options. 

8.1 Overview of Species and Habitats of Concern 
The western GOM, including the Sabine Lake area contains many species and habitats of concern. It is home 

to hundreds of species of fish, birds, reptiles, invertebrates, and marine mammals. These species comprise 

productive fisheries and are an important draw for tourists, with some species protected on state and federal 

levels by the Endangered Species Act (ESA) and Marine Mammal Protection Act (MMPA). The U.S. National 

Oceanic and Atmospheric Administration (NOAA) has developed an Environmental Sensitivity Index (ESI) to 

identify coastal resources of ecological, commercial, or recreational value at risk of exposure to oil from spill 

events (NOAA, 2019a). The NOAA ESI for the Texas and Louisiana coasts includes 145 bird species groups, 

90 fishes, 23 invertebrates, 26 mammals (22 marine), 8 reptiles, and 1 amphibian. Additionally, NOAA’s ESI 

defines thousands of acres of important habitat in the Project Area for many species including, but not limited 

to, reddish egret, peregrine falcon, sea turtle and piping plover nesting beaches, and nesting sites for bald 

eagles. Fishing represents a powerful economic force along the Texas GOM coast with around US$237 million 

in landings reported by NMFS in 2017 (NOAA, 2019b). Additionally, the waters of the GOM include at least 21 

species of cetaceans, including endangered sperm whales and several species of dolphins and whales with 

important tourist value (Jefferson and Schiro, 1997). 

 Shoreline Habitats 
Shoreline habitats at the land/water interface are important areas for many species. These zones are typically 

rich in nutrients and food sources, and provide necessary physical complexity for nesting, shelter, and foraging 

spaces, as well as chemical complexity in the forms of salinity, temperature, and oxygen gradients. Some 

species require specific balances of these physical and chemical parameters to navigate their life histories 

successfully. Thus, different types of shorelines habitats support various species assemblages and provide 

unique ecosystem services. A high-level overview of the composition of the coastline within the habitat grid 

used for inshore and offshore modeling is provided in Table 8-1, and maps of shoreline habitats are presented 

in Figure 4-37 and Figure 4-38. Note that all shorelines in the model domain outside of the US (e.g., Mexico 

and Cuba) were assumed to be sand beach (due to a lack of availability of detailed mapping data). Therefore, 

the lengths and percentages of shoreline categorized as “Sand beach – Other” for the model domain in Table 

8-1 should be considered artificially high. Only one of the selected deterministic scenarios resulted in oil contact 

with shorelines outside of the US (VLCC release of HFO 380 at WC 433; Figure 7-34).  
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Table 8-1. Length and proportion of different shoreline habitats within the inshore and offshore model domain.  

Shoreline Type 

Amount of Shoreline Types in Inshore 
Habitat Grid 

Amount of Shoreline Types in Offshore 
Habitat Grid 

Total Length 
(miles) 

Total Length 
(km) 

Percent of 
Shoreline by 
Habitat Type 

Total Length 
(miles) 

Total Length 
(km) 

Percent of 
Shoreline by 
Habitat Type 

Rocky shore 53 85 9% 152 244 1% 

Gravel beach 14 23 2% 497 799 3% 

Sand beach – US  37 59 6% 2,394 3,852 13% 

Sand beach – Other*  - 0 0% 5,067 8,154 28% 

Mudflat 96 154 16% 1,744 2,807 10% 
Wetland (Salt 

Marsh/Mangrove) 346 558 57% 7,043 11,335 40% 

Artificial / manmade 67 108 11% 968 1,558 5% 

Total 613 986 100% 17,864 28,749 100% 

*Note that “Sand beach – Other” includes shorelines outside of the US (e.g., Mexico and Cuba), which were 

assumed to be sand beach due to the lack of data available. 

8.1.1.1 Rocky Shore 

Rocky shorelines are rare along the Gulf Coast and within the model domain, as evident in Figure 4-37, Figure 

4-38, and Table 8-1. Much of the “rocky shoreline” in the region consists of rock jetties/riprap and comprises 

just 1% of total offshore domain shoreline length and 9% of the inshore domain shoreline length. A survey of 

rock jetty species determined that the fauna is composed of species from adjacent habitats, including oyster 

reef, sand and mud bottom, salt marsh, and possibly Sargassum. Several species were determined to have 

drifted as larvae to the jetties and lived exclusively on the rock habitat. Species found on the jetties include 

barnacles, limpets, one periwinkle (Littorina sp.), one mussel, one snail (Thais sp.), one anemone, one isopod, 

and hermit crabs (Whitten et al., 1950). The rarity of rocky shorelines in the region increases its habitat value. 

NOAA’s ESI ranked exposed rocky shorelines as a 1 out of 10, sheltered rocky shores as an 8 out of 10, and 

riprap structures as a 6 out of 10, with a rank of 1 representing habitats that have the least susceptibility to 

damage by oiling and a rank of 10 representing shorelines most likely to be damaged by oiling (NOAA, 2019a). 

8.1.1.2 Gravel Beaches 

Gravel beaches are generally steep and lack the presence of dunes. Within the model domain, the shoreline 

component constituting the gravel beach is often shell fragments, mostly from clams (Rangia sp.) and oysters 

(Crassostrea sp.), or rock fragments (Morton and McKenna 1999). The upper intertidal zone of exposed gravel 

beaches generally has a low density of organisms, but sheltered gravel beaches and the lower intertidal zone 

of all beaches can have high densities of organisms (NOAA, 2017). In the model inshore and offshore domains, 

gravel beaches comprise 2% and 3% of the total shoreline length, respectively. NOAA’s ESI ranked mixed 

sand and gravel beaches as a 5 out of 10 and gravel beaches as a 6 out of 10, with a rank of 1 representing 

habitats that have the least susceptibility to damage by oiling (NOAA, 2019a). 

8.1.1.3 Sand Beaches 

There are three categories of sand beaches: mainland, pocket, and barrier beaches (Williams, 2001). All three 

categories of sand beaches are common in the region, especially along open-ocean shoreline. In the intertidal 

zone of these sand beach environments, species diversity is low and faunal composition is dominated by 
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resilient species able to withstand dynamic conditions. One study along the North Texas coast identified most 

organisms as successional species, with 98% of the benthic specimens identified belonging to six taxa (Witmer, 

2011). Because species of the intertidal zone already face dynamic and harsh conditions, they are susceptible 

to additional stressors. Just above the water line, sand beaches provide important resting and nesting habitats 

for shorebirds, such as Wilson's plovers, snowy plovers, least terns, and black skimmers, which are all species 

previously impacted by oil spills in the area (Sander, 2016). Listed (threatened and endangered) species, such 

as piping plover and 3 species of sea turtles (Kemp's ridley, Loggerhead, and Green sea turtles), nest on sand 

beaches along the Texas coast in spring-summer (Section 8.3) (USFWS, 2018). 

In addition, sand beaches are important recreational and tourist areas. For example, outer beaches on barrier 

islands of Bolivar Peninsula and Galveston Island are popular recreational beaches. Within the inshore and 

offshore model domains, sand beaches comprise 6% and 41% of the total shoreline length, respectively. 

NOAA’s ESI ranked fine-grained sand beaches as a 3 out of 10 and coarse-grained sand beaches as a 4 out 

of 10, with a rank of 1 representing habitats that have the least susceptibility to damage by oiling (NOAA, 

2019a). 

8.1.1.4 Mud Flats 

Mud flats, also known as tidal flats, are formed by the deposition of fine sediments and are regularly flooded 

by tides. They serve as important nursery areas and provide habitat for crabs, fish, and mollusks, which form 

the food base for the larger fish species and birds, especially during migration (Williams, 2001). This nutrient-

rich habit type is at risk of degradation and elimination due to storms, sea level rise, and human interference 

(Williams, 2001). Within the model inshore and offshore domains, mud flats comprise 16% and 10% of the total 

shoreline length, respectively. NOAA’s ESI ranked exposed tidal flats as a 7 out of 10 and sheltered tidal flats 

as a 9 out of 10, with a rank of 1 representing shorelines that have the least susceptibility to damage by oiling 

(NOAA, 2019a). 

8.1.1.5 Salt Marshes and Mangroves 

Salt marshes are stretches of estuarine wetland habitats comprising salt-tolerant cordgrass and other grass 

species which reproduce by clonal rhizome replication and pollen-based sexual reproduction. They are 

important habitat for many commercially and recreationally-important species including juvenile fish, and 

crustaceans (white shrimp), birds, and mammals (Charles 2005). Additionally, salt marshes act as filters for 

ocean-going wastewater generated by human activity, such as farm and city runoff and sewage (Ganju et al., 

2019), and provide limited protection from inclement weather such as the powerful waves and flooding 

associated with hurricanes (Nowacki et al., 2017). Although spills have been shown to cause die-offs and 

associated erosion, recovery of plant species has also been noted (Silliman et al., 2012).  

Mangroves serve a similar function as salt marshes and are comprised of larger salt-tolerant trees instead of 

the grasses of saltmarshes. Three species of mangrove make up the bulk of GOM species including the red 

mangrove (Rhizophora mangle), black mangrove (Avicennia germinanas), and white mangrove (Laguncularia 

racemosa). Mangroves have particular ecological utility as refuge from predators and thus popular nursery sites 

for juvenile fish and other valuable species (Love et al., 2013). These productive coastal ecosystems face 

significant threats due to human development and rising sea levels (Craft et al., 2009). Although mangroves 

have shown some degree of resilience, oiling has been shown to cause lasting adverse effects, such as die-

offs and slow recovery (Duke et al., 1997).   

Within the inshore and offshore model domains, salt marshes and mangroves comprise 57% and 41% of the 

total shoreline length, respectively. However, most of this habitat is comprised of saltmarsh, with small areas 

of mangrove habitats located in southern Texas near the Mexican border and eastern coastal Louisiana. Larger 

areas of mangroves occur along the southern coast of Florida outside the probability footprints of stochastic 

modeling but were considered in this assessment. NOAA’s ESI ranked both salt to brackish marshes and 
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mangroves as a 10 out of 10, with a rank of 1 representing shorelines that have the least susceptibility to 

damage by oiling (NOAA, 2019a). 

8.1.1.6 Artificial/Manmade Shoreline 

Artificial or manmade shorelines include bulkheads and riprap and are commonly constructed from metals, 

stone, and/or concrete. These habitats typically have little to no permeability and often serve as an anchor for 

encrusting and attached flora and fauna. NOAA’s ESI ranked sheltered man-made structures as an 8 out of 10 

and riprap structures as a 6 out of 10, with a rank of 1 representing shorelines that have the least susceptibility 

to damage by oiling (NOAA, 2019a). Within the inshore and offshore model domains, manmade shorelines 

comprise 11% and 5% of the total shoreline length, respectively. 

 Benthic Habitats 
Benthic habitats can exhibit a wide range of diverse forms from flat unconsolidated seafloor to complex three-

dimensional environments with an equally diverse set of communities that inhabit them. This section provides 

a discussion of the most sensitive and ecologically valuable benthic habitats found within the spill extents, and 

those that could potentially be contacted by oil from hypothetical spills.   

8.1.2.1 Seagrass Meadows 

Seagrasses are found throughout the GOM and create large underwater meadows which serve as essential 

food and habitat for endangered species such as the West Indian manatee and various sea turtles; 

commercially-important fish species such as drum, sea bass, snappers; many other fish species; invertebrates; 

and birds. Seagrasses are affected during spill events by direct oiling and the combined effects of motorized 

boat transport during response efforts (e.g., propeller scarring, dredging, anchors; NOAA, 2011). 

8.1.2.2 Other Macroalgal beds 

Coastal GOM macroalgal beds are typically mats or mixed turfs of small (<1 cm) macroalgae. In contrast, 

offshore hard banks in the northwest GOM harbor communities of macroalgae that number in the hundreds of 

species with great diversity (Venera-Pontόn et al., 2019). Macroalgae could be affected by direct oiling and 

significant changes in the community structure of a hard bank offshore Louisiana following the Deepwater 

Horizon Oil Spill (Venera-Pontόn et al., 2019). 

8.1.2.3 Oyster Reefs 

Oyster reefs are common in estuarine environments with rocky topography and other hard surfaces; thus, are 

primarily found in rocky shore environments. Although the oyster fishery has declined in recent years, it remains 

an important component of the GOM fishery responsible for as much 70 million USD in landings (Louisiana 

Department of Wildlife and Fisheries 2016). Oysters provide ecosystem services in the form of water filtration 

and provide habitat for numerous species of commercial and recreationally importance, including finfish and 

invertebrates. Oyster reefs also serve as nursery habitats for early life stages of many species (Coen et al., 

2007; Love et al., 2013). The direct effects of spills are primarily due to oyster gamete and larvae exposure to 

oil droplets, which may be exacerbated by the use of dispersants if droplet number or surface area is increased 

(Vignier et al., 2015, 2017). 

8.1.2.4 Coral Reefs 

Corals are found in deep water areas offshore of the northwestern GOM and include gorgonian, soft, stony, 

and black varieties within 100 km (62 mi) of the coast of Freeport, TX and as close as 50 km (31 mi) off the 

coast of Brownsville, TX. The Flower Garden Banks National Marine Sanctuary is also located 200 km (124 
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mi) south of Galveston and contains additional shallow and mesophotic coral communities. Many of these 

corals are extremely slow-growing and have attained ages of thousands of years. Despite broad interest in 

corals, significant knowledge gaps regarding distribution, life histories, and ecology remain. However, it is well 

known that coral reefs serve as important sources of primary production and that their physical complexity 

provides refuge for myriad species. Corals of the GOM near BMOP tend to exist in deeper waters, which help 

protect them from direct oiling. Although relatively far from the proposed port (i.e., greater than 1,000 km or 

621 mi) and almost entirely outside of the stochastic modeling probability footprint, Florida is the only state 

along the GOM that has extensive shallow coral reefs near the coast extending 483 km (300 mi) from St. Lucie 

Inlet to the Dry Tortugas with additional reefs along the West Florida coast and at the Florida Middle Grounds. 

Depending on the composition and conditions of a spill and the use of dispersants, toxicity to corals and reef 

residents could potentially occur (Knap et al., 1983; NOAA 2010; Goodbody-Gringley et al., 2013; Negri et al., 

2016).  

8.1.2.5 Artificial reefs 

Artificial reefs are made of “one or more objects of natural or human origin deployed purposefully on the sea 

floor to influence physical, biological, or socioeconomic processes related to living marine resources” (William 

Seaman, Jr. 2000). Thousands of artificial reefs have been built nearshore and offshore of all five states 

bordering the GOM. The theory behind building reefs is they enhance habitat and develop communities of 

encrusting organisms and baitfish over time that ultimately lead to new food webs that otherwise would not 

have existed to the same extent at the deployment location. Materials comprising reefs are very diverse and 

include, but are not limited to, concrete structures, natural oyster shells, car and ship bodies, and retired oil 

platforms (Fikes, 2013). Although oiling of artificial reefs in deeper waters is less likely than those in shallow 

waters (and those exposed above the surface), it is possible that oil exposure could impact the encrusting 

organisms and food web of artificial reef communities if oil reaches those locations. 

 Open Water and Sargassum Habitats 
The open ocean is characterized by vast stretches of deep water containing large fish species such as tuna, 

sailfish, and billfish, and the larvae of important fish species. One of the primary features of the GOM are 

expansive floating mats of macroalgae called Sargassum. Sargassum is the common name for two species of 

seaweeds (Sargassum natans and Sargassum fluitans), which occur in the center of the Atlantic subtropical 

gyre and GOM and provide thousands of acres of foraging and nursery habitat. The importance of sargassum 

for dolphins, whales, pelagic fish, larval stages of crabs, and lobster is well documented and has been 

recognized by NOAA as critical habitat for Loggerhead turtles. Some species depend on the habitat for food 

as they pass through the area; though many others use the cover provided as a nursery (Coston-Clements et 

al., 1991; Powers et al., 2013).  

Some of the major ecological components of the Sargassum habitat are encrusting epiphytes such as hydroids 

and bryozoans. These organisms are eaten by fish which are subsequently preyed upon by larger fish, many 

of which are recreationally or commercially important, including tunas, jacks, mackerels, swordfish, and 

billfishes. The resiliency of these epiphytes and of the trophic system as a whole is not well understood (Coston-

Clements et al., 1991; Powers et al., 2013). Sargassum has been expanding its areal coverage to the point of 

becoming a nuisance species, and thus is unlikely to be drastically impacted by any one spill event. However, 

it houses sensitive species such as juvenile sea turtles and represents a particularly difficult clean-up scenario. 

The factors combine to create potentially long residence times for weathered oil in Sargassum communities 

(Powers et al., 2013).  
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 Coastal Terrestrial Habitats 
Some coastal terrestrial habitats may have interaction with the onshore components of the Project. While this 

is especially the case for simulations of land-based spills with OILMAPLand, there is the potential for impacts 

from some of the SIMAP simulations. Further discussion of the existing environment and potential 

environmental consequences can be found in the offshore port license application.  

8.1.4.1 Wetlands 

The wetlands discussed in this section are upland of the shoreline boundary and habitat types included within 

the SIMAP model domains. Wetlands in the area include estuarine emergent wetland, estuarine forested 

wetland, estuarine scrub/shrub wetland, palustrine emergent wetland, palustrine forested wetland, and 

palustrine scrub/shrub wetland (NOAA, 2016). Similar to the shoreline habitat “Saltmarshes” described in 

Section 8.1.1, wetlands are important habitat for many diverse species including fish, birds, amphibians, 

reptiles, and mammals. In addition, wetlands can store floodwaters, filter pollutants, and serve as a carbon sink 

(USDA, 2020). Although short-term impacts of oil spills on coastal wetlands are variable, relatively quick long-

term recovery has been observed (Mendelssohn et al., 1993, Silliman et al., 2012).  

8.1.4.2 Open land 

Open land includes areas dominated by grasses, forbs, and shrubs as well as one category of developed land. 

Open land types in the area include pasture, grassland/herbaceous, scrub/shrub, and developed open space 

(NOAA, 2016a). In addition to supporting resident species of birds, mammals, reptiles, and amphibians, the 

natural open lands also provide migratory habitat for neotropical migrants (USFWS, 2017). 

8.1.4.3 Forest/Woodland 

Forest/woodland types in the area include deciduous, coniferous/evergreen, and mixed deciduous/coniferous 

forest (NOAA, 2016a). In addition to supporting resident species of birds, mammals, reptiles, and amphibians, 

the natural forest/woodland areas also provide migratory habitat for neotropical migrants (USFWS, 2017). 

8.2 Potentially Sensitive Areas 

 National and Locally Protected Areas 
The U.S. National Wildlife Refuge (NWR) System was established in 1903, with a mission to manage lands 

and waters for conservation, management, and restoration of fish, wildlife and plants. Wildlife conservation lies 

at the core of the NWR system’s mission and activities within refuges are often reviewed for compatibility with 

this mission. The GOM is a unique and important ecosystem for myriad species with particularly high 

importance to seabirds, migrating birds, sea turtles, manatees, wetland wildlife, and pelagic fish. In addition to 

their economic, social, and cultural importance, the many beaches serve as nesting sites for birds and turtles 

and the many estuaries and other wetlands serve as feeding grounds for birds and nurseries for juvenile fish 

as well as protection from storm surges. A list of nationally protected areas within the model domain (and their 

distances from Sabine lake) is provided in Table 8-2. 
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Table 8-2. National Wildlife Refuges (NWR), National Estuarine Research Reserves (NERR), National Seashores 
(NSS), National Parks (NP), and Wildernesses found along the Northern Gulf Coast of the United States. 

 Nationally Protected Lands 
 

 

State Type Name Subname 

Approximate 
distance from 
Sabine Lake 

(km) 

AL NERR Weeks Bay - 525 

FL NERR Apalachicola - 815 

FL NERR Rookery Bay - 1,255 

FL NP 
DeSoto National 

Memorial 
- 1,120 

FL NP Everglades - 1,250 

FL NSS 
Gulf Islands National 

Seashore 
- 630 

FL NWR 
Florida Keys Refuges 

Complex  

Key West, Great White Heron, National Key Deer 
Refuge, Crocodile Lake, St. Vincent, Pinellas, St. 

Marks, Lower Suwannee, Chassahowitzka, 
Egmont Key 

1,330 

FL NWR 
J N Ding Darling 

Refuges Complex  
Island Bay, JN Ding Darling, Pine Island, 

Matchala, Ten Thousand Islands 
1,195 

FL NWR Cedar Keys   - 1,050 
FL NWR Crystal River  - 670 
FL NWR Anclote  - 670 
FL NWR Island Bay  - 1,190 
FL NWR Pine Island  - 1,185 
FL NP Biscayne  - 1,420 
LA NERR Grand Bay  - 514 

LA NWR 
Southwest Louisiana 

Refuges Complex 
Sabine, Cameron Prairie, Shell Keys, Delta, 

Breton, Bayou Sauvage, Big branch 
4-450 

LA NWR East Timbalier Island  - 350 
MS NSS Gulf Islands  - 490 

MS NWR 
Sand Hill Crane 

Complex 
Grand Bay , Bon Secour 590 

MS NP Fort Massachusetts  - 470 
MS NP Ship Island  - 470 
MS W Gulf Island Horn Island, Petite Bois Island 504 
TX NERR Mission-Aransas  - 320 
TX NSS Padre Island  - 430 

TX NWR 
South Texas Refuges 

Complex 

Lower Rio Grande Valley, Laguna Atascosa, 
Aransas, Big boggy, San Bernard, Brazoria 
Wildlife Refuge, Moody, Anhuac, McFaddin, 

Texas Point 

15-500 

 

In additional to nationally protected lands, numerous instances of protected land exist under state, county, 

city, and private jurisdiction (Table 8-3). Preserves, refuges, wildlife management areas, and sanctuaries are 

driven by conservation and focus on providing long-term protection to native plant and animal species and 

also provide nature-based recreation activities. Beaches and parks are primarily focused on providing human 

recreational activities, though also often include conservation as part of their mission statements. In all cases, 
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the economic, cultural, and social value of these protected lands is very high. It should be noted that the 

predicted probability of shoreline oiling is highly influenced by the proximity of the protected area to the 

discharge point and the type and quantity of hydrocarbon release being modeled. Small quantities of lighter 

products at larger distances will have a comparatively low probability of reaching a given area and are likely 

to dissipate more rapidly upon doing so. In contrast, heavier products may travel great distances and residual 

fractions would take long periods of time to degrade, therefore resulting in a higher probability of oil reaching 

distant areas. A careful consideration of probability and state of weathering as a function of these factors 

should be undertaken when interpreting results between oil types and the protected areas listed herein.  

 

Table 8-3. Protected lands of local jurisdiction aggregated by state and protected land type. 

Locally Protected Lands   

State Preserves WMAs Refuges Beaches Parks Total 

Average 
distance 

from 
Sabine 
Lake 
(km) 

Minimum 
distance 

from 
Sabine 
Lake 
(km) 

AL 1 0 0 4 14 19 525 525 

FL 9 6 0 6 13 34 1,020 525 

LA 0 6 5 1 2 14 315 5 

MS 5 0 0 0 2 7 430 500 

TX 2 4 2 12 15 35 240 25 

Total 17 16 7 23 46 109   

For simplicity, this table combines terrestrial and aquatic preserves as “preserves”; wildlife management areas and water management 
areas as “WMAs”; and wildlife refuges, environmental areas, bird sanctuaries, and Audubon preserves and “refuges”. 

 

 Texas 
The Texas coast includes several areas of national jurisdiction including ten separate national wildlife refuges 

(NWR) (Lower Rio Grande Valley, Laguna Atascosa, Aransas/Matagorda, Big Boggy, San Bernard, Brazoria, 

Moody, Anhuac, McFaddin, and Texas Point), Padre Island National Seashore, and Mission-Aransas National 

Estuarine Reserve (Table 8-2). These refuges contain a diverse set of habitat types; the largest population of 

ocelots in the U.S.; and is a major migration flyway which provide habitat for nearly half of all bird species found 

in the continental U.S. Big Boggy, Sand Bernard, and Brazoria NWR have been recognized as Internationally 

Significant Shorebird Sites by the Western Hemisphere Shorebird Reserve Network and Texas point has been 

recognized as Globally Important Bird Areas of the United States by American Bird Conservancy. Padre Island 

National Seashore contains nesting sites for Kemp’s ridley sea turtle, a critically endangered and the rarest sea 

turtle species in the world. Species such as the endangered ocelot, whooping crane, and threatened reddish 

egret are also found within these refuges.  

In addition to the national resources listed above, the Texas gulf coast, Port Arthur, and Sabine Lake area 

contain four wildlife management areas (J.D. Murphree, Lower Neches, Mad Island, and Justin Hurst) and a 

minimum of 12 beaches and 45 additional parks mostly of state, but also of county and private jurisdiction 

(Table 8-3). Although the average distance to these protected areas is approximately 240 km, some are as 

close as 25 km and others as far as 550 km. Although some offshore scenarios were predicted to have low 

probabilities of shoreline oiling anywhere along the Texas coast (<1%) in some scenarios, the probability of 

surface oil reaching the Texas coast ranged from 50% near Sabine Lake to 1% on the southern edge.  
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 Louisiana 
Louisiana contains eight NWRs as part of the Southwest Louisiana National Wildlife Refuge Complex. These 

include Sabine, Cameron Prairie, Shell Keys, Delta, Breton, Bayou Sauvage, and Big Branch. These lands 

serve as habitat for migratory waterfowl and constitute important portions of the Mississippi flyway. Breton 

contains one of the largest seabird colonies in the nation and has been designated as a Globally Important Bird 

Area by the American Bird Conservancy and The Nature Conservancy. At Delta NWR, it is estimated that tens 

of thousands of waterfowl winter (Table 8-2).  

Louisiana’s extensive network of estuary marshes, and bayous offer valuable nursey grounds for brown and 

white shrimp, blue crab, and numerous freshwater and saltwater fish species including the endangered Gulf 

sturgeon. These species are major targets of commercial fishing and contribute to the greater ecological 

wellbeing of the area; thus, supporting marine mammals, and other large charismatic species.  

The Louisiana coastline also contains eleven wildlife refuges and management areas of local jurisdiction, 

including Paul J Rainey, State, Marsh Island, Isles Dernieres Barrier Islands, Elmer Island, Rockefeller, 

Atchafalaya Delta, Pointe Aux Chenes, Pass A Loutre, Biloxi, and Pearl River. In addition to offering safe harbor 

for wildlife, this network of protected lands protects the Louisiana coastline by providing an important buffer to 

storm surge events (Table 8-3). The average distance from Sabine Lake to these protected areas is around 

315 km, with some as close as 3 km and as far 480 km. Although some scenarios were predicted to have low 

probability of shoreline oiling anywhere along the Louisiana coast (<1%), in some scenarios, the probability of 

surface oil reaching the Louisiana coast ranged from 40% near Sabine Lake to 1% on the eastern edge.  

 

 Mississippi 
The Sandhill Crane National Wildlife Refuge complex contains both Grand Bay and Bon Secour National 

Wildlife Refuges. Grand Bay contains diverse habitats but was primary established to protect one of the last 

tracts of wet pine savannah of which less than 5% of their original land cover remain. Bon Secour provides 

habit for over 360 species of bird, nesting sites for three species of sea turtles, and refuge for the endangered 

Alabama beach mouse (Table 8-2).  

Mississippi also contains the historically significant Ship Island and Fort Massachusetts National Parks as well 

as Gulf Island National Seashore which includes the Gulf Island Wilderness of Horn Island and Petite Bois 

Island. An additional five preserves and a minimum of two parks of local jurisdiction can also be found on the 

Alabama coastline (Table 8-3). All of the Mississippi coastline is over 415 km from Sabine lake and across all 

scenarios the probability of reaching the Mississippi coastline was predicted to range from 1-10%.  

 Alabama 
Alabama is home to Weeks Bay National Estuarine Research Reserve which is jointly managed by NOAA and 

Alabama Department of Conservation and Natural Resources. It is part of a research network of estuaries 

designed to inform the national understanding of these important ecosystems, as well as provide stewardship, 

conservation, and educational opportunities. The reserve provides habitat for bald eagles and several 

threatened and endangered species including the eastern indigo snake. An additional 18 coastal beaches and 

parks are also located here including the USS Alabama Memorial Park and Wildlife Preserve (Table 8-2 and 

Table 8-3). The Alabama shoreline is approximately 525 km from Sabine lake.  

 Florida 
Northern Florida contains eight national wildlife refuges, six of which are contained within the North Florida 

Refuge Complex: St. Vincent, Pinellas, St. Marks, Lower Suwannee, Chassahowitzka, and Egmont Key NWRs 
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as well as Crystal River, Cedar Key NWR. Combined these refuges contain tens of thousands of migratory and 

sea bird nesting sites, sea turtle nesting sites, land for reintroduction of the critically endangered red wolf, the 

endangered West Indian manatee, the threatened gopher tortoise, and habitat for thousands of other species 

including alligator, bears, gopher, nutria, otter, and mink. Additional lands of national jurisdiction include 

portions of the Gulf Island National Seashore and Apalachicola National Estuarine Research Reserve (Table 

8-2).  

Northern Florida also contains numerous instances of protected lands under local jurisdiction. These include 

two water management areas (Choctawhatchee-Holmes Creek and Garcon Point); four preserves (Flint Rock, 

Tide Swamp, Chassahowitzka, Box-R Wildlife Management Areas), seven aquatic preserves (Fort Pickens, 

Yellow River Marsh, St. Andrews, St. Joseph Bay, Apalachicola Bay, Alligator Harbor, and St. Martins Marsh); 

eight areas designated as Outstanding Florida Water (Gulf Island National Seashore, Topsail Hill, St. Andrews, 

Cape St. George State Reserve, Mashes Sands, Aucilla River, Econfina River, and Cedar Keys); St. Joseph 

Bay State Buffer Preserve; Apalachicola River Wildlife and Environmental Area; Robert Crown Wilderness 

Area; and at least 16 public beaches and parks (Table 8-3).The majority of Florida’s coastline was predicted to 

have less than a 1% probability of being oiled, even when the most persistent hydrocarbons with the highest 

volumes were simulated. However, several scenarios did have a low predicted probability of surface oiling in 

the northwest panhandle and the southern tip of the state and the Florida Keys.  

 

8.3 Critical Habitats 
NOAA’s ESI defines critical habitats as areas of high importance for the support and recovery of species listed 

under the ESA (NOAA 2019a). The sargassum of the GOM is an important habitat for many species and 

designated by NOAA as critical habitat for loggerhead turtles. The coastlines of Texas contain critical habitat 

for piping plovers and whooping cranes. Whooping cranes are primarily concentrated in the Aransas National 

Wildlife Refuge in San Antonio Bay, 55 km (35 mi) south of Victoria and around 330 km from the closest 

modeled discharge point, whereas piping plover habitat is spread throughout the GOM coast. The highest 

concentrations of piping plover critical habitat within the Project Area are found in Laguna Madre near 

Brownsville, Corpus Christi Bay, and stretches towards Freeport (approximately 3 mi) and Galveston, Texas. 

Piping plover habitat is defined as shorelines that support, or have the potential to support, open, sparsely 

vegetated sandy habitats, such as sand spits or sand beaches, that are associated with wide, unforested 

systems of dunes and inter-dune wetlands. Wintering piping plovers in Texas prefer bare or very sparsely 

vegetated tidal mudflats, sand flats, or algal flats. These areas support large numbers of insects and other 

invertebrates eaten by plovers. Fewer than 3,000 breeding pairs of piping plovers were detected in the U.S. 

and Canada in 2000 (USFWS 1999; Texas Parks and Wildlife Department 2000).  

In addition to piping plovers, several species of sea turtles (all of which are endangered or threatened) make 

their nests along the beaches of the GOM coast and have the potential to face adverse effects in the event of 

a spill reaching the shore (Figure 8-1).  

Although the Aransas National Wildlife Refuge is approximately 330 km from the closest modeled discharge 

point, several scenarios demonstrate between 20-50% probabilities of surface oiling in the vicinity. Aransas 

supports the last self-sustaining wild population of endangered whooping cranes in the world. Approximately 

9,000 ha (22,240 acres) of salt flats on the Aransas National Wildlife Refuge and nearby islands constitute the 

bulk of wintering grounds of the whooping crane. Grasslands are actively maintained, and human activity is 

heavily controlled in the area. Whooping cranes depend on food stocks of blue crabs that require proper 

balances of salinity for healthy populations. They are also easily disturbed by human activity and are particularly 

sensitive to people on foot. This and historical overhunting have reduced their numbers to just 505 individuals 

(USFWS 1978, 2007; Butler and Harrell 2018). 
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Another species federally listed as near-threatened, threatened, or endangered include the West Indian 

manatee, which may be affected because they are present within modeled footprints, but not likely to be 

adversely affected because the predicted probabilities of oiling were low. Additionally, the snowy plover, Gulf 

sturgeon, Acropora corals (elkhorn and staghorn corals), and smalltooth sawfish have critical habitat in the 

northern GOM, and southern tip of Florida, respectively (Figure 8-2). 

 

Figure 8-1. Sea Turtle Nesting Sites throughout the GOM. 
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Figure 8-2. Critical Habitat for Gulf sturgeon, Smalltooth Sawfish, and Acropora corals 
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8.4 Essential Fish Habitats 
Essential fish habitat (EFH) is defined by the Magnuson-Stevens Act as waters and substrate necessary for 

fish spawning, breeding, feeding, or growth to maturity. The majority of the lagoons and bays along the U.S. 

Gulf Coast are defined by NOAA as EFH for red drum (NOAA 2019c). The first 100 km (62 mi) offshore is 

considered EFH for coastal and migratory pelagic fish, 42 species of reef fish, 4 species of shrimp, and 9 

species of shark. There are also scattered coral reefs throughout the GOM with some locations as near as 60 

km (37 mi) to the Texas/Louisiana Coast, TX (NOAA 2019c). Additionally, the massive patches of seasonally 

varying Sargassum has been recognized for its role in providing habitat for adults and serving as a refuge for 

juveniles of myriad species. Figure 8-3 depicts essential fish habitat in the GOM for red drum, spiny lobsters, 

and corals. 

The GOM is designated as EFH for at least nine species of popular deepwater recreational and commercial 

fish (albacore tuna, bigeye tuna, bluefin tuna, skipjack tuna, yellowfin tuna, swordfish, blue marlin, longbill 

spearfish, white marlin), and the coastal sailfish. It is also designated as EFH for at least nine species of pelagic 

shark (bigeye, thresher, dusky, longfin mako, night, oceanic whitetip, shortfinned mako, silky, smoothhound 

spp.) and another 15 coast shark species (scalloped hammerhead, Atlantic sharpnosed, bignosed, blacknosed, 

blacktip, bonehead, bonnethead, bull, finetooth, lemon, nurse, sandbar, spinner, tiger, and whale). These large 

predatory fish and sharks are particularly vulnerable as they face pressure from pollution, international fishing, 

and decreased abundance of prey items due to commercial fishing (Roff et al., 2018; Meyers et al., 2003). 

 

Figure 8-3. Essential Fish Habitat for Selected Species. 
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8.5 Overlay Analysis of High Consequence Areas 

 On-Land Discharge HCA Analysis 
The OIMLAPLand trajectory and fates results from Section 6.2 were used to determine whether high-

consequence areas (HCAs) adjacent to on-land portions of the pipeline had the potential to be affected, should 

there be an oil discharge. The analysis included a count of identified HCAs as well as a determination of the 

length of pipeline that had the potential to impact an HCA in the event of a discharge. Geographic data was 

gathered for the five HCA categories as defined in 49 CFR § 195.450 and 49 CFR § 195.6: commercially 

navigable waterways (CNW), high population areas (HPA), other populated areas (OPA), drinking water 

resources (DW), and ecological resource unusually sensitive areas (ECO) (Table 8-4, Figure 8-4).  

 

Table 8-4. HCA Categories used for the on-land HCA analysis. 

HCA Category Description Source Notes 

Commercially 

Navigable 

Waterways 

(CNW) 

Derived from the USACE National 

Waterway Network database 

(excludes all non-commercial routes 

designated as no-traffic, non-

navigable, and/or for special vessels 

such as fishing, power, and 

recreational boats). 

Version 5 of the PHMSA 

National Pipeline Mapping 

System website 

Converted line data to 

polygons and matched to 

extent of waterway using 

aerial imagery. 

HPA (High 

Population Areas) 

Identified by the U.S. Census Bureau 

as “urbanized”.  

Version 4 of the PHMSA 

National Pipeline Mapping 

System website 

- 

OPA (Other 

Populated Areas) 

Identified by the U.S. Census Bureau 

as a "designated place”. 

Version 4 of the PHMSA 

National Pipeline Mapping 

System website 

- 

Drinking Water 

Resources (DW) 

Includes sources supplied by surface 

water/wells where secondary water 

sources are not available. 

Version 4 of the PHMSA 

National Pipeline Mapping 

System website 

- 

ECO 

Locations where critically imperiled 

species can be found, areas where 

multiple examples of federally listed 

threatened and endangered species 

area found, areas where migratory 

waterbirds concentrate. 

Version 4 of the PHMSA 

National Pipeline Mapping 

System website 

- 

 

[Non-public data has been removed to maintain confidentiality] 

 

Figure 8-4. HCAs used in the analysis of on-land Pipeline Segments 1-3. 

 

Potentially affected HCAs were categorized as direct impacts, where the pipeline intersects the HCA, or indirect 

impacts, where discharge from the pipeline had the potential to move, thereby intersecting an HCA. Direct and 

indirect analyses were performed for Pipeline Segment 1 and 3 (see Figure 2-2). For Pipeline Segment 2, only 
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a direct analysis was performed (e.g., Sabine Lake), as overland discharge simulations were not performed 

using OILMAPLand. Indirect impacts for Pipeline Segment 2 are represented with the inshore overlay analysis 

of SIMAP results (Section 8.5.2). Direct results used only the pipeline centerline; thus, there as only one set of 

results for both the Bakken and CLB products. For the indirect analysis, the HCA analysis was performed 

separately for the Bakken and CLB trajectory and fate results.  

The on-land pipeline (Pipeline Segment 1, 2, and 3) directly crosses an HCA over 9.8% of the length of Segment 

1, 100% of the length of Segment 2, and 0.3% of the length of Segment 3. For Segment 1 and 3, greater 

percentages of the pipeline length have the potential to impact HCAs, due to the overland and downstream 

movement of oil, with greater percentages of “could affect” segments associated with the Bakken (Table 8-5). 

Individual HCAs identified by this analysis that could be affected by a potential discharge include commercially 

navigable waterways, high population areas, and other populated areas (Table 8-6). 
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Table 8-5. Percent “could affect” segments for on-land pipeline HCA analysis. 

Pipeline Segment 

% of Pipeline Length Denoted as “Could Affect” Segments 

Direct Indirect 

Both Products Bakken CLB 

Pipeline Segment 1 9.8% 56.8% 32.4% 

Pipeline Segment 2 100% N/A  

Pipeline Segment 3 0.3% 72.5% 45.8% 

 

Table 8-6. Identified HCAs that could be affected by on-land pipeline discharges. 

HCA Name/Type 

Direct Impacts Indirect Impacts 

Both products Bakken CLB 

Pipeline 
Segment 

1 

Pipeline 
Segment 

2 

Pipeline 
Segment 

3 

Pipeline 
Segment 

1 

Pipeline 
Segment 

3 

Pipeline 
Segment 

1 

Pipeline 
Segment 

3 

[Non-public data has been 
removed to maintain 

confidentiality] 

X   X  X  

X   X  X  

X   X  X  

X   X  X  

X   X  X  

 X  X X X X 
  X  X  X 

 

 Inshore and Offshore Overlay Analysis 
The stochastic SIMAP trajectory and fates results from Section 7.1.4 were used in an overlay assessment to 

determine whether resources located near the hypothetical discharge locations had the potential to be affected 

following each simulated discharge. The GIS overlay assessment included a count of any identified resource 

features (points, lines, or polygons) that were predicted to be intersected by the trajectories of the discharged 

oils. The identified resources include PHMSA defined HCAs that were present in the area (Table 8-7). These 

data layers contained several sub-types (‘Area Types’ in subsequent tables) for which area counts and 

‘Location/Description/Species’ names were combined, when appropriate. Any oil that passed through a 

resource was assumed to have had the potential to affect the identified resource. Any resource features that 

were located adjacent to shorelines, but not directly intersected by the oiling, were also assumed to be affected. 

These data represent a snapshot of the spatial distribution of resources obtained from static datasets. The 

spatial distribution and extent of these resources may change over time. This overlay analysis is overly 

conservative and does not consider exposure as either concentration or duration, but rather a binary “yes/no” 

that any amount of oil (however small) has the potential to intersect or make contact with a resource and 

therefore has affected it. 
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Table 8-7.  Geographic data layers used for the HCA overlay analysis for the inshore and offshore SIMAP 
modeling trajectories. 

HCA Category Description Source 

Commercially Navigable 

Waterways (CNW) 

Derived from the USACE National 

Waterway Network database (excludes all 

non-commercial routes designated as no-

traffic, non-navigable, and/or for special 

vessels such as fishing, power, and 

recreational boats). 

Version 5 of the PHMSA National 

Pipeline Mapping System website 

High Population Areas (HPA) 
Identified by the U.S. Census Bureau as 

“urbanized”.  

Version 4 of the PHMSA National 

Pipeline Mapping System website 

Other Populated Areas 

(OPA) 

Identified by the U.S. Census Bureau as a 

"designated place”.  

Version 4 of the PHMSA National 

Pipeline Mapping System website 

Drinking Water Sources 

(DW) 

Includes sources supplied by surface 

water/wells where secondary water 

sources are not available.  

Version 4 of the PHMSA National 

Pipeline Mapping System website 

Ecological Sensitive Areas 

(ECO) 

Locations where critically imperiled 

species can be found, areas where 

multiple examples of federally listed 

threatened and endangered species area 

found, areas where migratory waterbirds 

concentrate. 

Version 4 of the PHMSA National 

Pipeline Mapping System website 

National Parks (NPS) 

Boundaries of National Parks designated 

by the U.S. National Park Service. Marine 

Protected Areas (MPAs) are included in 

the boundaries of the National Parks.  

NPS, 2020 

 

Summary tables were prepared for each discharge location identifying the type and count of each resource 

potentially affected by the simulated oil trajectories (floating or shoreline oil). It is likely that in the event of a 

discharge, hydrocarbons may temporarily affect the use or suitability of each identified resource. It is important 

to note that the various GIS data layers contain overlapping information and that the information included in 

the data layers is not quantified by area or linear distance. This analysis is strictly a count of spatial features 

that were intersected by the oil trajectory. Therefore, identified counts of affected features may overstate a 

portion of the resources potentially affected and should only be used to compare the relative effects from one 

modeled discharge to another, rather than a quantified number of affected resources. Results can be compared 

between scenarios at the same discharge location, but caution should be exercised when comparing the counts 

between discharge locations, as the spatial extents of each different resource data layers vary and data for a 

particular resource may exist for one site but not for another.  

The overlay analysis was almost completely controlled by the scenario type, with oil type/discharge volume 

and start date having the largest impact on the trajectory. The results of the overlay analysis for HCAs were 

broken up by inshore (Table 8-8) and offshore (Table 8-9) scenarios. Scenarios modeled with the largest 

volumes during periods of high variability in currents and winds resulted in the largest potential trajectories and 

therefore the largest predicted numbers of HCAs affected from the suite of unmitigated representative 

scenarios. In general, the scenarios modeled with persistent oils (i.e., HFO 380 and CLB) resulted in larger 

predicted numbers of HCAs affected compared to the scenarios modeled with Bakken and Diesel. 
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Table 8-8. Overlay analysis for the Inshore 95th percentile shoreline exposure scenarios (at the Neches River and 
Sabine Lake). Numbers indicate the counts of HCAs potentially affected by oil. 

 

[Non-public data has been removed to maintain confidentiality] 
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Table 8-9. Overlay analysis for the Offshore 95th percentile shoreline exposure scenarios (at the Neches River 
and Sabine Lake). Numbers indicate the counts of HCAs potentially affected by oil. 

 

[Non-public data has been removed to maintain confidentiality] 

 

8.6 Impact Analysis of Results 

 Habitat Exposure Thresholds 
For this modeling analysis, the behavior of the oil and diesel products along the shoreline was based on the 

holding capacity of each shore type, which varied based on shoreline slope and permeability (French et al., 

1996). In general, coarse sediments, such as gravel or cobble, can retain more oil than finer sediments, like 

clay or sand (Gundlach 1987; French et al., 1996). Wetland habitats were assumed to have a higher holding 

capacity, as they are regularly inundated with water, and oil products could be transported farther inland into 

these areas. Oil type also affects the degree of shoreline oiling, with heavier oils (higher viscosity) able to form 

thicker oiled layers than light or medium products (Gundlach, 1987).  

A shoreline oiling threshold of 1 g/m2 was applied in the current study as a conservative approach to assess 

the risk of spills to shoreline habitats (see review in French-McCay 2016). Oil ashore at this 1 g/m2 threshold 

may appear as a thin dull brown coat, and may be patchy and discontinuous, or composed of scattered tar 

balls that would require shoreline clean-up efforts (French-McCay 2016). The surface oiling threshold of 0.1 

g/m2 would represent an amount of oil that would appear as a colorless or silvery/grey sheen and was selected 

as a conservative threshold that could limit socioeconomic activities in the area (French-McCay 2016). 

 Potential Oil Effects 
Sensitivity to oil on the surface, in the water column, and on shorelines varies for each environmental 

component and is dependent on the duration of exposure and state of weathering of oil product. Lethal and 

sublethal thresholds for surface floating, water column concentration, and shoreline oiling were developed and 

described by French-McCay (2016) using bioassays and a thorough literature review. Fish and invertebrates 

come in direct contact with oil in the water column where potential lethal or sublethal effects are related to the 

concentrations of soluble hydrocarbons, primarily polynuclear aromatic hydrocarbons (PAHs), dissolved in the 

water. Fish larvae are one of the most sensitive groups to an oil spill, with conservative lethal thresholds of 0.1-

1 µg/l (ppb) total PAHs, which is approximately 100 µg/l (100 ppb) total hydrocarbon concentrations in a crude 

oil that contains 1% PAHs (French-McCay 2016).  

Air-breathing marine wildlife, including birds, marine mammals, and sea turtles are directly affected by an oil 

discharge through fouling by floating oil, which can limit thermoregulatory processes of feather- and fur-bearing 

animals, feeding and motility problems, and/or inhalation of toxic volatiles evaporating at the surface. In 

addition, effects can arise from hydrocarbon exposure through direct consumption of oil product or 

contaminated prey and reductions in prey availability associated with a spill (French-McCay 2016). Sargassum 

floating in areas of surface oiling may become fouled. Oiling of Sargassum also exposes the organisms using 

that habitat to higher concentrations of contaminants (Powers et al., 2013). Lethal and sublethal thresholds of 

floating oil for these ecosystem components is estimated to be 10 g/m2 (10 µm) and 1 g/m2 (1 µm), respectively 

(French-McCay 2016).  

Shore-based organisms are primarily affected through interaction with oil that has stranded on shore. For birds, 

it is likely that fouling from oil would occur primarily on an animal’s feet or legs, but feathers may become 

contaminated via grooming. The survival and reproductive capacity of invertebrates in intertidal or wetland 
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habitats can be affected through smothering as oil is stranded on shore. Lethal and sublethal thresholds from 

shoreline oiling for shore-based wildlife are estimated as 100 g/m2 and 10 g/m2, respectively. Toxicity for 

invertebrates that burrow into the sediments depends on oil penetration into the sediment and lethal and 

sublethal thresholds are estimated to be higher than epifaunal invertebrates at 2,000 g/m2 (2 mm) and 200 

g/m2 (200 µm), respectively (French-McCay 2016). 

Shoreline vegetation in intertidal and wetland habitats is susceptible to a range of effects from defoliation to 

complete die-offs after an oil discharge that leads to shoreline oiling. Effects on vegetation vary based on the 

growth stage of the plant, the amount of oil washed ashore, and the timing of impact. Based on observations 

from previous studies (reviewed in French-McCay 2016), vegetation is likely most vulnerable during the growing 

season, with lethal thresholds estimated as 5,000 g/m2 (5 mm) and sublethal thresholds at 1,000 g/m2 (1 mm).  

 Analysis of Results 
The four oil types modeled in this study included a diesel fuel, a heavy fuel oil (HFO 380), a light crude oil 

(Bakken), and a heavy diluted bitumen (CLB). In general, lighter oils tended to evaporate quickly upon 

surfacing, limiting the amount of oil remaining on the surface or stranded ashore, while heavier oils were more 

persistent in the environment. The deterministic trajectory and fate results are presented in full in Section 7.2.  

For the inshore worst-case scenarios modeled (C-1 through C-4), the 11,747 m3 (73,884 bbl) discharge of CLB 

at the Sabine Lake MP-19.5 (C-2) resulted in the largest amount of shoreline oiling across the worst-case 

inshore shoreline oiling scenarios (i.e., C-1 through C-4) (Table 7-2; Table 8-10 through  

Table 8-13). Across the four modeled inshore scenarios, the artificial/manmade shoreline was the most 

susceptible shore type to contamination, followed by mudflat. This was the result of these two shore types 

making up 28% of the shoreline habitat (Table 8-1), and they’re presence in proximity to the discharge location.   

For the offshore worst-case scenarios modeled (O-1 through O-18), the 333,873 m3 discharge of CLB at the 

WC 509 VLCC (O-12) resulted in the largest of amount of shoreline oiling without mitigation measures 

implemented (Table 7-5; Table 8-14 through Table 8-33). This was expected, as the O-12 was simulated with 

the largest release volume and the CLB was a more persistent oil. Similarly, due to its highly persistent nature, 

HFO 380 resulted in large amounts (~300-400 miles) of shoreline oiling (O-6 and O-16), even though release 

volumes were only 7,773 m3. As described in Section 7.2., the Bakken was generally predicted to result in less 

shoreline impact, when compared to CLB and HFO 380. For Bakken, the largest shoreline effect was predicted 

for the WC 44 nearshore pipeline location. Bakken is more volatile than CLB and while the nearshore discharge 

volume (81,632 m3) was much lower than the VLCC WCD discharges, the location was closer to land. 

Therefore, the Bakken did not have as much time to evaporate, disperse, and degrade prior to reaching the 

shoreline. Diesel fuel also resulted in very little shoreline oiling due to the majority of the product being volatile 

(i.e. nearly complete evaporation) and the small volume of the discharges (406 m3). For all oil types, shoreline 

oiling from the offshore discharges occurred primarily on the outer coast, mostly on coastal barrier beaches 

(Table 8-14 through Table 8-33). Most wetland (saltmarsh and mangrove), mudflats, oyster reefs and seagrass 

beds in the project area were predicted to be protected from offshore spills by the barrier islands. Coral reefs 

were not present along the affected Texas and Louisiana coastlines and were generally deeper than predicted 

contamination, which had significant oil concentrations near the spill sites. 
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Table 8-10. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the C-1 95th percentile shoreline 
exposure scenario modeled on Oct. 1, 2008 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 10 10 9 16 15 14 

Gravel beach 2 2 2 4 4 4 

Sand beach 1 1 1 2 2 2 

Mudflat 12 12 11 20 19 17 

Wetland 10 10 8 17 16 12 

Artificial / manmade shoreline 31 30 - 49 49 - 

Total 66 65 31 107 105 49 

Mexican / Cuban Territory   

Total NA NA NA NA NA NA 

All Shorelines   

Total 66 65 31 107 105 49 

 

Table 8-11. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the C-2 95th percentile shoreline 
exposure scenario modeled on Nov. 1, 2006 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 12  12  12  19  19  19  

Gravel beach 8  8  8  13  13  13  

Sand beach 7  7  7  12  12  12  

Mudflat 24  24  24  39  39  39  

Wetland 10  10  10  16  16  16  

Artificial / manmade shoreline 32  32  -    51  51  -    

Total 94  94  62  151  151  99  

Mexican / Cuban Territory   

Total NA NA NA NA NA NA 

All Shorelines   

Total 94  94  62  151  151  99  

 

 

 

 

 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 291 

Table 8-12. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the C-3 95th percentile shoreline 
exposure scenario modeled on Mar. 1, 2010 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 2 1 1 3 2 1 

Gravel beach 0 0 0 0 0 0 

Sand beach 2 2 1 3 3 2 

Mudflat 1 1 0 2 2 1 

Wetland 1 0 0 1 1 0 

Artificial / manmade shoreline 11 10 - 18 15 - 

Total 17 14 3 27 23 5 

Mexican / Cuban Territory   

Total NA NA NA NA NA NA 

All Shorelines   

Total 17 14 3 27 23 5 
 

Table 8-13. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the C-4 95th percentile shoreline 
exposure scenario modeled on Mar. 15, 2010 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 6  6  6  9  9  9  

Gravel beach -    -    -    -    -    -    

Sand beach -    -    -    -    -    -    

Mudflat 2  2  2  4  4  4  

Wetland 11  11  11  18  18  17  

Artificial / manmade shoreline 2  2  -    4  4  -    

Total 21  21  19  34  34  30  

Mexican / Cuban Territory   

Total NA NA NA NA NA NA 

All Shorelines   

Total 21  21  19  34  34  30  
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Table 8-14. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-1 95th percentile shoreline 
exposure scenario modeled on Jan. 1, 2008 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 1 1 - 1 1 - 

Gravel beach 43 38 19 69 62 31 

Sand beach 75 66 36 120 105 58 

Mudflat 1 1 - 1 1 - 

Wetland - 3 - - 5 - 

Artificial / manmade shoreline 3 3 1 5 5 - 

Total 121 111 55 195 179 89 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 121 111 55 195 179 89 
 

Table 8-15. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-2 95th percentile shoreline 
exposure scenario modeled on Sep. 15, 2006 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 31  31  31  49  49  49  

Gravel beach 150  150  150  242  242  242  

Sand beach 242  242  242  390  390  390  

Mudflat 76  76  76  122  122  122  

Wetland 96  96  96  154  154  154  

Artificial / manmade shoreline 93  93  -    150  150  -    

Total 688  688  595  1,107  1,107  957  

Mexican / Cuban Territory - - 

Total - - - - - - 

All Shorelines   

Total 688  688  595  1,107  1,107  957  
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Table 8-16. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-3 95th percentile shoreline 
exposure scenario modeled on Mar. 1, 2008 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - 3 - - 

Gravel beach - - - - - - 

Sand beach 2 - - 3 - - 

Mudflat - - - - - - 

Wetland - - - - - - 

Artificial / manmade shoreline - - - - - - 

Total 2 - - 3 - - 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 2 - - 3 - - 

 

Table 8-17. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-4 95th percentile shoreline 
exposure scenario modeled on Sep. 1, 2009 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 5  5  5  9  9  9  

Gravel beach 37  37  37  60  60  60  

Sand beach 65  65  29  104  104  46  

Mudflat 23  23  7  38  38  11  

Wetland 5  2  -    8  3  -    

Artificial / manmade shoreline 28  28  -    45  45  -    

Total 164  161  78  263  258  126  

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 164  161  78  263  258  126  
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Table 8-18. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-5 95th percentile shoreline 
exposure scenario modeled on Apr. 1, 2009 with Diesel. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - - - - 
Gravel beach - - - - - - 
Sand beach - - - - - - 

Mudflat - - - - - - 
Wetland - - - - - - 

Artificial / manmade shoreline 2 - - 3 - - 
Total       

Mexican / Cuban Territory   
Total 2 - - 3 - - 

All Shorelines   
Total 2 - - 3 - - 

 

Table 8-19. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-6 95th percentile shoreline 
exposure scenario modeled on Jan. 15, 2010 with HFO 380. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 9 9 9 15 15 15 

Gravel beach 93 93 93 149 149 149 

Sand beach 115 115 103 185 185 165 

Mudflat 34 34 32 54 54 51 

Wetland 28 28 11 45 45 18 

Artificial / manmade shoreline 16 16 - 26 26 - 

Total 294 294 248 473 473 399 

Mexican / Cuban Territory   

Total 56 56 51 90 90 82 

All Shorelines   

Total 350 350 299 563 563 481 
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Table 8-20. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-7 95th percentile shoreline 
exposure scenario modeled on May 15, 2007 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - - - - 

Gravel beach 1 1 - 2 1 - 

Sand beach 12 - - 19 - - 

Mudflat - - - - - - 

Wetland - - - - - - 

Artificial / manmade shoreline 9 6 - 15 10 - 

Total 22 7 - 36 11 - 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 22 7 - 36 11 - 

 

Table 8-21. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-8 95th percentile shoreline 
exposure scenario modeled on Oct. 15, 2007 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 7  7  7  18,686  12  12  

Gravel beach 67  67  66  108  108  106  

Sand beach 125  125  64  201  201  103  

Mudflat 21  21  19  34  34  30  

Wetland 20  10  -    32  15  -    

Artificial / manmade shoreline 31  31  -    50  50  -    

Total 272  262  156  437  421  251  

Mexican / Cuban Territory   
Total 1 1 0 1  1  -    

All Shorelines   
Total 273  263  156  438  422  251  
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Table 8-22. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-9 95th percentile shoreline 
exposure scenario modeled on Feb. 1, 2006 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 3 3 1 5 5 2 

Gravel beach 64 45 6 104 73 10 

Sand beach 90 75 17 145 120 27 

Mudflat 11 9 5 17 15 8 

Wetland 19 6 - 30 10 - 

Artificial / manmade shoreline 37 35 - 59 57 - 

Total 224 173 29 360 279 46 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 224 173 29 360 279 46 
 

Table 8-23. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-10 95th percentile shoreline 
exposure scenario modeled on Oct. 1, 2006 with CLB.  

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 25  25  25  41  41  41  

Gravel beach 133  133  133  215  215  215  

Sand beach 240  240  240  386  386  386  

Mudflat 35  35  35  57  57  57  

Wetland 62  62  60  100  100  96  

Artificial / manmade shoreline 81  81  -    130  130  -    

Total 577  577  494  928  928  794  

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 577  577  494  928  928  794  

 

 

 

 

 

 

 



 
REPORT 

20-P-208352  |  Blue Marlin DWP  |  Final  |  September 17, 2020 
rpsgroup.com 297 

Table 8-24. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-9a 95th percentile shoreline 
exposure scenario modeled on Jan. 1, 2006 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 8 7 2 13 12 3 

Gravel beach 47 39 8 76 63 13 

Sand beach 93 76 16 149 122 26 

Mudflat 37 33 16 60 53 26 

Wetland 26 13 5 42 21 8 

Artificial / manmade shoreline 38 32 - 62 52 - 

Total 250 201 47 402 323 75 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 250 201 47 402 323 75 

 

Table 8-25. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-10a 95th percentile shoreline 
exposure scenario modeled on Jan 1, 2008 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 22  22  22  36  36  36  

Gravel beach 158  158  158  254  254  254  

Sand beach 284  283  283  457  456  455  

Mudflat 35  35  35  56  56  56  

Wetland 33  33  31  53  53  49  

Artificial / manmade shoreline 82  82  -    132  132  -    

Total 613  613  528  987  986  850  

Mexican / Cuban Territory   

Total 1 1 1 1 1 1 

All Shorelines   

Total 614  614  529  988  987  851  
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Table 8-26. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-11 95th percentile shoreline 
exposure scenario modeled on Apr. 1, 2008 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 5 3 1 8 5 2 

Gravel beach 5 2 - 8 4 - 

Sand beach 40 33 4 65 53 7 

Mudflat 1 - - 2 - - 

Wetland 4 2 - 7 3 - 

Artificial / manmade shoreline 24 19 - 39 30 - 

Total 79 59 5 128 95 9 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 79 59 5 128 95 9 

 

Table 8-27. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-12 95th percentile shoreline 
exposure scenario modeled on Sep. 15, 2010 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 32  32  32  51  51  51  

Gravel beach 210  210  210  338  338  338  

Sand beach 265  265  265  427  427  426  

Mudflat 55  55  55  88  88  88  

Wetland 108  108  108  174  174  174  

Artificial / manmade shoreline 97  97  -    156  156  -    

Total 767  767  669  1,234  1,234  1,077  

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 767  767  669  1,234  1,234  1,077  
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Table 8-28. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-13 95th percentile shoreline 
exposure scenario modeled on Jul. 15, 2006 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - - - - 

Gravel beach - - - - - - 

Sand beach - - - - - - 

Mudflat 1 - - 2 - - 

Wetland - - - - - - 

Artificial / manmade shoreline - - - - - - 

Total 1 - - 2 - - 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 1 - - 2 - - 

 

Table 8-29. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-14 95th percentile shoreline 
exposure scenario modeled on Jan. 15, 2006 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 2  2  2  4  4  4  

Gravel beach 44  44  44  72  72  72  

Sand beach 85  85  35  136  136  57  

Mudflat 7  7  3  12  12  5  

Wetland 7  4  -    11  7  -    

Artificial / manmade shoreline 21  21  -    34  34  -    

Total 167  164  85  268  264  137  

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 167  164  85  268  264  137  
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Table 8-30. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-15 95th percentile shoreline 
exposure scenario modeled on Apr. 1, 2010 with Diesel. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - - - - 

Gravel beach - - - - - - 

Sand beach - - - - - - 

Mudflat - - - - - - 

Wetland - - - - - - 

Artificial / manmade shoreline 1 - - 1 - - 

Total 1 - - 1 - - 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 1 - - 1 - - 

 

Table 8-31. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-16 95th percentile shoreline 
exposure scenario modeled on Sep. 1, 2006 with HFO 380. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 5 5 5 9 9 9 

Gravel beach 56 56 56 90 90 90 

Sand beach 83 83 57 134 134 92 

Mudflat 160 160 139 257 257 224 

Wetland 60 60 22 96 96 35 

Artificial / manmade shoreline 50 50 - 80 80 - 

Total 414 414 279 666 666 449 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 414 414 279 666 666 449 
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Table 8-32. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-17 95th percentile shoreline 
exposure scenario modeled on Jan. 15, 2008 with Bakken. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore - - - - - - 

Gravel beach 5 2 - 8 4 - 

Sand beach 4 - - 6 - - 

Mudflat - - - - - - 

Wetland - - - - - - 

Artificial / manmade shoreline - - - - - - 

Total 8 2 - 14 4 - 

Mexican / Cuban Territory   

Total - - - - - - 

All Shorelines   

Total 8 2 - 14 4 - 

 

Table 8-33. Shore length oiled by shore type exceeding 1, 10, and 100 g/m2 for the O-18 95th percentile shoreline 
exposure scenario modeled on Feb. 15, 2010 with CLB. 

Shoreline Type Length Oiled (miles) Length Oiled (km) 

US Territory >1 g/m2 >10 g/m2 >100 g/m2 >1 g/m2 >10 g/m2 >100 g/m2 

Rocky shore 2  2  2  3  3  3  

Gravel beach 53  53  52  85  85  84  

Sand beach 147  147  51  236  236  82  

Mudflat 5  5  1  9  9  1  

Wetland 9  2  -    15  4  -    

Artificial / manmade shoreline 12  12  -    19  19  -    

Total 228  221  106  367  356  170  

Mexican / Cuban Territory   

Total 99 99 45 159 159 73 

All Shorelines   

Total 327  320  151  526  515  243  
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 Biological Effects Analyses 
The trajectory and fate modeling results were also used in a biological effects assessment. The assessment 

estimated the potential short-term (acute) exposure of biota to floating oil and subsurface oil contamination (in-

water and on-sediments) and predicted the resulting percent mortality. In each grid cell, acute toxicity to aquatic 

biota within pelagic (in water column) and demersal (bottom 1 m or 3.3 ft of the water immediately above the 

sediments) habitats were evaluated by tracking exposure for these different behavior groups. In rivers, where 

water depths could be less than 1 m (3.3 ft), the affected areas for water column and demersal biota were 

equal. Equivalent areas of 100% predicted morality were estimated for both the surface/shoreline and the water 

column. 

The results of the biological exposure model provide estimates of the equivalent area (km2) of 100-percent 

mortality by behavior group. Exposure to oil often results in less than 100-percent mortality and the percent 

mortality often varies by area. To compare the overall impact among discharge scenarios, the equivalent areas 

of 100-percent predicted mortality were estimated. For example, the equivalent area of 100-percent mortality 

would be the same for a discharge that resulted in 100-percent mortality over 1 km2 (0.386 mi2) versus 1-

percent mortality over 100 km2 (38.6 mi2).  

Acute toxicity for the surface/shoreline was based on the area swept by surface oil over a 10 µm threshold 

thickness for acute toxic effects. Biota potentially impacted by surface and shoreline oiling include waterfowl, 

aerial and diving birds, wetland and terrestrial wildlife, and fur-bearing marine mammals. Acute toxicity for in-

water effects was based upon sensitivities of 5 µg/L for sensitive species and 50 µg/L for average-sensitivity 

species. Biota potentially impacted by water column toxicity includes mobile and stationary demersal (bottom-

dwelling) fish and invertebrates, small pelagic (swimming) fish and invertebrates, large pelagic fish, benthic 

organisms residing within the bottom sediments, and plankton that drift with the currents. The equivalent areas 

of predicted mortality above the stated thresholds would only occur if the organisms were present in the areas 

affected by spilled oil, aligning in both space and time. A full description of the acute biological effects modeling, 

including selection of thresholds of concern and validation are provided in Sections 3.2.6 and 3.3.  

The area of potential effects on wildlife is presented as the water surface and shoreline area that was covered 

by oil above the thickness threshold for acute effects at any time during a scenario as presented in Section 7.2. 

In this case, a threshold thickness of 10 µm was considered for potential effects. It is important to note that the 

area of potential effects does not imply direct effects on all wildlife in that area; as the actual effects will be 

different for each wildlife type (Table 8-34) depending on the percent likelihood of encountering oil, which is 

based on behavior. While surface oil thicknesses are often greater than 10 µm in many regions of each modeled 

scenario, it is important to note that the biological modeling accounts for the duration of exposure, in 

combination with the concentration. The estimated equivalent areas of 100% mortality from surface and 

shoreline effects for inshore and offshore modeling can be seen in the top sections of Table 8-35 to Table 8-36. 

The potential effects on vegetation were evaluated as the length of shoreline that was predicted to be oiled 

beyond a threshold for acute effects. In these scenarios, the threshold of oiling was a thickness greater than 

100 µm, which was equivalent to approximately 100 mL or g of oil per m2 (10.8 ft2) habitat (Table 8-10 through 

Table 8-33).  

For both locations, shoreline oil exposure was predicted at thicknesses that could cause shoreline vegetation 

mortality in lengths less than 94 km (58 mi) for all inshore scenarios and 669 km (416 mi) for all offshore 

scenarios. In reality, mortality would only occur if the shoreline vegetation happened to be present in the areas 

predicted to be affected by spilled oil and at those points in time throughout the year. Most of the shoreline 

predicted to be affected was sand or gravel beach, where vegetation was expected to be limited (Table 8-10 

through Table 8-33).  

The results for the inshore scenarios from the SIMAP biological exposure model for wildlife (e.g., birds, marine 

mammals, wetland wildlife etc.) predicted that there would be concentrations of hydrocarbons on the water 
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surface that would have the potential to cause areas of acute mortality in each of the organism types evaluated. 

For the modeled inshore discharges, the groups with the highest potential for mortality were predicted to be 

surface diving birds, followed by manatees, and then sea turtles. Largest predicted effects were for surface 

diving birds during the Sabine Lake scenarios (C-1 and C-2), as the slick was predicted to spread over much 

of the surface of the lake. In-water effects were predicted to be highest for the Bakken oil scenarios (C-1 and 

C-3) because of the high soluble content and potential for entrainment and dissolution into the water column. 

Fish, invertebrates, benthic organisms, and planktonic organisms were all predicted to be affected. As would 

be expected, average sensitivity species were predicted to have lower equivalent areas of 100% mortality, 

when compared to the highly sensitive species. 

Offshore scenarios were far more variable than the inshore scenarios due to the wider range of product types, 

volumes discharged, and location of the spill. As would be expected, largest release volumes typically resulted 

in the largest equivalent area of potential effects. The largest effects were predicted to be for surface diving 

birds, followed by manatees and then sea turtles and aerial seabirds. In-water effects were predicted to be 

highest for the Bakken crude oil scenarios because of the high soluble content and potential for entrainment 

and dissolution into the water column. Similar to the inshore simulations, fish, invertebrates, benthic organisms, 

and planktonic organisms were all predicted to be affected in the offshore scenarios. Large pelagic fish 

generally has much smaller areas of mortality than other behavior groups. As would be expected, average 

sensitivity species were predicted to have lower equivalent areas of 100% mortality, when compared to the 

highly sensitive species. 

The results from the SIMAP biological exposure model for aquatic organisms (e.g., fish, invertebrates, plankton 

etc.) predicted that there would be concentrations of hydrocarbons in the water column (or in the sediment) 

that would have the potential to cause areas of acute mortality in each of the organism types evaluated. Species 

with moderate/average sensitivity had smaller predicted areas of mortality, when compared to high-sensitivity 

species. Scenarios modeled with Bakken crude typically had the largest areas of 100% equivalent mortality 

due to subsurface effects because of the soluble content of the oil. 
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Table 8-34. Examples of species comprising behavior groups used in biological effects analyses modeling. 

Behavior Group General Examples Specific Examples 

Dabbling waterfowl dabbling ducks, geese, 
swans Mallard, mottled duck 

Nearshore aerial birds   osprey, eagles, etc. bald eagle, osprey 

Surface diving birds  loons, diving ducks, 
cormorants, grebes, etc. redhead duck, common loon 

Aerial seabirds  gulls, terns least tern, laughing gull 

Wetland wildlife wading birds, shorebirds, 
crocodilians, rodents, etc. 

muskrats, American alligator, reddish 
egret 

Terrestrial wildlife deer, hawks, etc. white-tailed deer, wild pigs 

Cetaceans  dolphins and whales sperm whale, common bottlenose 
dolphin 

Manatees - west Indian manatee 

Sea Turtles - leatherback, Kemp’s ridley, green, 
hawksbill, loggerhead 

Demersal fishes flatfishes, skates, many 
roundfishes red drum, snook, flounder 

Demersal Invertebrates mollusks, corals, crabs, etc. oysters, Florida stone crab 

Small pelagic 
fish/invertebrates 

most schooling baitfish, some 
crustaceans, etc. menhaden, flying fish, pelagic crabs 

Large pelagic fish tunas, billfishes, etc. bluefin tuna, blue marlin 

Benthic – in sediments infauna worms, foraminifera, burrowing 
organisms, etc. 

Planktonic drifting species and life 
stages      zooplankton, ichthyoplankton, etc. 
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Table 8-35. The total surface, shoreline, and in-water equivalent area (km2) of 100% predicted mortality predicted 
to be oiled above specified thresholds for potential effects (10 µm, 5 µg/L, and 50 µg/L) for each modeled inshore 
(Neches River and Sabine Lake) scenario without mitigation measures implemented. 

Equivalent Area (km2) of 100% Predicted Mortality at Specified Threshold: 

Behavior Group C-1 C-2 C-3 C-4 
Surface and Shoreline Effects 10 µm 

Dabbling waterfowl 6 6 <1 5 

Nearshore aerial birds 3 4 <1 3 

Surface diving birds 146 152 7 5 

Aerial seabirds 17 21 <1 2 

Wetland wildlife 3 4 <1 3 

Terrestrial wildlife <1 <1 <1 0 

Cetaceans <1 <1 0 0 

Manatee 4 144 <1 27 

Sea turtles 86 4 2 0 

In-Water Effects 5 µg/L (High Sensitivity Species) 
Demersal fishes 129 8 106 3 

Demersal invertebrates 126 7 111 4 

Small pelagic fish / invertebrates 141 8 119 4 

Large pelagic fish 2 0 1 0 

Benthic – in sediments 126 8 109 3 

Planktonic 44 1 42 2 

In-Water Effects 50 µg/L (Average Sensitivity Species) 
Demersal fishes 51 1 25 <1 

Demersal invertebrates 49 1 27 <1 

Small pelagic fish / invertebrates 55 1 29 <1 

Large pelagic fish <1 0 <1 0 

Benthic – in sediments 48 1 26 <1 

Planktonic 8 <1 10 <1 
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Table 8-36. The total surface, shoreline, and in-water equivalent area (km2) of 100% predicted mortality predicted 
to be oiled above specified thresholds for potential effects (10 µm, 5 µg/L, and 50 µg/L) for each modeled 
offshore GOM scenario without mitigation measures implemented. 

 Equivalent Area (km2) of up to 100% Predicted Mortality at Specified Threshold: 
Behavior 

Group 
O- 
1 

O- 
2 

O- 
3 

O- 
4 

O- 
5 

O- 
6 

O- 
7 

O- 
8 

O- 
9 

O- 
10 

O- 
9a 

O- 
10a 

O- 
11 

O- 
12 

O- 
13 

O- 
14 

O- 
15 

O- 
16 

O- 
17 

O- 
18 

Surface and Shoreline Effects 10 µm 
Dabbling 
waterfowl 2 307  0 1 0 123 <1 13 73 204 17 226 <1 104 0 3 0 42 <1 1,093 

Nearshore 
aerial birds <1 109  0 0 0 43 <1 4 26 73 6 80 <1 37 0 1 0 15 <1 389 

Surface diving 
birds 7 70,530  60 632 3 4,784 665 760 6,370 22,578 115 35,135 6 109 2,411 236 5 4,175 49 2,567 

Aerial seabirds <1 3,821  3 32 <1 243 34 38 323 1,165 6 1,834 <1 6 122 12 <1 212 3 130 

Wetland wildlife 0 69  0 <1 0 9.3 0 3 19 42 5 28 0 18 0 <1 0 13 0 0 
Terrestrial 
wildlife 0 0  0 0 0 0 0 0 <1 <1 0 <1 0 <1 0 0 0 0 0 0 

Cetaceans 0 76  <1 1 0 5 <1 1 6 23 <1 37 0 0 2 <1 0 4 0 1 

Manatee <1 54,388  <1 479 0 49 7 576 65 17,197 1 26,842 <1 83 24 179 0 42 <1 1,946 

Sea turtles 2 766  21 6 <1 1,680 235 8 2,235 233 35 2,367 2 1 853 2 2 1,465 17 26 

In-Water Effects 5 µg/L (High-Sensitivity Species) 

Demersal fishes 2,717 1,564  <1 0 38 0 <1 23 691 483 0 69 2,930 497 0 0 28 <1 3 <1 
Demersal 
invertebrates 2,606 1,572  <1 0 41 0 1 14 728 410 0 588 2,977 509 0 0 29 0 4 <1 

Small pelagic 
fish / 
invertebrates 

2,759 1,470  <1 0 51 0 1 15 753 479 0 649 2,822 487 0 0 22 <1 4 0 

Large pelagic 
fish 515 38  0 0 0 0 <1 <1 56 0 0 <1 442 0 0 0 0 0 <1 <1 

Benthic – in 
sediments 2,637 1,464  <1 0 40 0 1 17 760 466 0 607 2,611 481 0 0 29 <1 4 <1 

Planktonic 1,469 1,187  1 0 95 0 3 29 243 225 0 12 1,068 323 0 0 4 0 3 0 

In-Water Effects 50 µg/L (Average-Sensitivity Species) 

Demersal fishes 887 229 0 0 2 0 0 1 132 110 0 88 767 10 0 0 2 0 0 <1 
Demersal 
invertebrates 760 255 0 0 2 0 0 <1 140 87 0 76 762 10 0 0 2 0 <1 0 

Small pelagic 
fish / 
invertebrates 

791 218 0 0 3 0 0 <1 153 108 0 92 711 12 0 0 1 0 0 0 

Large pelagic 
fish 54 1 0 0 0 0 0 0 <1 0 0 0 49 0 0 0 0 0 0 0 

Benthic – in 
sediments 848 252 0 0 2 0 0 1 168 102 0 85 634 10 0 0 2 0 0 0 

Planktonic 387 330 0 0 10 0 0 0 191 101 0 0 155 3 0 0 0 0 0 0 
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8.7 Habitat Recovery Rates 
Recovery of habitats is dependent on habitat type, oil contamination level, and clean-up and restoration 

measures. Shoreline and benthic habitat recovery rates presented in this section are primarily based on a 

review by French-McCay (2009). In the event of an oil spill, near-shore observations of the recovery of 

rocky, man-made, and artificial shorelines after oiling indicates that recovery occurred quicker when left 

untreated because of the obliteration of flora and fauna during the cleaning process. Recovery of untreated 

rocky shores typically occurred within three years of contamination, while the recovery of treated shores 

tended to be variable and delayed, between 3-10+ years. Mudflats and sand beaches have been found to 

have similar, but highly variable, recovery rates between 1-5 years, which were dependent on sediment 

conditions and disturbance during the response efforts. Salt marshes and wetland shore habitats can take 

from 3 to 20 years to recover after an oil spill. These habitats assist in the structural integrity of shorelines 

and high oiling events that lead to vegetation mortality can increase erosion rates along a coastline (Silliman 

et al., 2012). Restorative plantings and cleaning or removal of oil in these areas are considered effective 

treatments that can increase the recovery rate; however, direct observations of recovery have been highly 

variable. For mangroves, because they primarily consist of dense concentrations of mature, 50 to 70-year-

old trees, recovery from an oil spill and subsequent tree and vegetation die-off, can take between 10-50 

years. In all habitats, massive disturbances such as an oil spill, will likely lead to the elimination of animals 

associated with the region. The fauna will need to re-populate the area once the area is stabilized (i.e., 

clean-up operations cease). 

Recovery of seagrass and submerged aquatic beds has been observed to take from less than a year to 

over a decade. Recovery rate is based on extent of damage to the plants caused by oil contamination, with 

rapid recovery associated with only leaf damage and longer recovery times if there was severe damage to 

rhizomes. The recovery rate of these habitats can increase with restorative plantings after a spill. Oyster 

reefs may be destroyed during an oil spill if organisms die as a result of contamination, however, once a 

reef area is cleared of oil, reefs were found to recover within 1-2 years. Timing of recovery can be affected 

by timing of the spill impacts and whether physical destruction occurred. Coral reef recovery after complete 

destruction from an oil spill can take several decades. The level of effect on reefs is primarily based on the 

depth of the reef and level of oiling, with shallower reefs and large spills requiring longer recovery times.  

8.8 Mitigation Measures 
All measures available will be taken to mitigate the likelihood of a spill, including thorough training of 

operations personnel. Both the offshore port and vessels will have Emergency Response Plans for reporting 

and initiating the response to an oil spill. Vessel and DWP operators are required by law to have the 

response resources necessary to respond to a worst-case discharge or a contract with an Oil Spill 

Response Organization (OSRO) that owns and operates resources capable and ready to respond to a 

worst-case discharge and mitigate the potential impacts. For response and mitigation of an oil spill, the 

DWP operator will prepare and follow an Oil Spill Response Plan (OSRP). 

Response actions for the various shoreline habitats addressed in this analysis are based on information 

provided in the NOAA National Ocean Service’s 2010 document, Characteristic Coastal Habitats – 
Choosing Spill Response Alternatives (reprinted in March 2017). The Characteristic Coastal Habitats 
collection was originally designed as a companion to Environmental Considerations for Marine Oil Spill 
Response, published in 2001 by the American Petroleum Institute, NOAA, the U.S. Coast Guard, and the 

U.S. Environmental Protection Agency. Based on oil characteristics, Bakken and Diesel were classified as 

category II oils and CLB and HFO 380 were classified as category IV oils.  
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To prioritize response methods, the makeup of the shoreline oiled by habitat type should be considered. 

Each shoreline type has different physical and biological characteristics which respond to and retain oil 

differently. Sand beaches, gravel beaches, and mudflats are generally the most oiled natural habitats 

across our spill scenarios (Table 8-10 to Table 8-33).  

Common response methods with the lowest adverse impact are frequently utilized across different 

hydrocarbon spills; however, the best response methods are specified based on oil composition, type of 

coastline effected, and extent of oiling. Table 8-37 and Table 8-38 provide a summary of the approach for 

shoreline habitats recommended by NOAA (2017). Table 8-39 provides a similar analysis for mitigation 

methods that are applicable to subtidal (i.e., benthic) habitats and Table 8-40 provides analysis for methods 

applicable to the offshore environment.  

Recovery capacity volumes and effectiveness for various response equipment (e.g., oil skimmers and 

boom) to be employed by BMOP have been rigorously tested at the Oil and Hazardous Materials Simulated 

Environmental Test Tank (Ohmsett) in Leonard, NJ. The National Oil Spill Response Research & 

Renewable Energy Test Facility provides independent and objective performance testing of full-scale oil 

spill response equipment and helps improve technologies through research and development. Ohmsett 

uses American Society for Testing and Materials (ASTM) standards F-2084—01 Standard Test for 

Determining Nameplate Recovery Rate of Stationary Oil Skimmer Systems. Data has been compiled into 

a “World Catalog of Oil Spill Response Products” published by SL Ross Environmental Research Limited 

(SLRoss, 2013; 2017). 

For Diesel, because oil spill model results predicted that only one shoreline habitat would be affected (e.g., 

artificial/manmade), mitigation with the least adverse habitat effects would be methods including natural 

recovery, sorbents, debris removal, and low-pressure, ambient water flushing. The greatest potential 

adverse effects would be associated with steam cleaning and sand blasting.   

For a spill of Bakken oil, response methods with the least adverse impacts to shoreline habitats include use 

of sorbents, nutrient enrichment, debris removal, and flooding. For CLB or HFO 380, best response 

methods include debris removal, sorbent application and vacuuming.  

For all oil types modeled in this study sorbent application and natural recovery are the two response 

methods expected to have the least impact to corals and seagrasses. The offshore environment is less 

sensitive to response measures with all response options expected to have “least” or “some” adverse 

impact. It should be noted that a re-prioritization of different response method preparedness may be 

appropriate given the importance of a given area due to variations in species richness and sensitivity of 

habitats.  
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Table 8-37. Evaluation of Response Methods for Shoreline Habitats Potentially Affected by a Spill of Diesel Fuel or Bakken Crude Oil from the Blue 

Marlin Offshore Port. 

 Habitat Type 

Response Method1 
Sheltered, 

Exposed Rocky 

Shoreline 

Gravel 

Beach 

Sand 

Beach 

Sheltered, 

Exposed Mud 

/ Tidal flat 

Salt 

Marshes 
Mangroves 

Sheltered, 

Exposed 

Artificial /  

Manmade 

Shoreline 

Natural Recovery A,A A B A,A A A A,A 
Barriers/Berms  B B C,B B B  

Manual Oil Removal / Cleanup C,- C B D,C D D B,B 
Mechanical Oil Removal  D B  D   

Sorbents A,B A B A,A A A A,A 
Vacuum B,A   C,C B B  

Debris Removal A,A A A B,B B A A,- 
Sediment Reworking / Tilling  B B  D   
Vegetation Cutting / Removal  D C -,D D  B 

Flooding A,- A A B,A B B  
Low-pressure, Ambient Water Flushing A,A A B C,B B B A,A 
High-pressure, Ambient Water Flushing A,B      B,B 

Low-pressure, Hot Water Flushing       -,C 
High-pressure, Hot Water Flushing       -,C 

Steam Cleaning       -,D 
Sand Blasting       -,D 

Solidifiers C,-   C,C C C  
Shoreline Cleaning Agents       -,B 

Nutrient Enrichment A,- A A I,C A I  
Natural Microbe Seeding I,- I I I,I I I  

In-situ Burning D,-    B   
Notes:  
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least adverse impact; B = some 

adverse impact; C = Significant adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank or dash means the method was not 
applicable. Adapted from NOAA 2017. 
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Table 8-38. Evaluation of Response Methods for Shoreline Habitats Potentially Affected by spill of HFO 380 or CLB from the Blue Marlin Offshore Port. 

Response Method1 
Sheltered, Exposed 

Rocky Shoreline 

Gravel 

Beach 

Sand 

Beach 

Sheltered, Exposed 

Mud / Tidal Flat 

Salt 

Marshes 
Mangroves 

Sheltered, Exposed 

Artificial /  

Manmade Shoreline 

Natural Recovery B,A C C B,A B A B,A 
Barriers/Berms  B B C,B B B  

Manual Oil Removal / Cleanup C,B B A C,B C C B,B 
Mechanical Oil Removal  B B -,C D   

Sorbents C,A B A B,B A A B,A 
Vacuum B,A B A B,B B B  

Debris Removal A,A A A B,B B A A,- 
Sediment Reworking / Tilling  B B -,C D   
Vegetation Cutting / Removal D,C C C D,D C  -,B 

Flooding B,- C B B,A B B  
Low-pressure, Ambient Water 

Flushing B,B B B D,C B C C,B 

High-pressure, Ambient Water 
Flushing B,B D     C,B 

Low-pressure, Hot Water Flushing D,C C C    C,C 
High-pressure, Hot Water 

Flushing D,C D     C,C 

Steam Cleaning D,D D     D,D 
Sand Blasting D,D      D,D 

Solidifiers        
Shoreline Cleaning Agents B,C C C  B C B,B 

Nutrient Enrichment C,- B A I,I B I I,- 
Natural Microbe Seeding I,- I I I,I I I I,- 

In-situ Burning C,- C C  B   
Notes: 
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least adverse impact; B = some adverse impact; 

C = Significant adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank means the method was not applicable. Adapted from NOAA 2017. 
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Table 8-39. Evaluation of Response Methods for Benthic Habitat Potentially Affected by a Spill of Each Type of Oil from the Blue Marlin Offshore Port. 

Response Method1 
Diesel Fuel and Bakken  HFO 380 and CLB 

Coral Reefs Seagrasses Coral Reefs Seagrasses 

Natural Recovery A A A B 
Booming B B B B 
Skimming B B B B 

Physical Herding  B  B 
Manual Oil Removal / Cleaning   B B 

Mechanical Oil Removal   D D 
Sorbents A A A A 
Vacuum   B B 

Debris Removal     B 
Vegetation Cutting / Removal    C 
Low-pressure, Ambient Water B  C  

Dispersants C C C C 
In-situ Burning B B C C 

Notes: 
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least 

adverse impact; B = some adverse impact; C = Significant adverse impact; D = The most adverse impact; I = Insufficient information for 
evaluation; Blank means the method was not applicable. Adapted from NOAA 2017. 
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Table 8-40. Evaluation of Response Methods for Offshore Habitat Potentially Affected by a Spill of Each Type of Oil from the Blue Marlin Offshore Port. 

Response Method1 

Offshore Environment 

Diesel Fuel and 

Bakken  
HFO 380 and CLB 

Natural Recovery A B 

Booming-Containment A A 
Booming-Deflection / Exclusion A A 

Skimming A A 
Physical Herding B B 

Manual Oil Removal / Cleaning   
Sorbents B B 

Debris Removal A A 
Dispersants A A 

Emulsion-treating Agents B B 
Elasticity Modifiers B  

Herding Agents B  
Solidifiers B  

In-situ Burning A A 
Notes: 
1 Categories are used to compare the relative environmental impact of each method in the specific 

environment and habitat:  A = Least adverse impact; B = some adverse impact; C = Significant 
adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank 
means the method was not applicable. Adapted from NOAA 2017. 
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8.9 Pool Fire Analysis 
Discharges of liquid hydrocarbons on the land surface can pose additional risks, affecting a larger area, if the 
product were to ignite, resulting in a pool fire. In locations where the liquid can form pools in depressions on 
the land surface, this risk is the greatest. In addition to simulating the overland plume trajectories, RPS also 
examined the potential impacts of thermal radiation from pool fire scenarios. Thermal radiation produced by 
such a fire could expand the spatial extent of consequences from a discharge beyond the liquid plume 
trajectory. The sequence of events in this scenario assumed a full-bore discharge from the onshore Pipeline 
Segments 1 and 3 (see Figure 2-1), where the product formed pools in depressions on the land surface, 
followed by ignition of the product in the pool, with fire spreading over the entire area of the pool. Thermal 
radiation levels experienced by a receptor in the vicinity of a pool fire diminish with increased distance from the 
fire. Therefore, RPS assessed the maximum distance from the pool fire to various thermal radiation thresholds 
of concern.  

The level of thermal radiation from a pool fire is directly related to the surface area of the pool. A larger surface 
area results in more heat generated by the fire, when compared to a pool with a smaller surface area. The 
relationship between pool surface area and distance from the pool where a thermal radiation impact threshold 
could be exceeded, was established for both Bakken and CLB product types using results from the onshore 
modeling with OILMAPLand. These relationships were developed to show the potential impacts resulting from 
a pool fire of any size, for a discharge of either product type. Pool fire simulations from five discharge locations 
were selected to demonstrate the potential spatial extent of radiation impacts. 

 

 Pool Fire Method 
The U.S. Nuclear Regulatory Commission’s (NRC) “Quantitative Fire hazard analysis methods for the US NRC 
Fire Protection Inspection Program” document outlines a methodology to evaluate the radiation at various 
distances from a pool fire (Iqbal et al, 2004). Under this methodology, combustion properties of the substance 
and dimensions of the pool are used to determine the heat release rate, as follows: 

  Q̇ = ṁ"!Hc,effAf(1 – e-k!D)   (12) 

 Where: 

  Q̇ = heat release rate (kW) 

  ṁ" = mass loss rate per unit area per unit time (kg/m2sec) 

  ΔHc,eff = effective heat of combustion (kJ/kg) 

  Af = horizontal burning area of the fuel (m2)  

  kβ = empirical constant (m-1)  

  D = diameter of burning area (m)    

The heat release rate can then be used to evaluate radiant heat flux as distance from the pool fire increases, 
according to the following equation.  

q̇" = χrQ̇/(4πR2)  (13) 

Where: 

  q̇"  = radiant heat flux (kW/m2) 

  R = radial distance from the center of the flame to the edge of the target (m) 
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  χr = fraction of total energy radiated 

The radiant fraction term, χr, is characterized in Iqbal et al. (2004) as variable (depending on “fuel”, flame size, 
and flame configuration), ranging from 0.15 to 0.60. 

Combustion parameters for the CLB product were selected based on similar substances (i.e., Crude Oil and 
Heavy Fuel Oil from Iqbal et al., 2004). Mass burning rate and heat of combustion for the Bakken product 
were obtained from empirical values obtained by Luketa et al. (2019) (Table 8-41). A value of 0.6 was used 
for χr. This conservative value represented the high end of the range provided in Iqbal et al. (2004) and was 
noted as being appropriate for hydrocarbons. A higher radiative fraction results in a greater proportion of the 
radiation generated by the fire available for transmission to a potential receptor. 

 

Table 8-41. Combustive properties used for pool fire modeling. 

Product 
Density 
(kg/m3) 

Mass Burning Rate 
(kg/m2sec) 

Heat of Combustion 
(kJ/kg) 

Empirical 
Constant (m-1) 

Radiative Fraction 
(-) 

Bakken 799 0.062 48,500 2.8 0.6 
CLB 918 0.0285 41,100 2.8 0.6 

 

 Thermal Radiation Thresholds of Concern 
To evaluate the range of potential impacts from the thermal radiation, several radiation intensity thresholds 
were used. The lowest threshold used was 5 kW/m2. This value, recommended by NOAA, represents the level 
of thermal radiation that can cause second-degree burns on bare skin (Jones et al., 2013). Additionally, 
thresholds corresponding to 1%, 50%, and 99% probability of fatality were determined. These were calculated 
using a probit function published by Tsao and Perry (1979) for fatality from thermal radiation, as follows:  

  Pr = -36.68 + 2.56ln(I4/3t)    (14) 

 where: 

  Pr = Probit value   

  I = Thermal Radiation (W/m2) 

  t = time of exposure (s) 

This equation does not take into account the effect of clothing, which, compared to bare skin, provides 
protection from thermal radiation until the clothing catches fire. 

The probit value corresponds to a probability, in this case, of fatality. Probit values corresponding to 1%, 50%, 
and 99% were identified based on guidance provided in the “Green Book” (CPR 16E) (TNO, 1989). An 
exposure time of 20 seconds was used to calculate the thermal radiation thresholds (Table 8-42). A maximum 
exposure time of 20 seconds is recommended for risk assessment by VROM (2005). The greatest distance 
from the pool edge to one of these thresholds can be calculated using the method outlined in Section 8.9.1, in 
order to assess the area where these hazard levels may be experienced. 
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Table 8-42. Calculated radiation thresholds corresponding to percent fatality. 

Percent Fatality Probit value Thermal Radiation Threshold (kW/m2) 

1% 2.67 9.8 

50% 5.00 19.5 

99% 7.33 38.5 

 

 Model Application  
The potential thermal radiation hazard from pool fires, caused by product that has pooled on the land surface 
and then ignited, was evaluated using the output from the onshore pipeline OILMAPLand discharge modeling. 
The cells representing the path of the oil on land were used to identify locations where oil was predicted to 
collect in depressions in the land surface, called “pools”. For each discharge, cells where oil pooling was 
predicted (rather than channelized flow downslope) were selected (Figure 8-5).  

 

 
Figure 8-5. Example of pool and downslope transport cells from the overland modeling output for an example 
spill along the pipeline. 
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Contiguous groups of pooling cells were combined into pools and the overall pool surface area was calculated. 
The overland plumes predicted with OILMAPLand identified numerous pools (approximately 3,300) with a wide 
range of areas for Bakken (Figure 8-6) and CLB (Figure 8-7). In many cases, the overland path from one 
discharge location resulted in the potential to form multiple pools (Figure 8-5). The pool with the maximum 
surface area, from all pools from each discharge location, was identified for all of the simulations for both the 
Bakken (Figure 8-7) and CLB (Figure 8-7) products. Bakken discharge simulations generally resulted in larger 
overland pools being formed, as less volume was retained during downslope transport, leaving more volume 
available to form pools. 

 

 

 

 
Figure 8-6. Maximum pool size from each discharge location for modeled Bakken discharges. 
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Figure 8-7. Maximum pool size from each discharge for modeled CLB discharges. 

 

 Pool Fire Results 
The pool fire analysis was used to evaluate the maximum distance away from the overland pools where thermal 
radiation thresholds were exceeded. Pool surface areas were predicted to range from approximately 10 to 
30,900 m2 for the Bakken product and 10 to 14,125 m2 for the CLB product (Figure 8-8). Using this range of 
pool surface areas, the maximum distance to the lowest thermal radiation threshold (5 kW/m2) was determined 
for each product. The relationship between pool surface area and distance from the pool to the lowest thermal 
radiation threshold (5 kW/m2) was evaluated for both crude oil types (Figure 8-8). A larger pool surface area 
has a greater potential for harm, as the total amount of radiation produced by the pool would be larger. In 
general, the Bakken pools tended to have larger areas and were predicted to burn rapidly because of the light 
and volatile nature of the product (i.e., more evaporation). Thus, Bakken was predicted to result in larger 
distances to the radiation threshold when compared to the same simulation for CLB. However, this relationship 
does not account for the impacts from smoke, which may differ significantly between the two products and 
according to prevailing meteorological conditions at the time of the fire. Smoke impacts were not included within 
the scope of this analysis.
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Figure 8-8. Distance to 5 kW/m2 radiation threshold vs. pool area for Bakken (blue) and CLB (green) products (top). The number and distribution of pool 
sizes predicted by overland modeling is also provided (bottom).
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Five discharge locations were selected as examples to provide more details about the range of results and how 
they may be used to assess the potential effects of thermal radiation from a pool fire to nearby receptors for a 
range of specific sites (Table 8-43, Figure 8-9). For each discharge location, pools were defined by the 
OILMAPLand model and the total surface area of the pool’s was calculated. Using that pool surface area, the 
maximum distances to each of the four radiation thresholds were predicted for both crude products (Table 8-44).  

 
Table 8-43. Discharge Location ID number, approximate mile post (MP), and description for the five example 
discharge locations selected to visualize pool fire analysis results. 

Discharge 
Location # 

Approximate 
Mile Post (MP) Description 

451 8.3 Large pools near residential area off W Roundbunch Rd in Orange, TX 
605 11.1 Large pools near Entergy Sabine Power Plant in Orange, TX 
706 13.0 Moderate sized pools near Texas State Highway 87 in Bridge City, TX 
1810 33.4 Large pools in wetlands in vicinity of Sabine National Wildlife Refuge in LA 
2209 40.8 Large pools near station 701 and Gulf Beach Highway in Cameron, LA 

 
Table 8-44. Distance to radiation threshold for largest pool for five different example discharge locations for both the 
Bakken and CLB products. 

Product 
Type 

Discharge 
Location # 

Largest Pool 
Size (m2) 

Distance (m) to Radiation Threshold for Largest Pool 

5 kW/m2 
9.8 kW/m2 

(1% mortality) 
19.5 kW/m2 

(50% mortality) 
38.5 kW/m2 

(99% mortality) 

Bakken 

451 14,066 636 453 322 229 
605 20,707 771 550 391 278 
706 7,759 472 337 239 170 
1810 24,560 840 599 426 303 
2209 23,277 818 583 414 295 

CLB 

451 6,158 262 187 133 95 
605 8,643 311 222 158 112 
706 3,309 192 137 98 69 
1810 2,733 175 125 89 63 
2209 8,052 300 214 152 108 

 

Maps were generated for each of the five example locations, depicting the pool surface area buffered by each of 
the thermal radiation thresholds, to show the potential impact areas for each hypothetical release (Figure 8-10 
through Figure 8-14). From discharge location #451, the oil was predicted to travel primarily to the southwest 
Figure 8-10), and some large areas of pooling were predicted in the low lying areas southwest of the residential 
area. Although the overland transport was predicted to not reach the residential area, if the pooled product were 
to ignite, thermal radiation from the pool fire would likely impact the area. Thermal radiation at the highest threshold 
(99% probability of mortality) was not predicted to reach the residential area, however radiation at the lowest 
threshold (5 kW/m2) was predicted to affect a number of houses in the area.  
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From discharge location #605, the oil was predicted to travel primarily to the south (Figure 8-11) with one area of 
pooling, slightly to the west of the pipeline. Although the overland transport was not predicted to reach the 
residential area to the north, or the Entergy Sabine Power Plant to the northwest, thermal radiation from a potential 
pool fire could have the potential impact either of these sites. Thermal radiation at the 99% probability of mortality 
was not predicted to reach either of these areas, but radiation at the 50% probability of mortality had the potential 
to reach the power plant site, and radiation at the lowest threshold (5 kW/m2) may reach several structures in the 
residential area.  

From discharge location #706, the oil was predicted to travel primarily to the north (Figure 8-12) with several areas 
of pooling before the trajectory reached a surface waterbody. The pooling areas on land were not predicted to 
reach Texas State Highway 87, although the trajectory was predicted to flow under the highway via the surface 
water network). Thermal radiation was predicted to reach part of the highway infrastructure, with all lanes 
potentially experiencing radiation at the 1% mortality threshold.  

From discharge location #1810, the oil was predicted to travel primarily to the north (Figure 8-13) with one main 
area of pooling. Although the Sabine National Wildlife Refuge was in the vicinity of the predicted pooling, thermal 
radiation from a pool fire was not predicted to reach the refuge at any of the evaluated thresholds. The lowest 
threshold (5 kW/m2) buffer was approximately 150 meters from the boundary of the wildlife refuge at its closest 
point. The thermal radiation buffers depicted in Figure 8-13 highlight the extent of the wetland areas that could be 
impacted, which may have the potential for ecological consequences.  

From discharge location #2209, the oil was predicted to travel first to the west (Figure 8-14) forming a large area 
of pooling to the west of the pipeline, before overtopping that depression with overflow continuing back to the east, 
forming another large pool to the east of the pipeline. The areas of pooling on land were not predicted to reach the 
nearby pipeline station (Station 701) nor the Gulf Beach Highway to the south. However, thermal radiation at the 
99% mortality level was predicted to impact Station 701, and radiation at the lowest threshold (5 kW/m2) was 
predicted to reach the Gulf Beach Highway and several residences further south (between the highway and the 
GOM shoreline).  

These five example locations highlight the range of potential effects, but distance and potential receptors, using a 
number of different releases with different trajectories and pool sizes. The selection of these locations does not in 
any way suggest higher potential (i.e., likelihood or probability of release and ignition) for a pool fire, nor does it 
imply that these locations are areas with the potential for higher consequence (i.e., potential for mortality, property 
damage, or ecological impact).
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Figure 8-9. Locations and predicted pools for example pool fire discharge locations. 
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Figure 8-10. Thermal radiation buffers for each threshold for all overland pools for discharge location 451, near W 
Roundbunch Rd in Orange, TX, using the Bakken product. 

 
Figure 8-11. Thermal radiation buffers for each threshold for all overland pools for discharge location 605, near 
Entergy Sabine Power Plant in Orange, TX, using the Bakken product. 
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Figure 8-12. Thermal radiation buffers for each threshold for all overland pools for discharge location706 using the 
Bakken product. 

 
Figure 8-13. Thermal radiation buffers for each threshold for all overland pools for discharge location 1810, using 
the Bakken product. 
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Figure 8-14. Thermal radiation buffers for each threshold for all overland pools for discharge location 2209, near 
station 701 and Gulf Beach Highway in Cameron, LA, using the Bakken product. 

 

9 DISCUSSION AND CONCLUSIONS 
Oil spill modeling was conducted using the RPS OILMAPLand and SIMAP trajectory, fate, and biological effects 
models in support of the Blue Marlin Offshore Port DWP application to the USCG and MARAD. The model results 
were used to predict the potential effects that may result in the unlikely event of a discharge from the on-land 
pipeline, the inshore and offshore segments of the pipeline, or offshore components associated with the Project 
DWP (i.e., the platform, VLCC, PLEMs, CALM Buoys).  

Hypothetical discharges of Bakken (light crude oil) and CLB (heavy diluted bitumen) were simulated from points 
on land (every 30.5 m) originating along the pipeline using the OILMAPLand model. Simulations were performed 
to assess the trajectory and fate of oil overland and through the surface water hydrologic system before reaching 
the Neches River, Sabine Lake, or the GOM.  In general, the Bakken discharge simulations traveled further than 
the CLB discharge simulations, both on land and in the hydrologic network, and also resulted in greater evaporated 
volumes. The greater retention rates for the heavier CLB product results in higher land and shoreline retention, 
which decreased the distance that plumes were able to move. 

A total of twenty-four stochastic SIMAP scenarios (including four inshore scenarios in the Neches River/Sabine 
Lake and twenty offshore scenarios in the GOM) were modeled spanning a range of oil types (heavy to light), 
discharge locations (inshore and offshore), and volumes (1,000 bbl to 2,100,00 bbl). Each of the twenty-four 
stochastic scenarios included 145 individual simulations (3,480 total simulations). From these results, the 95th 
percentile worst case scenario for shoreline contamination from each stochastic scenario was selected as a 
represented deterministic scenario for detailed assessments. Although stochastic and deterministic results are 
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useful in planning for oil spill response, the predicted concentration / thickness / mass of oil values provided on 
composite figures (maximum over all time steps) will appear larger and more extensive than what would actually 
be experienced at any point in time following a discharge. The depicted level of exposure would not be observed 
at the same time. The composite maximum maps for representative "worst case" scenarios are provided to 
illustrate the largest value for every point in space over all times. As noted in the comparison of instantaneous 
snapshots to the composite figure for the same scenario, the areal extent and predicted thickness at each point in 
time is much less than the composite image which provides maximum values. 

The spill scenarios modeled are worst case, and as such are large spills with a very low likelihood of occurring. In 
addition, note that these scenarios were modeled with no spill response. Booming and other cleanup would reduce 
spill impacts since the response would begin immediately and logistics in the area would not be hampered by 
distance or access (as would a spill far offshore). Thus, the results should be considered in this context as highly 
conservative estimate with a very low probability of occurring. 

For the individual simulations representing the worst case with respect to shoreline oiling, the spill trajectories are 
a product of the environmental conditions on the selected date of the spills as well as the weathering properties of 
the oil. The Bakken and diesel are light oils that tend to evaporate quickly compared to the HFO and CLB, leading 
to generally more evaporation and less surface/shoreline oiling at the end of the simulation. The maximum surface 
oil exposure concentration was >100 g/m2 (which would appear as the dark true color of the oil or as the color of 
emulsions; NOAA, 2016b; Bonn, 2009, 2011) within the immediate vicinity of each discharge location.  

Offshore scenarios were impacted by three main factors including oil type, discharge volume, and proximity to 
shore. In general, the volatility and volatile/soluble content of each oil type defined the persistence of the product 
within the environment, with more persistent oils resulting in more extensive surface slicks and longer lengths of 
shorelines affected. From least persistent and most volatile/soluble to most persistent and least volatile/soluble, 
the simulated oils include diesel, Bakken, CLB, and then HFO 380. As discharge volume increased, the predicted 
footprints and total lengths of shorelines affected also increased. For nearshore discharges, longer lengths of 
shoreline were predicted to have continuous oiling with larger amounts of oil on shore. 

As part of the consequence assessment, an overview of species and habitats of concern, and analysis of HCAs, 
and impact analysis, and overview of mitigation measures, and a pool fire analysis were performed. The overlay 
analysis was used to determine the potential effects a release may have on identified HCAs located near the 
hypothetical offshore discharge locations. The overlay assessment included a count of any identified resource 
features (points, lines, or polygons) that were intersected by the trajectory of the released oil. Identified resources 
included populated areas, protected lands, and ecologically sensitive areas (additional resources were included 
for the offshore HCA analysis). The biological effects modeling was used to predict the equivalent areas of 100% 
mortality for each scenario for surface and shoreline effects as well as in-water effects at two different sensitivity 
thresholds. In general, when comparing scenarios modeled with the same oil type, larger volume discharges were 
predicted to result in larger potential effects and larger numbers of potentially affected resources. Environmental 
conditions that resulted in further transport of oil also resulted in larger numbers of potential effects. The pool fire 
analysis was conducted as well that evaluated the maximum distance away from the overland pools where 
threshold levels for thermal radiation were exceeded. Overall, the Bakken pools were predicted to have larger 
areas (i.e., greater potential for harm) and larger distances to the threshold radiation for those simulations than for 
the CLB simulations.  

While it is understood that the identified scenarios are in no way intended to predict a specific future event, the 
results presented in this document have demonstrated a range of potential trajectory and fates, as well as the 
predicted effects that may result from large volume releases of oil based upon a set of geographic criteria, 
environmental variability, and biological sensitivities. In the unlikely event of a discharge, the resulting effects have 
the potential to be both significant and adverse, on time scales that range from days to years. 
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Terminology Used in Report 

Probability, Frequency, and Chances 
The term “probability” and “frequency” are used interchangeably in this report. The probability that 
something will occur is the frequency of expected events (spills) in a specified time frame. That time frame 
might be a year or the lifetime the Blue Marlin Offshore Port (BMOP) Project, for example. If the term 
“probability” is used, it is related to a specific time frame. 

Because the term “chance” and the use of the format of “1 in X” is more familiar to many non-technical 
readers, each probability or expected frequency of occurrence is also presented in the “chance” format. It 
is important to consider the time period when evaluating “chances.” It may be the chance in a year (annual 
chance) or over the course of the project time period. 

The drawback of using “chance” with the format “1 in X” is that if the expected frequency is more than one 
in the reference timeframe, the chance will be expressed as 1 in 1, or 1 in some value less than one. This 
means that it would be expected, based on analyses of historical data on frequencies, that there would be at 
least one event in the time period. However, this does not guarantee that there will be an event. 

Return Periods 
Probability analysis results are often represented in terms of expected frequencies and as return periods. 
(The return period is also sometimes called the “recurrence interval.”) These terms express the same 
concepts in different ways. The expected frequency is an estimate of the likelihood or probability that an 
event (in this case, a spill of a certain volume from a component of BMOP) will occur in any given year. 
The inverse of this is the return period. 

For example, if there is a 1% chance, or a one in 100 chance, that a large spill event will occur in one year, 
the “return period” for this event is 100 years. The return period is the inverse of the frequency. 

1

0 01

1 100
0 01

number( events )Frequency( event )
year

yearsReturn
Frequency( event ) event

.Frequency( event )
year

Return( event )
.

=

= =

=

= =

 

The return period (e.g., 100 years) is used in an attempt to simplify the definition of a specific statistically 
determined chance of an event occurring in any one year (1%). It does not however mean that it will 
necessarily take 100 years before this event occurs or that it will only occur once in a 100-year time frame. 

Because the concept of “return period” often creates confusion and the mistaken expectation that events 
will occur on a regular basis, it is often advisable to express the probabilities as expected frequencies in a 
particular time period. This can also be expressed as the chances that an event will occur in a particular 
time period, as described above. 
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Rounding of Numbers and Significant Digits 
Calculated data from modeling and various interim analyses are shown with as many as five digits after the 
decimal point. This is to allow for greater accuracy in adding and other mathematical processes and to avoid 
rounding errors that may be confusing to the reader. 

In summary tables, however, such as those providing estimates of annual frequencies of specific volumes 
of spills and return years, the results have been rounded to two or three significant digits, as appropriate, 
starting with the first non-zero digit. This is a standard methodology applied in many analyses to avoid the 
implication that one could be so precise in determining the frequency of spill events in the future. For 
example, if the calculated spill frequency is 0.00128 per year, which would bring a return period of 781.25 
years, the spill frequency would be rounded to 0.0013 per year and the return period would be expressed as 
780 years. Note that “significant digits” are also called “significant figures.” 

Volume Categories 
In many tables in this report the term “Volume Category” is used with spill volumes in barrels (bbl). Unless 
a specific volume is shown (e.g., a Scenario volume), each volume category refers to spills in that order of 
magnitude. For example, the volume category of “1,000 bbl” includes all spills from 1,000 bbl through 
9,999 bbl. Spills of 10,000 bbl would be in the next higher up category. 

Probabilities by Volume Category 
Probability or chance values assigned to specific volume categories are for that volume or higher. For 
example, a probability of 0.0001 for volume category 100,000 bbl, means that there is a 0.0001 probability 
(or 1 in 10,000 chance) of a spill of that volume or larger. 

Glossary of Acronyms and Abbreviations 
bbl: barrels (42 gallons) 

BMOP: Blue Marlin Offshore Port 

CALM: catenary anchor leg mooring 

CLB: Cold Lake Blend (bitumen) 

CPI: Coastal Pipeline (for designation of coastal/inshore pipeline segments in this analysis) 

CS: coastal spill 

DWP: deepwater port 

ERC: Environmental Research Consulting 

FPSO: floating, production, storage, and offloading system 

gal: gallons 

HFO: heavy fuel oil 

m: meters 
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MARAD: Maritime Administration 

MLV: mainline valve 

MP: milepost 

OPI: Offshore Pipeline (for designation of offshore pipeline segments in this analysis) 

OS: offshore spill 

PLEM: pipeline end manifold 

SCS: Stingray Compressor Station 

SPM: single-point mooring 

SPMT: Sunoco Partners Marketing & Terminals 

SPOT: Sea Port Oil Terminal 

USCG: US Coast Guard 

VLCC: very large crude carrier 

WC: West Cameron 

WCD: worst-case discharge 

WMA: Wildlife Management Area 
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Executive Summary 
Pursuant to a Deepwater Port (DWP) application and associated federal and state permit applications, 
Environmental Research Consulting (ERC) was tasked with conducting an oil spill risk (probability) 
assessment for the Blue Marlin Offshore Port (BMOP) Project. The analysis includes assessing the potential 
frequency and magnitude of oil spills that may occur from various project components. This analysis does 
not address potential oil spill effects. These are addressed in a separate analysis conducted by RPS Group. 

Total Spill Probability by Volume Category and Platform Location Option 
Oil spills could potentially occur from the coastal/inshore or offshore components of the BMOP Project. 
There are slightly different spill probabilities based on two different proposed locations for the BMOP 
platform–the preferred existing WC509 location and the alternative WC433 location. Spills for the 
coastal/inshore pipeline portion would be the same for both locations. The expected oil spill frequencies in 
the one to 100,000-bbl volume categories do not differ for the two options. However, the probability of a 1 
million bbl or larger oil spill from a Very Large Crude Carrier (VLCC) worst-case discharge (WCD) due 
to a collision or allision is 2.8 times more likely at WC433 as it is closer to the Sabine Pass Safety Fairway 
vessel traffic lanes. The expected frequency per year of operation is 1 in 1.4 trillion for the WC433 option, 
as opposed to a 1 in 4 trillion for the WC509 option. 

Expected oil spill frequencies from all BMOP Project components were combined by volume class in Table 
1 and Table 2 for the preferred WC509 location and in Table 3 and Table 4 for the alternative WC433 
location. Expected frequencies shown in the red boxes exceed one event during the time period indicated 
in the column header. For example, over 20 years, about 14 spills of one barrel or more may be expected. 

Table 1: Expected Frequency of Oil Spills by Spill Volume (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 7.29 x 10-1 3.59 7.29 14.2 
10 bbl 3.92 x 10-1 1.91 3.92 7.89 
100 bbl 2.05 x 10-1 1.01 2.05 4.01 
1,000 bbl 6.77 x 10-2 3.37 x 10-1 6.77 x 10-1 1.32 
10,000 bbl 4.04 x 10-3 2.02 x 10-2 4.04 x 10-2 8.07 x 10-2 
100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
1 million bbl 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 

 
Table 2: Chances of Oil Spills by Spill Volume (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 1.4 1 in 0.28 1 in 0.14 1 in 0.07 
10 bbl 1 in 2.6 1 in 0.52 1 in 0.26 1 in 0.13 
100 bbl 1 in 4.9 1 in 0.99 1 in 0.49 1 in 0.25 
1,000 bbl 1 in 17 1 in 3.5 1 in 1.7 1 in 0.90 
10,000 bbl 1 in 250 1 in 50 1 in 25 1 in 12.39 
100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,751.85 
1 million bbl 1 in 4 trillion 1 in 810 billion 1 in 400 billion 1 in 200 billion 
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Table 3: Expected Frequency of Oil Spills by Spill Volume (Alternative WC433) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 7.29 x 10-1 3.59 7.29 14.2 
10 bbl 3.92 x 10-1 1.91 3.92 7.89 
100 bbl 2.05 x 10-1 1.01 2.05 4.01 
1,000 bbl 6.77 x 10-2 3.37 x 10-1 6.77 x 10-1 1.32 
10,000 bbl 4.04 x 10-3 2.02 x 10-2 4.04 x 10-2 8.07 x 10-2 
100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
1 million bbl 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

 
Table 4: Chances of Oil Spills by Spill Volume (Alternative WC433) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl  1 in 1.4 1 in 0.28 1 in 0.14 1 in 0.07 
10 bbl 1 in 2.6 1 in 0.52 1 in 0.26 1 in 0.13 
100 bbl 1 in 4.9 1 in 0.99 1 in 0.49 1 in 0.25 
1,000 bbl 1 in 17 1 in 3.5 1 in 1.7 1 in 0.90 
10,000 bbl 1 in 250 1 in 50 1 in 25 1 in 12 
100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,800 
1 million bbl 1 in 1.4 trillion 1 in 290 million 1 in 140 million 1 in 72 million 

Spill Probability for Hypothetical BMOP Scenarios 
Expected frequencies and chances of the modeled hypothetical spill scenarios (for Project components or 
pipeline segments) are in Table 5–Table 6 for WC509, and in Table 7–Table 8 for the WC433. 

Table 5: Expected Frequency of Hypothetical BMOP WCDs (WC509 Preferred Option) 

ID Spill Event 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3 Neches Pipeline Bakken 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-4 Neches Pipeline CLB 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-1 Sabine Pipeline Bakken 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
CS-2 Sabine Pipeline CLB 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
OS-9a Nearshore Pipeline Bakken 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
OS-10a Nearshore Pipeline CLB 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
OS-17 PLEM Pipeline Bakken 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
OS-18 PLEM Pipeline CLB 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
OS-13 Platform Bakken 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-14 Platform CLB 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-15 Service Fuel (Tugboat) 6.60 x 10-11 3.30 x 10-10 6.60 x 10-10 1.32 x 10-9 
OS-16 VLCC Fuel/Bunker 4.43 x 10-11 2.21 x 10-10 4.43 x 10-10 8.86 x 10-10 
OS-11 VLCC Bakken 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 
OS-12 VLCC CLB 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 
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Table 6: Chances of Hypothetical BMOP WCDs (WC509 Preferred Option) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

CS-3 Neches Pipeline Bakken 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-4 Neches Pipeline CLB 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-1 Sabine Pipeline Bakken 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

CS-2 Sabine Pipeline CLB 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

OS-9a Nearshore Pipeline Bakken 1 in 
5,900 

1 in 
1,200 

1 in 
590 

1 in 
290 

OS-10a Nearshore Pipeline CLB 1 in 
5,900 

1 in 
1,200 

1 in 
590 

1 in 
290 

OS-17 PLEM Pipeline Bakken 1 in 
870 

1 in 
180 

1 in 
88 

1 in 
44 

OS-18 PLEM Pipeline CLB 1 in 
870 

1 in 
180 

1 in 
88 

1 in 
44 

OS-13 Platform Bakken 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-14 Platform CLB 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-15 Service Fuel (Tugboat) 1 in 
23 billion 

1 in 
4.5 billion 

1 in 
2.3 billion 

1 in 
1.1 billion 

OS-16 VLCC Fuel/Bunker 1 in 
15 billion 

1 in 
3 billion 

1 in 
1.5 billion 

1 in 
757 million 

OS-11 VLCC Bakken 1 in 
4 trillion 

1 in 
807 billion 

1 in 
404 billion 

1 in 
202 billion 

OS-12 VLCC CLB 1 in 
4 trillion 

1 in 
807 billion 

1 in 
404 billion 

1 in 
202 billion 

 
Table 7: Expected Frequency of Hypothetical BMOP WCDs (WC433 Alternative Option) 

ID Spill Event 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3 Neches Pipeline Bakken 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-4 Neches Pipeline CLB 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-1 Sabine Pipeline Bakken 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
CS-2 Sabine Pipeline CLB 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
OS-9 Nearshore Pipeline Bakken 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
OS-10 Nearshore Pipeline CLB 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
OS-7 PLEM Pipeline Bakken 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
OS-8 PLEM Pipeline CLB 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
OS-3 Platform Bakken 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-4 Platform CLB 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-5 Service Fuel (Tugboat) 1.85 x 10-10 9.24 x 10-10 1.85 x 10-9 3.70 x 10-9 
OS-6 VLCC Fuel/Bunker 1.24 x 10-10 6.20 x 10-10 1.24 x 10-9 2.48 x 10-9 
OS-1 VLCC Bakken 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 
OS-2 VLCC CLB 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 
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Table 8: Chances of Hypothetical BMOP WCDs (WC433 Alternative Option) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

CS-3 Neches Pipeline Bakken 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-4 Neches Pipeline CLB 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-1 Sabine Pipeline Bakken 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

CS-2 Sabine Pipeline CLB 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

OS-9 Nearshore Pipeline Bakken 1 in 
2,400 

1 in 
470 

1 in 
240 

1 in 
120 

OS-10 Nearshore Pipeline CLB 1 in 
2,400 

1 in 
470 

1 in 
240 

1 in 
120 

OS-7 PLEM Pipeline Bakken 1 in 
600 

1 in 
120 

1 in 
60 

1 in 
30 

OS-8 PLEM Pipeline CLB 1 in 
600 

1 in 
120 

1 in 
60 

1 in 
30 

OS-3 Platform Bakken 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-4 Platform CLB 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-5 Service Fuel (Tugboat) 1 in 
5.4 billion 

1 in 
1.1 billion 

1 in 
541 million 

1 in 
270 million 

OS-6 VLCC Fuel/Bunker 1 in 
8.1 billion 

1 in 
1.6 billion 

1 in 
806 million 

1 in 
403 million 

OS-1 VLCC Bakken 1 in 
1.4 trillion 

1 in 
288 billion 

1 in 
144 billion 

1 in 
72 billion 

OS-2 VLCC CLB 1 in 
1.4 trillion 

1 in 
288 billion 

1 in 
144 billion 

1 in 
72 billion 

 
 

It is important to take into consideration that the hypothetical worst-case discharge (WCD) scenarios that 
were modeled represent highly unlikely spill scenarios that are not reflective of current documents industry 
spill records. The hypothetical nearshore and offshore pipeline spills modeled ranged from 4,960 bbl to 
619,161 bbl, which represent calculated WCDs. All of these hypothetical spill scenarios are larger than the 
largest offshore pipeline spill that occurred in the last decade in the Gulf of Mexico by one to three orders 
of magnitude. The VLCC cargo spills of 2.1 million bbl are historically unprecedented and are an order of 
magnitude larger than the largest recorded tanker spill worldwide. The hypothetical BMOP VLCC spill is 
over eight times the size of the 1989 Exxon Valdez spill. There have been no tanker spills that have reached 
even 5% of the volume of the hypothetical VLCC releases in the last three decades.   
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Chapter 1: Introduction 
Pursuant to a Deepwater Port (DWP) application and associated, federal and state permit applications for a 
new DWP, Environmental Research Consulting (ERC) was tasked with conducting an oil spill risk 
(probability) assessment for the Blue Marlin Offshore Port (BMOP). The analysis includes assessing the 
potential frequency and magnitude of oil spills that may occur from the various components of the project. 
This analysis does not address the potential effects of these oil spills, as these are addressed in a separate 
analysis conducted by RPS Group. 

Blue Marlin Offshore Port Project Description 
The Blue Marlin Offshore Port (BMOP) Project will entail: 

• Construction of a new coastal/inshore 42-inch pipeline from a new pump station built at the existing 
Sunoco Partners Marketing & Terminals (SPMT) tank farm in Jefferson County, Texas, to connect 
to the existing 36-inch Stingray pipeline at Stingray station 501 in Cameron Parish, Louisiana. 
There will be eight new mainline valves installed along this new pipeline segment, including at the 
pump station (MP 0) and at Station 501 (MP 37). 

• Conversion of the existing Stingray pipeline from Station 501 to Station 701 and thence offshore 
to Outer Continental Shelf Block West Cameron (WC) 509 from natural gas to oil service, and 
reverse the flow of the pipeline (from offshore to onshore to now flow onshore to offshore). There 
will be new mainline valves placed at Station 501, 701, WC148 and at the existing platform 
complex at WC509. 

• Conversion of the existing Stingray system’s platform complex at WC509 (or possible construction 
of a new platform at WC433 as an alternative). 

• Connection of the WC509 B platform to two Single Point Mooring systems installed approximately 
4,000 and 6,000 feet from the platform.1 

These components include both the coastal/inshore2 pipeline between the new pump station and the existing 
Stingray pipeline (Figure 1), as well as offshore components (pipeline between the shoreline and the 
WC509 platform complex, including the platform at WC148 and two single-point mooring systems at the 
DWP, and the moorings systems) (Figure 2). 

 
1 The connection to the WC509 B platform may be changed to 6,000 feet. 
2 Includes onshore and coastal locations, Neches River, and Sabine Lake. 
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Figure 1: Coastal/Inshore Components of Blue Marlin Offshore Port 
 

 
Figure 2: Offshore Components of Blue Marlin Offshore Port 
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For the analysis, the coastal/inshore pipeline is considered in three separate sections–the segment from the 
existing new pump station at the existing tank terminal across the Neches River and over to the northwestern 
shore of Sabine Lake (Section 1), the segment that crosses Sabine Lake (Section 2), and the segment from 
the eastern shore of Sabine Lake to the existing Stingray pipeline, Cameron Parish, Louisiana (Section 3). 
The probability analyses for the offshore components include spills that might occur along the existing 36-
inch Stingray pipeline from Station 501 to the platform complex at WC509, as well as spills that might 
occur at the buoy systems. The latter could include spillage during oil transfer operations to tankers.  

Potential Types of Oil Spills 
The types of spills that could potentially occur from the coastal/inshore components that are analyzed in 
this probability assessment are shown in Figure 3. The types of spills that might occur from the offshore 
components of the BMOP project are shown in Figure 4. 

For each component, there is an expected frequency of spill incidents (i.e., the probability that a spill will 
occur during any one operational time period). Then, if a spill occurs, there is a probability distribution of 
potential spill volumes. Based on analyses of historical data, most oil spills are relatively small; a small 
fraction may be large. 

Once the BMOP is in operation, a series of events needs to take place in order for a worst-case discharge 
(WCD) to occur. Each of the sequential events has a probability associated with it. First, there needs to be 
a failure or damage event. Then any mitigation measures need to fail to stop the spill from occurring or 
reduce the amount of spillage. Then the maximum amount of spillage needs to occur. In order for a worst-
case discharge (WCD) to occur each of these sequential events needs to occur. 

 
Figure 3: Potential Types of Spills from Coastal/Inshore Components of BMOP 
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Figure 4: Potential Types of Spills from Offshore Components of BMOP  
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Modeled Hypothetical Spill Scenarios 
As part of the risk assessment for the BMOP Project, a series of hypothetical oil spill scenarios were 
simulated by RPS Group with SIMAP to determine the potential fate and effects of these spills. In this 
probability assessment, these scenarios were analyzed with respect to their likelihood of occurrence or 
expected frequency. The spill sites are shown in Table 9 and Figure 5. The modeled coastal/inshore spill 
scenarios for these sites are shown in Table 10, which are applicable to both the WC509 and WC433 
options. The modeled offshore spills are shown in Table 11 for the WC509 preferred option and in Table 
12 for the WC433 alternative option. The scenarios are presented in order of location from the Neches River 
out to the two proposed platform sites.  

Table 9: Hypothetical Modeled Spill Sites 
Site Name Block /MP Description Latitude Longitude Water Depth  

Coastal Waterway 
Pipeline Release MP 1 Neches River 30.0128 -93.9974 15 m 

Coastal Waterway 
Pipeline Release MP 19.5 Sabine Lake 

(TX/LA border) 29.9185 -93.8173 3 m 

Nearshore Pipeline 
Location WC44 13 km offshore 29.6587 -93.5306 10 m 

DWP Platform 
Alternate WC509 WC509 CALM Loc 1 

and Platform 
28.4465 -93.0037 48 m 28.4333 -93.0044 

DWP Platform 
Preferred  WC433 WC433 CALM Loc 1 

and Platform 
28.6725 -93.0978 33 m 28.6726 -93.0849 

 

 
Figure 5: Sites for Hypothetical Modeled Spills 
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WC44 was selected as a “nearshore” pipeline release location for modeling. The location is within 10 miles 
(8 miles) of the shore, which meets the USCG/MARAD definition of a “nearshore release.” In addition, the 
site is not directly in shipping lanes, and is the junction of three other pipelines. The Stingray Pipeline does 
not have a platform at WC44. 

Table 10: Hypothetical Modeled Coastal/Inshore BMOP Spills (Both WC433 and WC509) 
Scenario 

ID 
Spill 
Site 

Spill 
Event 

Oil 
Type3 

Release 
Depth 

Spill 
Duration 

Total Spilled 
Volume Volume Basis 

CS-3 Neches 
River 
MP-1 

Pipeline 
Release 

Bakken 
15 m 13 min 

12,000 bbl + drain 
down = 24,885 bbl 
total 

Pipeline WCD: 9 
minutes of pump out 
prior to valve closure 
[3.9 mins], plus 
drain- down volume 

CS-4 CLB 

CS-1 Sabine 
Lake 
MP-19.5 

Pipeline 
Release Bakken 

3 m 13 min 
12,000 bbl + drain 
down = 73,884 bbl 
total 

Pipeline WCD: 9 
minutes of pump out 
prior to valve closure 
[3.9 mins], plus 
drain- down volume 

CS-2 Pipeline 
Release CLB 

 
Table 11: Hypothetical Modeled Offshore BMOP Spills for WC509 Preferred Option 
Scenario 

ID 
Spill 
Site Spill Event Oil 

Type4 
Release 
Depth 

Spill 
Duration 

Total Spilled 
Volume Comments 

OS-9a 
WC44 Nearshore 

pipeline 

Bakken 
10 m 1 hr 619,161 bbl Total pipeline volume 

(~26,004,772 gal) OS-10a CLB 

OS-17 

WC509 
Pipeline at 
DWP 
(at PLEM) 

Bakken 

48 m 1 hr 5,034 bbl 

Total volume in single 
platform to PLEM 
pipeline (~194,428 gal) 
+ total volume in single 
riser (16,997 gal) 

OS-18 CLB 

OS-13 
WC509 Platform 

WCD 

Bakken 
Surface 1 hr 1,000 bbl 

Crude volume only 
with 1-hour duration 
based off TX SPOT OS-14 CLB 

OS-15 WC509 
Service fuel 
spill 
(at SPM) 

Diesel 
fuel Surface Near 

instant 2,555 bbl 

Largest tugboat 
capacity; maximum tug 
number on scene (two 
attendant tugs per 
tanker loading 
operation); diesel 
volume only 

OS-16 WC509 VLCC fuel 
spill 

HFO 
380 Surface Near 

instant 1,164 bbl VLCC fuel tank 
capacity; 1 VLCC 

OS-11 
WC509 VLCC–

WCD Cargo 

Bakken 
Surface 1 hr 2,100,000 bbl 

VLCC cargo capacity–
1 vessel WCD with 1-
hour duration based off 
TX SPOT OS-12 CLB 

 
3 Bakken = Bakken crude; CLB = Cold Lake Blend (bitumen) 
4 Bakken = Bakken crude; CLB = Cold Lake Blend (bitumen) 
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Table 12: Hypothetical Modeled Offshore BMOP Spills for WC433 Alternative Option 
Scenario 

ID 
Spill 
Site Spill Event Oil 

Type5 
Release 
Depth 

Spill 
Duration 

Total Spilled 
Volume Comments 

OS-9 
WC44 Nearshore 

pipeline 

Bakken 
10 m 1 hr 513,448 bbl Total pipeline volume 

(~21,564,828 gal) 
OS-10 CLB 

OS-7 
WC433 

Pipeline at 
DWP  
(at PLEM) 

Bakken 
33 m 1 hr 4,965 bbl 

Total volume in single 
platform-PLEM 
pipeline (194,428 gal) + 
total volume in single 
riser (14,083 gal) 

OS-8 CLB 

OS-3 
WC433 Platform 

WCD 

Bakken 
Surface 1 hr 1,000 bbl 

Crude volume only 
with 1-hour duration 
based off TX SPOT OS-4 CLB 

OS-5 WC433 
Service fuel 
spill 
(at SPM) 

Diesel 
fuel Surface Near 

instant 2,555 bbl 

Largest tugboat 
capacity; maximum tug 
number on scene (two 
attendant tugs per 
tanker loading 
operation); diesel 
volume only 

OS-6 WC433 VLCC fuel 
oil spill 

HFO 
380 Surface Near 

instant 1,164 bbl VLCC fuel tank 
capacity; 1 VLCC 

OS-1 
WC433 VLCC–

WCD Cargo 

Bakken 
Surface 1 hr 2,100,000 bbl 

VLCC cargo capacity–
1 vessel WCD with 1-
hour duration based off 
TX SPOT OS-2 CLB 

  

 
5 Bakken = Bakken crude; CLB = Cold Lake Blend (bitumen) 
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Chapter 2: BMOP Coastal/Inshore Pipeline Spill Probability 
The spill probability analysis for the coastal/inshore components of the BMOP Project included: 

• An analysis of the expected frequency of spills based on the type of pipeline and mitigation 
measures in place; 

• An analysis of the probability distribution of expected release volumes in the event of a spill; and 
• An analysis of the expected frequency of the hypothetical modeled coastal/inshore pipeline spills. 

Description of BMOP Coastal/Inshore Pipeline Components 
The coastal/inshore pipeline from the new pump station at the existing tank farm to the Stingray pipeline 
would be a 42-inch newly-constructed pipeline with a wall thickness varying from 0.469 to 0.750 inches. 
The pipeline would be constructed of steel X70 material. The majority of the pipeline would be below 
ground except at traps and mainline valves (MLVs). The overall coastal/inshore pipeline length is 36 miles 
from the launcher to the Stingray pipeline at MP 36. The pipeline then continues for 3.9 miles across land 
to the shore of the Gulf of Mexico. It follows the path shown in Figure 6. (The pipeline from the shoreline 
to the offshore platform and single-point mooring (SPM) is considered in Chapter 3). The breakdown of 
the coastal/inshore pipeline parts for the analysis is shown in Table 13. The section breakdowns are based 
on the types of locations (land, underwater, under vessel traffic lanes). 

 
Figure 6: BMOP Coastal/Inshore Pipeline Path 
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Table 13: Description of BMOP Coastal/Inshore Pipeline Sections 

Section Pipeline 
Mileposts Description Length 

(miles) 
Volume 

(bbl) 
CPI-1 MP 0–1 Across land tank farm to shore of Neches River 1.00 6,160 
CPI-2 MP 1–1.26 Underwater crossing at Neches River 0.26 1,602 
CPI-3 MP 1.26–5 Across marsh areas at Lower Neches WMA 3.74 23,038 
CPI-4 MP 5–13.7 Across land on outskirts of Orangefield, Texas 8.70 53,592 
CPI-5 MP 13.7–15.2 Underwater crossing at Old River Cove 1.50 9,240 
CPI-6 MP 15.2–15.4 Underwater crossing at Sabine-Neches Canal vessel traffic 0.20 1,232 
CPI-7 MP 15.4–26 Underwater crossing at Sabine Lake 10.60 65,296 
CPI-8 MP 26–37 Across land at Johnson Bayou, Louisiana, to Stingray pipeline 11.0 67,760 
CPI-9 MP 37–GOM Across land at Johnson Bay, Louisiana, to GOM shore 3.88 23,901 
Total   40.88 251,821 

 
The base design of the pipeline has a maximum 80,000 bbl/hour flow rate, or 1,333.33 bbl/minute and 700.8 
million bbl per year. With continuous operation at an 80,000-bbl/hour rate, the annual transport through the 
BMOP coastal/inshore pipeline would be 28.65 billion bbl-miles.6 The bbl-mile measurements for the 
pipeline sections are shown in Table 14. 

Table 14: Bbl-Miles for BMOP Coastal/Inshore Pipeline Sections 
Section Length (miles) Annual Bbl-Miles Billion Bbl-Miles7 
CPI-1 1.00 7.01 x 108 0.70 
CPI-2 0.26 1.82 x 108 0.18 
CPI-3 3.74 2.62 x 109 2.62 
CPI-4 8.70 6.10 x 109 6.10 
CPI-5 1.50 1.05 x 109 1.05 
CPI-6 0.20 1.40 x 108 0.14 
CPI-7 10.60 7.43 x 109 7.43 
CPI-8 11.0 7.71 x 109 7.71 
CPI-9 3.88 2.72 x 109 2.72 
Total 40.88 2.86 x 1010 28.65 

General Trends in Coastal/Inshore Pipeline Spills 
Data for coastal/inshore pipeline spills from the US Department of Transportation (DOT) Pipeline and 
Hazardous Materials Safety Administration (PHMSA) for the years 1968 through 2018 (the most complete 
data set available) were analyzed to determine general trends and to derive spillage rates to apply in the 
BMOP spill risk assessment. Records for spills during the 1960s through 1980s, and even into the 1990s, 
do not contain as much information as those for more recent spills. In addition, older records generally 
focus on “larger” spills or ones that were otherwise noteworthy. 

 
6 The calculation of annual bbl-miles is required to determine potential spill frequencies, which historical data record 
on the basis of spill number or spillage volume per bbl-mile on an annual basis. 
7 Billion bbl-miles are shown as these are the values entered into the spill rate calculations. 
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Increasing responsibility on the part of the oil industry and changes in regulatory requirements have resulted 
in the reporting of increasingly smaller spills. When considering spill number, this could lead to an 
erroneous conclusion that the numbers of spills are increasing. This is shown in the data for oil pipeline 
spills. However, the annual volume of spillage has generally steadily decreased (Figure 7). The variations 
in volumes from year to year are usually attributable to single incidents involving larger volumes. The 
“noise” in the annual data can be evened out by looking at average annual volumes over longer time periods, 
such as decades (Figure 8 and Table 15). This better illustrates the general downward trend in spill volume 
over the past five decades. 

At same time, the reported numbers of pipeline spills appear to decrease and then increase precipitously in 
2002 (Figure 9). However, this sudden increase can be attributed to an increased reporting and recording 
of smaller spills due to changes in pipeline regulatory agency requirements.8 

 
Figure 7: Total Annual Volume of US Oil Pipeline Spills 
 
Table 15: Summary of Average Annual Volume of Oil Pipeline Spillage 

Time Period Bbl Spilled 
Total (1968–2018) 7,197,872 bbl 
Average Annual 1968–2018 141,135 bbl/year 
Average Annual 1968-1977 259,555 bbl/year 
Average Annual 1978-1987 178,399 bbl/year 
Average Annual 1988-1997 121,668 bbl/year 
Average Annual 1998-2007 103,141 bbl/year 
Average Annual 2008-2018 48,941 bbl/year 

 
8 Etkin 2014b. 
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Figure 8: Total Annual Volume of US Oil Pipeline Spills 
 

 
Figure 9: Total Annual Numbers of US Pipeline Spills by Size Category 
 
By taking the data for spills by volume category, the effect of the smaller spills on the total spill numbers 
can be seen. Figure 10 and Table 16 show the clear reduction in spill numbers for pipeline spills of 1,000 
bbl and larger. 
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Figure 10: Total Annual Numbers of US Pipeline Spills 1,000 bbl and Larger 
 
Table 16: Summary of Average Annual Numbers of Major Oil Pipeline Spills 

Time Period 
Numbers of Spills9 

238+ bbl 1,000+ bbl 
Total (1968–2018) 3,645 spills 1,377 spills 
Average Annual 1968–2018 71 spills/year 27 spills/year 
Average Annual 1968–1977 149 spills/year 55 spills/year 
Average Annual 1978–1987 97 spills/year 38 spills/year 
Average Annual 1988–1997 60 spills/year 24 spills/year 
Average Annual 1998–2007 52 spills/year 19 spills/year 
Average Annual 2008–2018 28 spills/year 10 spills/year 
 
  

 
9 Note that “238+ bbl” category includes all spill incidents that were 238 bbl (10,000 gallons) or larger, and includes 
all of the incidents incorporated into the “1,000+ bbl” category. 
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Spillage per Pipeline Transport 
Reductions in oil spillage per transport in pipelines are shown in Figure 11 and Table 17. There has been a 
steady decrease of about 35% per decade, with an overall decrease of 72% from 1980 to the present decade. 

 
Figure 11: Pipeline Spillage per Barrel-Miles of Oil Transport 
 
Table 17: Summary US Oil Pipeline Spillage per Transport by Pipeline 

Year Bbl Spilled per Billion Bbl-Miles of Pipeline Transport 
Average 1980–1987  45.50 
Average 1988–1997 29.71 
Average 1998–2007 19.88 
Average 2008–2018 12.72 

Probability Distribution of Pipeline Spill Volumes 
The probability distribution of spill volumes was analyzed for the time period 2002–2018 in order to include 
the smallest spill volume categories and to reflect more recent pipeline operations. The probabilities of 
different volumes of spillage when a spill does occur are shown in Figure 12, Table 18, and Table 19. 
Nearly 23% of spills were reported to be 1 bbl. Nearly 50% of spills during 2002 through 2018 were five 
bbl or less; 75% were 58 bbl or less; and 95% were less than 1,000 bbl. The largest reported spill volume 
was 49,000 bbl. There were three larger pipeline spills that occurred in earlier years–a 55,000-bbl spill that 
occurred in 1986; a 110,000-bbl spill that occurred in 1983; and a 223,183-bbl spill that occurred in 1970. 
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Figure 12: Probability Distribution of Oil Pipeline Spill Volumes (2002–2018 PHMSA 
Data)10 
  
Table 18: Percentile Volumes for Oil Pipeline Spills (2002–2018 PHMSA Data) 

Percentile Spill Volume 
25th Percentile 1.5 bbl 
50th Percentile 5 bbl 
75th Percentile 58 bbl 
90th Percentile 400 bbl 
95th Percentile 920 bbl 
99th Percentile 5,232 bbl 
Worst-Case Discharge Reported 49,000 bbl 

 
Table 19: Percent Spills by Volume Category (2002–2018 PHMSA Data) 

Spill Volume Category % Total 
1–9 bbl 50.35% 
10–99 bbl 29.10% 
100–999 bbl 15.59% 
1,000–9,999 bbl 4.58% 
10,000–49,000 bbl 0.38% 

 
10 Note the logarithmic scale for the X-axis. 
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Analysis of Coastal/Inshore Pipeline Spill Causes 
PHMSA data on a total of 3,326 pipeline spills that occurred during the time period 2002 through early 
March 2020 were analyzed with respect to spill cause. This time period was selected because it provided 
the most complete data on spill causes and also represented more contemporary pipeline operating 
procedures than the data for the years going back to 1980. The breakdown of spills by cause are shown in 
Table 20 for incidents related to pipeline condition and operation, or situations that may have been under 
the control of the pipeline operator. Table 21 shows the breakdown for incidents related to outside forces, 
or factors for which the pipeline operator generally would not have had control in preventing the incident. 
Table 22 and Table 23 show the data for crude pipelines only. 

Table 20: Pipeline Spill Incidents Related to Condition and Operation11 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 

Corrosion 
External 18.1993 4.40 x 10-3 208.35 8,600.00 
Internal 32.5498 7.86 x 10-3 260.07 49,000.00 
Miscellaneous 9.2921 2.24 x 10-3 2.39 5.00 

Excavation Damage Operator or Contractor 5.5533 1.34 x 10-3 621.60 11,494.00 
Fire Explosion Primary Cause 0.1649 3.98 x 10-5 3,192.67 8,420.00 

Incorrect Operation 

Damage by Operator/Contractor 0.6598 1.59 x 10-4 141.19 1,029.00 
Incorrect Equip Specified/Install 0.3849 9.30 x 10-5 5.04 17.00 
Incorrect Installation 3.6838 8.90 x 10-4 111.00 1,800.00 
Incorrect Valve Position 3.6289 8.77 x 10-4 44.18 989.00 
Other 14.2405 3.44 x 10-3 228.65 10,380.00 
Overfill/Overflow of Tank/ Sump 4.6735 1.13 x 10-3 81.08 2,580.00 
Pipeline/Equip Overpressured 1.3746 3.32 x 10-4 216.58 1,372.00 

Material/Weld/Equip 
Failure 

Body of Pipe 0.8797 2.12 x 10-4 520.06 2,420.00 
Broken Pipe Coupling 2.8041 6.77 x 10-4 248.41 6,000.00 
Butt Weld 0.9347 2.26 x 10-4 744.94 4,500.00 
Connection Failure 10.4467 2.52 x 10-3 130.60 9,000.00 
Construct/Installation/Fabrication 4.1237 9.96 x 10-4 196.67 6,592.00 
Defective/Loose Tubing or Fitting 4.5636 1.10 x 10-3 86.94 1,450.00 
Environmental Cracking 1.0447 2.52 x 10-4 1,678.79 20,082.00 
Fillet Weld 0.6598 1.59 x 10-4 223.92 1,075.00 
Joint Fitting 4.9485 1.20 x 10-3 272.53 9,762.00 
Malfunction Control/Relief Equip 9.4021 2.27 x 10-3 73.59 1,970.00 
Manufacturing-Related 2.6942 6.51 x 10-4 717.83 5,167.00 
Miscellaneous 0.1649 3.98 x 10-5 3.00 3.00 
Other 25.3471 6.12 x 10-3 99.29 12,229.00 
Pipe Seam 1.9794 4.78 x 10-4 2,132.72 31,322.00 
Pump 10.8316 2.62 x 10-3 49.59 3,500.00 

 
11 Based on PHMSA data for crude/refined petroleum pipeline spills of ≥1 bbl during January 2002–early March 2020. 
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Table 20: Pipeline Spill Incidents Related to Condition and Operation11 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Rupture/Leak Seal/Pump Packing 5.2234 1.26 x 10-3 163.39 6,679.00 
Thread Connection/Coupling Fail 6.1581 1.49 x 10-3 117.76 6,911.00 
Thread Strip/Broken Pipe Couple 0.0550 1.33 x 10-5 204.76 204.76 

Miscellaneous - 7.9175 1.91 x 10-3 327.62 15,000.00 
 
Table 21: Pipeline Spill Incidents Related to Outside Forces12 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Excavation Damage Third-Party 8.7973 2.12 x 10-3 590.01 5,000.00 

Natural Force 
Damage 

Earth Movement 0.9897 2.39 x 10-4 1,522.66 12,615.00 
Electrical Arcing from Equip 0.6048 1.46 x 10-4 330.64 1,760.00 
Heavy Rain/Floods 2.8591 6.91 x 10-4 977.99 25,435.00 
High Winds 1.3196 3.19 x 10-4 1,719.74 23,614.00 
Lightning 0.7148 1.73 x 10-4 1,625.01 20,600.00 
Other 1.6495 3.98 x 10-4 43.65 758.00 
Temperature 3.6289 8.77 x 10-4 97.88 2,133.00 

Outside Force 
Damage 

Other 1.4845 3.59 x 10-4 355.73 7,538.00 
Previous Mechanical Damage 0.4948 1.20 x 10-4 875.33 3,200.00 
Vandalism 0.4948 1.20 x 10-4 273.44 1,850.00 
Vehicle (Non-Excavation) 2.0893 5.05 x 10-4 287.70 12,615.00 

 
Table 22: Crude Pipeline Spill Incidents Related to Condition and Operation13 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 

Corrosion 
External 9.8969 2.39 x 10-3 143.84 8,600.00 
Internal 29.1959 7.05 x 10-3 241.91 49,000.00 
Miscellaneous 7.1478 1.73 x 10-3 2.45 5.00 

Excavation Damage Operator or Contractor 2.8041 6.77 x 10-4 747.04 10,460.00 
Fire Explosion Primary Cause 0.0550 1.33 x 10-5 898.00 898.00 

Incorrect Operation 

Damage by Operator/Contractor 0.4399 1.06 x 10-4 210.50 1,029.00 
Incorrect Equip Specified/Install 0.3299 7.97 x 10-5 5.72 17.00 
Incorrect Installation 2.0893 5.05 x 10-4 64.81 1,501.00 
Incorrect Valve Position 2.2543 5.45 x 10-4 37.14 790.00 

 
12 Based on PHMSA data for crude/refined petroleum pipeline spills of ≥1 bbl during January 2002–early March 2020. 
13 Based on PHMSA data for crude pipeline spills of ≥1 bbl during January 2002–early March 2020. 
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Table 22: Crude Pipeline Spill Incidents Related to Condition and Operation13 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Other 6.4880 1.57 x 10-3 346.35 10,380.00 
Overfill/Overflow of Tank/ Sump 3.0241 7.30 x 10-4 110.95 2,580.00 
Pipeline/Equip Overpressured 0.7698 1.86 x 10-4 108.03 675.00 

Material/Weld/Equip 
Failure 

Body of Pipe 0.3849 9.30 x 10-5 691.86 1,399.00 
Broken Pipe Coupling 1.3196 3.19 x 10-4 227.21 1,400.00 
Butt Weld 0.5498 1.33 x 10-4 668.70 4,500.00 
Connection Failure 6.2680 1.51 x 10-3 79.95 3,300.00 
Construct/Installation/Fabrication 2.1993 5.31 x 10-4 225.15 6,592.00 
Defective/Loose Tubing or Fitting 2.2543 5.45 x 10-4 54.18 800.00 
Environmental Cracking 0.4399 1.06 x 10-4 3,342.00 20,082.00 
Fillet Weld 0.3849 9.30 x 10-5 13.57 56.00 
Joint Fitting 2.1443 5.18 x 10-4 407.77 9,762.00 
Malfunction Control/Relief Equip 5.3883 1.30 x 10-3 102.67 1,970.00 
Manufacturing-Related 1.4296 3.45 x 10-4 974.47 4,515.00 
Miscellaneous 0 0 0 0 
Other 13.9107 3.36 x 10-3 177.53 12,229.00 
Pipe Seam 0.8797 2.12 x 10-4 3,358.19 31,322.00 
Pump 7.1478 1.73 x 10-3 59.60 3,500.00 
Rupture/Leak Seal/Pump Packing 2.7491 6.64 x 10-4 188.92 6,679.00 
Thread Connection/Coupling Fail 3.7938 9.16 x 10-4 155.76 6,911.00 
Thread Strip/Broken Pipe Couple 0 0 0 0 

Miscellaneous - 4.0687 9.83 x 10-4 370.67 15,000.00 
 
Table 23: Crude Pipeline Spill Incidents Related to Outside Forces14 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Excavation Damage Third-Party 3.9588 9.56 x 10-4 610.65 5,000.00 

Natural Force 
Damage 

Earth Movement 0.8247 1.99 x 10-4 1,798.71 12,615.00 
Electrical Arcing from Equip 0.1649 3.98 x 10-5 856.67 1,760.00 
Heavy Rain/Floods 1.8144 4.38 x 10-4 1,074.75 25,435.00 
High Winds 1.2646 3.05 x 10-4 1,794.21 23,614.00 
Lightning 0.3299 7.97 x 10-5 3,441.03 20,600.00 
Other 1.0447 2.52 x 10-4 59.27 758.00 
Temperature 1.3746 3.32 x 10-4 51.69 297.00 

Outside Force 
Damage 

Other 0.8247 1.99 x 10-4 524.25 7,538.00 
Previous Mechanical Damage 0.1100 2.66 x 10-5 1,600.50 3,200.00 

 
14 Based on PHMSA data for crude pipeline spills of ≥1 bbl during January 2002–early March 2020. 
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Table 23: Crude Pipeline Spill Incidents Related to Outside Forces14 

General Cause 
Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Vandalism 0.3849 9.30 x 10-5 334.00 1,850.00 
Vehicle (Non-Excavation) 1.5395 3.72 x 10-4 212.56 1,800.00 

Analysis of BMOP Coastal/Inshore Pipeline Spill Probability 
For application to the BMOP pipeline spill probability analysis, the values for crude pipelines were used 
for those factors that would be expected to be significantly different for crude pipeline operations than for 
refined petroleum pipelines. The applied values are shown in Table 24. 

Table 24: Pipeline Spill Incident Rates Applied in BMOP Analysis 

General Cause 
Category Cause Detail 

Incident 
Rate 

Applied 

Incident Rate 

Average 
Annual 

Average per 
Billion-Bbl 
Transport 

Corrosion 
External Crude only 9.8969 2.39 x 10-3 
Internal Crude only 29.1959 7.05 x 10-3 
Miscellaneous Crude only 7.1478 1.73 x 10-3 

Excavation Damage Operator or Contractor All pipelines 5.5533 1.34 x 10-3 
Fire Explosion Primary Cause Crude only 2.8041 6.77 x 10-4 

Incorrect Operation 

Damage by Operator/Contractor All pipelines 0.6598 1.59 x 10-4 
Incorrect Equip Specified/Install All pipelines 0.3849 9.30 x 10-5 
Incorrect Installation All pipelines 3.6838 8.90 x 10-4 
Incorrect Valve Position All pipelines 3.6289 8.77 x 10-4 
Other All pipelines 14.2405 3.44 x 10-3 
Overfill/Overflow of Tank/ Sump All pipelines 4.6735 1.13 x 10-3 
Pipeline/Equip Overpressured All pipelines 1.3746 3.32 x 10-4 

Material/Weld/Equip 
Failure 

Body of Pipe Crude only 0.3849 9.30 x 10-5 
Broken Pipe Coupling Crude only 1.3196 3.19 x 10-4 
Butt Weld Crude only 0.5498 1.33 x 10-4 
Connection Failure Crude only 6.2680 1.51 x 10-3 
Construct/Installation/Fabrication Crude only 2.1993 5.31 x 10-4 
Defective/Loose Tubing or Fitting Crude only 2.2543 5.45 x 10-4 
Environmental Cracking Crude only 0.4399 1.06 x 10-4 
Fillet Weld Crude only 0.3849 9.30 x 10-5 
Joint Fitting Crude only 2.1443 5.18 x 10-4 
Malfunction Control/Relief Equip Crude only 5.3883 1.30 x 10-3 
Manufacturing-Related Crude only 1.4296 3.45 x 10-4 
Miscellaneous All pipelines 0.1649 3.98 x 10-5 
Other Crude only 13.9107 3.36 x 10-3 
Pipe Seam Crude only 0.8797 2.12 x 10-4 
Pump Crude only 7.1478 1.73 x 10-3 
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Table 24: Pipeline Spill Incident Rates Applied in BMOP Analysis 

General Cause 
Category Cause Detail 

Incident 
Rate 

Applied 

Incident Rate 

Average 
Annual 

Average per 
Billion-Bbl 
Transport 

Rupture/Leak Seal/Pump Packing Crude only 2.7491 6.64 x 10-4 
Thread Connection/Coupling Fail Crude only 3.7938 9.16 x 10-4 
Thread Strip/Broken Pipe Couple All pipelines 0.0550 1.33 x 10-5 

Miscellaneous - All pipelines 7.9175 1.91 x 10-3 
Excavation Damage Third-Party All pipelines 8.7973 2.12 x 10-3 

Natural Force 
Damage 

Earth Movement Crude only 0.8247 1.99 x 10-4 
Electrical Arcing from Equip Crude only 0.1649 3.98 x 10-5 
Heavy Rain/Floods Crude only 1.8144 4.38 x 10-4 
High Winds Crude only 1.2646 3.05 x 10-4 
Lightning Crude only 0.3299 7.97 x 10-5 
Other Crude only 1.0447 2.52 x 10-4 
Temperature Crude only 1.3746 3.32 x 10-4 

Outside Force 
Damage 

Other All pipelines 1.4845 3.59 x 10-4 
Previous Mechanical Damage All pipelines 0.4948 1.20 x 10-4 
Vandalism All pipelines 0.4948 1.20 x 10-4 
Vehicle (Non-Excavation) All pipelines 2.0893 5.05 x 10-4 

 
The calculated incident rates (expected annual frequency) for the coastal/inshore BMOP pipeline segments 
by general cause category are shown in Table 25. The data are shown by cause detail in Table 26. Note that 
these are spills of any volume, not necessarily worst-case discharges. 
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Table 25: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills 
General Cause 

Category 
Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Corrosion 7.82 x 10-3 2.01 x 10-3 2.93 x 10-2 6.81 x 10-2 1.17 x 10-2 1.56 x 10-3 8.30 x 10-2 8.61 x 10-2 3.04 x 10-2 3.20 x 10-1 

Excavation 
(Operator) 9.38 x 10-4 2.41 x 10-4 3.51 x 10-3 8.17 x 10-3 1.41 x 10-3 1.88 x 10-4 9.96 x 10-3 1.03 x 10-2 3.64 x 10-3 3.84 x 10-2 

Fire Explosion 4.74 x 10-4 1.22 x 10-4 1.77 x 10-3 4.13 x 10-3 7.11 x 10-4 9.48 x 10-5 5.03 x 10-3 5.22 x 10-3 1.84 x 10-3 1.94 x 10-2 

Incorrect Operation 4.84 x 10-3 1.25 x 10-3 1.81 x 10-2 4.22 x 10-2 7.27 x 10-3 9.69 x 10-4 5.14 x 10-2 5.34 x 10-2 1.88 x 10-2 1.98 x 10-1 

Material/Weld/ 
Equip Failure 8.70 x 10-3 2.24 x 10-3 3.26 x 10-2 7.58 x 10-2 1.30 x 10-2 1.74 x 10-3 9.23 x 10-2 9.58 x 10-2 3.38 x 10-2 3.56 x 10-1 

Miscellaneous 1.34 x 10-3 3.44 x 10-4 5.00 x 10-3 1.17 x 10-2 2.01 x 10-3 2.67 x 10-4 1.42 x 10-2 1.47 x 10-2 5.20 x 10-3 5.47 x 10-2 

Excavation Damage 
(Third-Party) 1.48 x 10-3 3.82 x 10-4 5.55 x 10-3 1.29 x 10-2 2.23 x 10-3 2.97 x 10-4 1.58 x 10-2 1.63 x 10-2 5.77 x 10-3 6.07 x 10-2 

Natural Force 
Damage 1.15 x 10-3 2.96 x 10-4 4.31 x 10-3 1.00 x 10-2 1.73 x 10-3 2.30 x 10-4 1.22 x 10-2 1.27 x 10-2 4.48 x 10-3 4.71 x 10-2 

Outside Force 
Damage 7.73 x 10-4 1.99 x 10-4 2.89 x 10-3 6.73 x 10-3 1.16 x 10-3 1.55 x 10-4 8.20 x 10-3 8.51 x 10-3 3.00 x 10-3 3.16 x 10-2 

Grand Total 2.75 x 10-2 7.08 x 10-3 1.03 x 10-1 2.40 x 10-1 4.13 x 10-2 5.50 x 10-3 2.92 x 10-1 3.03 x 10-1 1.07 x 10-1 1.13 

 
Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 

General Cause 
Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Corrosion (External) 1.67 x 10-3 4.30 x 10-4 6.26 x 10-3 1.46 x 10-2 2.51 x 10-3 3.35 x 10-4 1.78 x 10-2 1.84 x 10-2 6.50 x 10-3 6.85 x 10-2 

Corrosion (Internal) 4.94 x 10-3 1.27 x 10-3 1.85 x 10-2 4.30 x 10-2 7.40 x 10-3 9.87 x 10-4 5.24 x 10-2 5.44 x 10-2 1.92 x 10-2 2.02 x 10-1 

Corrosion 
(Miscellaneous) 1.21 x 10-3 3.11 x 10-4 4.53 x 10-3 1.06 x 10-2 1.82 x 10-3 2.42 x 10-4 1.29 x 10-2 1.33 x 10-2 4.71 x 10-3 4.96 x 10-2 
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Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 
General Cause 

Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Excavation (Operator) 9.38 x 10-4 2.41 x 10-4 3.51 x 10-3 8.17 x 10-3 1.41 x 10-3 1.88 x 10-4 9.96 x 10-3 1.03 x 10-2 3.64 x 10-3 3.84 x 10-2 

Fire Explosion 
(Primary Cause) 4.74 x 10-4 1.22 x 10-4 1.77 x 10-3 4.13 x 10-3 7.11 x 10-4 9.48 x 10-5 5.03 x 10-3 5.22 x 10-3 1.84 x 10-3 1.94 x 10-2 

Incorrect Operation 
(Damage by Operator/ 
Contractor) 

1.11 x 10-4 2.86 x 10-5 4.17 x 10-4 9.70 x 10-4 1.67 x 10-4 2.23 x 10-5 1.18 x 10-3 1.23 x 10-3 4.32 x 10-4 4.56 x 10-3 

Incorrect Operation 
(Incorrect Equip 
Specified/ Install) 

6.51 x 10-5 1.67 x 10-5 2.44 x 10-4 5.67 x 10-4 9.77 x 10-5 1.30 x 10-5 6.91 x 10-4 7.17 x 10-4 2.53 x 10-4 2.66 x 10-3 

Incorrect Operation 
(Incorrect Installation) 6.23 x 10-4 1.60 x 10-4 2.33 x 10-3 5.43 x 10-3 9.35 x 10-4 1.25 x 10-4 6.61 x 10-3 6.86 x 10-3 2.42 x 10-3 2.55 x 10-2 

Incorrect Operation 
(Incorrect Valve 
Position) 

6.14 x 10-4 1.58 x 10-4 2.30 x 10-3 5.35 x 10-3 9.21 x 10-4 1.23 x 10-4 6.52 x 10-3 6.76 x 10-3 2.39 x 10-3 2.51 x 10-2 

Incorrect Operation 
(Other) 2.41 x 10-3 6.19 x 10-4 9.01 x 10-3 2.10 x 10-2 3.61 x 10-3 4.82 x 10-4 2.56 x 10-2 2.65 x 10-2 9.36 x 10-3 9.86 x 10-2 

Incorrect Operation 
(Overfill/Overflow of 
Tank/ Sump) 

7.91 x 10-4 2.03 x 10-4 2.96 x 10-3 6.89 x 10-3 1.19 x 10-3 1.58 x 10-4 8.40 x 10-3 8.71 x 10-3 3.07 x 10-3 3.24 x 10-2 

Incorrect Operation 
(Pipeline/Equip 
Overpressured) 

2.32 x 10-4 5.98 x 10-5 8.70 x 10-4 2.03 x 10-3 3.49 x 10-4 4.65 x 10-5 2.47 x 10-3 2.56 x 10-3 9.03 x 10-4 9.51 x 10-3 

Material/Weld/Equip 
Fail (Body of Pipe) 6.51 x 10-5 1.67 x 10-5 2.44 x 10-4 5.67 x 10-4 9.77 x 10-5 1.30 x 10-5 6.91 x 10-4 7.17 x 10-4 2.53 x 10-4 2.66 x 10-3 

Material/Weld/Equip 
Fail (Broken Pipe 
Coupling) 

2.23 x 10-4 5.74 x 10-5 8.36 x 10-4 1.95 x 10-3 3.35 x 10-4 4.47 x 10-5 2.37 x 10-3 2.46 x 10-3 8.68 x 10-4 9.14 x 10-3 
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Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 
General Cause 

Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Material/Weld/Equip 
Fail (Butt Weld) 9.31 x 10-5 2.39 x 10-5 3.48 x 10-4 8.11 x 10-4 1.40 x 10-4 1.86 x 10-5 9.88 x 10-4 1.03 x 10-3 3.62 x 10-4 3.81 x 10-3 

Material/Weld/Equip 
Fail (Connection Fail) 1.06 x 10-3 2.72 x 10-4 3.96 x 10-3 9.21 x 10-3 1.59 x 10-3 2.11 x 10-4 1.12 x 10-2 1.16 x 10-2 4.11 x 10-3 4.33 x 10-2 

Material/Weld/Equip 
Fail 
(Construct/Installation/ 
Fabrication) 

3.72 x 10-4 9.56 x 10-5 1.39 x 10-3 3.24 x 10-3 5.58 x 10-4 7.43 x 10-5 3.95 x 10-3 4.09 x 10-3 1.44 x 10-3 1.52 x 10-2 

Material/Weld/Equip 
Fail (Defective/Loose 
Tubing or Fitting) 

3.82 x 10-4 9.81 x 10-5 1.43 x 10-3 3.32 x 10-3 5.72 x 10-4 7.63 x 10-5 4.05 x 10-3 4.20 x 10-3 1.48 x 10-3 1.56 x 10-2 

Material/Weld/Equip 
Fail (Environmental 
Cracking) 

7.42 x 10-5 1.91 x 10-5 2.78 x 10-4 6.47 x 10-4 1.11 x 10-4 1.48 x 10-5 7.88 x 10-4 8.17 x 10-4 2.88 x 10-4 3.04 x 10-3 

Material/Weld/Equip 
Fail (Fillet Weld) 6.51 x 10-5 1.67 x 10-5 2.44 x 10-4 5.67 x 10-4 9.77 x 10-5 1.30 x 10-5 6.91 x 10-4 7.17 x 10-4 2.53 x 10-4 2.66 x 10-3 

Material/Weld/Equip 
Fail (Joint Fitting) 3.63 x 10-4 9.32 x 10-5 1.36 x 10-3 3.16 x 10-3 5.44 x 10-4 7.25 x 10-5 3.85 x 10-3 3.99 x 10-3 1.41 x 10-3 1.48 x 10-2 

Material/Weld/Equip 
Fail (Malfunction 
Control/Relief Equip) 

9.10 x 10-4 2.34 x 10-4 3.41 x 10-3 7.93 x 10-3 1.37 x 10-3 1.82 x 10-4 9.66 x 10-3 1.00 x 10-2 3.54 x 10-3 3.72 x 10-2 

Material/Weld/Equip 
Fail (Manufacturing-
Related) 

2.42 x 10-4 6.21 x 10-5 9.04 x 10-4 2.10 x 10-3 3.62 x 10-4 4.83 x 10-5 2.56 x 10-3 2.66 x 10-3 9.38 x 10-4 9.88 x 10-3 

Material/Weld/Equip 
Fail (Miscellaneous) 2.79 x 10-5 7.16 x 10-6 1.04 x 10-4 2.43 x 10-4 4.18 x 10-5 5.57 x 10-6 2.96 x 10-4 3.07 x 10-4 1.08 x 10-4 1.14 x 10-3 

Material/Weld/Equip 
Fail (Other) 2.35 x 10-3 6.05 x 10-4 8.80 x 10-3 2.05 x 10-2 3.53 x 10-3 4.70 x 10-4 2.50 x 10-2 2.59 x 10-2 9.14 x 10-3 9.63 x 10-2 
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Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 
General Cause 

Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Material/Weld/Equip 
Fail (Pipe Seam) 1.48 x 10-4 3.82 x 10-5 5.55 x 10-4 1.29 x 10-3 2.23 x 10-4 2.97 x 10-5 1.58 x 10-3 1.63 x 10-3 5.77 x 10-4 6.07 x 10-3 

Material/Weld/Equip 
Fail (Pump) 1.21 x 10-3 3.11 x 10-4 4.53 x 10-3 1.06 x 10-2 1.82 x 10-3 2.42 x 10-4 1.29 x 10-2 1.33 x 10-2 4.71 x 10-3 4.96 x 10-2 

Material/Weld/Equip 
Fail (Rupture/Leak 
Seal/Pump Packing) 

4.65 x 10-4 1.20 x 10-4 1.74 x 10-3 4.05 x 10-3 6.97 x 10-4 9.30 x 10-5 4.93 x 10-3 5.12 x 10-3 1.81 x 10-3 1.90 x 10-2 

Material/Weld/Equip 
Fail (Thread 
Connection/Coupling 
Fail) 

6.41 x 10-4 1.65 x 10-4 2.40 x 10-3 5.59 x 10-3 9.62 x 10-4 1.28 x 10-4 6.81 x 10-3 7.06 x 10-3 2.49 x 10-3 2.62 x 10-2 

Material/Weld/Equip 
Fail (Thread 
Strip/Broken Pipe 
Couple) 

9.31 x 10-6 2.39 x 10-6 3.48 x 10-5 8.11 x 10-5 1.40 x 10-5 1.86 x 10-6 9.88 x 10-5 1.03 x 10-4 3.62 x 10-5 3.81 x 10-4 

Miscellaneous 1.34 x 10-3 3.44 x 10-4 5.00 x 10-3 1.17 x 10-2 2.01 x 10-3 2.67 x 10-4 1.42 x 10-2 1.47 x 10-2 5.20 x 10-3 5.47 x 10-2 

Excavation Damage 
(Third-Party) 1.48 x 10-3 3.82 x 10-4 5.55 x 10-3 1.29 x 10-2 2.23 x 10-3 2.97 x 10-4 1.58 x 10-2 1.63 x 10-2 5.77 x 10-3 6.07 x 10-2 

Natural Force Damage 
(Earth Movement) 1.39 x 10-4 3.58 x 10-5 5.21 x 10-4 1.21 x 10-3 2.09 x 10-4 2.79 x 10-5 1.48 x 10-3 1.53 x 10-3 5.41 x 10-4 5.70 x 10-3 

Natural Force Damage 
(Electrical Arcing from 
Equip) 

2.79 x 10-5 7.16 x 10-6 1.04 x 10-4 2.43 x 10-4 4.18 x 10-5 5.57 x 10-6 2.96 x 10-4 3.07 x 10-4 1.08 x 10-4 1.14 x 10-3 

Natural Force Damage 
(Heavy Rain/Floods) 3.07 x 10-4 7.88 x 10-5 1.15 x 10-3 2.67 x 10-3 4.60 x 10-4 6.13 x 10-5 3.25 x 10-3 3.38 x 10-3 1.19 x 10-3 1.25 x 10-2 
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Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 
General Cause 

Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Natural Force Damage 
(High Winds) 2.14 x 10-4 5.49 x 10-5 7.99 x 10-4 1.86 x 10-3 3.20 x 10-4 4.27 x 10-5 2.27 x 10-3 2.35 x 10-3 8.30 x 10-4 8.74 x 10-3 

Natural Force Damage 
(Lightning) 5.58 x 10-5 1.43 x 10-5 2.09 x 10-4 4.86 x 10-4 8.37 x 10-5 1.12 x 10-5 5.92 x 10-4 6.14 x 10-4 2.17 x 10-4 2.28 x 10-3 

Natural Force Damage 
(Other) 1.76 x 10-4 4.54 x 10-5 6.60 x 10-4 1.54 x 10-3 2.65 x 10-4 3.53 x 10-5 1.87 x 10-3 1.94 x 10-3 6.85 x 10-4 7.22 x 10-3 

Natural Force Damage 
(Temperature) 2.32 x 10-4 5.98 x 10-5 8.70 x 10-4 2.03 x 10-3 3.49 x 10-4 4.65 x 10-5 2.47 x 10-3 2.56 x 10-3 9.03 x 10-4 9.51 x 10-3 

Outside Force Damage 
(Other) 2.51 x 10-4 6.46 x 10-5 9.41 x 10-4 2.19 x 10-3 3.77 x 10-4 5.03 x 10-5 2.67 x 10-3 2.77 x 10-3 9.76 x 10-4 1.03 x 10-2 

Outside Force Damage 
(Previous Mechanical 
Damage) 

8.40 x 10-5 2.16 x 10-5 3.14 x 10-4 7.32 x 10-4 1.26 x 10-4 1.68 x 10-5 8.92 x 10-4 9.25 x 10-4 3.26 x 10-4 3.44 x 10-3 

Outside Force Damage 
(Vandalism) 8.40 x 10-5 2.16 x 10-5 3.14 x 10-4 7.32 x 10-4 1.26 x 10-4 1.68 x 10-5 8.92 x 10-4 9.25 x 10-4 3.26 x 10-4 3.44 x 10-3 

Outside Force Damage 
(Vehicle (Non-
Excavation)) 

3.54 x 10-4 9.09 x 10-5 1.32 x 10-3 3.08 x 10-3 5.30 x 10-4 7.07 x 10-5 3.75 x 10-3 3.89 x 10-3 1.37 x 10-3 1.45 x 10-2 

Total Corrosion 7.82 x 10-3 2.01 x 10-3 2.93 x 10-2 6.81 x 10-2 1.17 x 10-2 1.56 x 10-3 8.30 x 10-2 8.61 x 10-2 3.04 x 10-2 3.20 x 10-1 

Total Excavation 
(Operator) 9.38 x 10-4 2.41 x 10-4 3.51 x 10-3 8.17 x 10-3 1.41 x 10-3 1.88 x 10-4 9.96 x 10-3 1.03 x 10-2 3.64 x 10-3 3.84 x 10-2 

Total Fire Explosion 4.74 x 10-4 1.22 x 10-4 1.77 x 10-3 4.13 x 10-3 7.11 x 10-4 9.48 x 10-5 5.03 x 10-3 5.22 x 10-3 1.84 x 10-3 1.94 x 10-2 
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Table 26: Expected Annual Frequency BMOP Coastal/Inshore Pipeline Spills (with Cause Details) 
General Cause 

Category 
(Detail) 

Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

Total Incorrect 
Operation 4.84 x 10-3 1.25 x 10-3 1.81 x 10-2 4.22 x 10-2 7.27 x 10-3 9.69 x 10-4 5.14 x 10-2 5.34 x 10-2 1.88 x 10-2 1.98 x 10-1 

Total 
Material/Weld/Equip 
Failure 

8.70 x 10-3 2.24 x 10-3 3.26 x 10-2 7.58 x 10-2 1.30 x 10-2 1.74 x 10-3 9.23 x 10-2 9.58 x 10-2 3.38 x 10-2 3.56 x 10-1 

Total Miscellaneous 1.34 x 10-3 3.44 x 10-4 5.00 x 10-3 1.17 x 10-2 2.01 x 10-3 2.67 x 10-4 1.42 x 10-2 1.47 x 10-2 5.20 x 10-3 5.47 x 10-2 

Total Excavation 
Damage (Third-Party) 1.48 x 10-3 3.82 x 10-4 5.55 x 10-3 1.29 x 10-2 2.23 x 10-3 2.97 x 10-4 1.58 x 10-2 1.63 x 10-2 5.77 x 10-3 6.07 x 10-2 

Total Natural Force 
Damage 1.15 x 10-3 2.96 x 10-4 4.31 x 10-3 1.00 x 10-2 1.73 x 10-3 2.30 x 10-4 1.22 x 10-2 1.27 x 10-2 4.48 x 10-3 4.71 x 10-2 

Total Outside Force 
Damage 7.73 x 10-4 1.99 x 10-4 2.89 x 10-3 6.73 x 10-3 1.16 x 10-3 1.55 x 10-4 8.20 x 10-3 8.51 x 10-3 3.00 x 10-3 3.16 x 10-2 

Grand Total 2.75 x 10-2 7.08 x 10-3 1.03 x 10-1 2.40 x 10-1 4.13 x 10-2 5.50 x 10-3 2.92 x 10-1 3.03 x 10-1 1.07 x 10-1 1.13 
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Probability Distribution of BMOP Coastal/Inshore Pipeline Spill Volumes 
The expected annual frequencies of spills in Table 25 and Table 26 are for spills of any volume of at least 
one bbl, not necessarily a large spill or worst-case discharge. Based on the general historical average rate 
of a volume of spillage of 12.72 bbl per billion bbl-miles for 2008–2018 (Table 17), the expected average 
total spill volumes for the segments of the coastal/inshore BMOP pipeline are as shown in Table 27. Based 
on this analysis, the expected average total volume of spillage per year would be 364 bbl. In 20 years of 
operation at the same capacity, the cumulative volume of spillage would be, on average, 7,289 bbl. 

Table 27: Average Total Spillage Volume for BMOP Coastal/Inshore Pipeline Spills 
Pipeline 
Section 

Average Expected Spillage Volume (bbl) 
Per- Year In 5 Years In 10 Years In 20 Years 

CPI-1 9 45 89 178 
CPI-2 2 11 23 46 
CPI-3 33 167 333 667 
CPI-4 78 388 776 1,552 
CPI-5 13 67 134 267 
CPI-6 2 9 18 36 
CPI-7 95 473 945 1,890 
CPI-8 98 490 981 1,961 
CPI-9 35 173 346 692 
Total 364 1,822 3,644 7,289 

 
The volumes in Table 27 are averages for all types of spill incidents. These average volumes include a 
broad range of volumes from one bbl or less to as much as 49,000 bbl based on historical data (Figure 12 
and Table 18). These averages also include both crude pipelines and refined petroleum pipelines, which 
differ somewhat in their operations and spill characteristics, as shown in Table 20 through Table 23. The 
volume of oil that spills from a pipeline in any one incident depends on several factors: 

• The cause of the incident; 
• The degree of damage due to corrosion, outside force damage, or structural failure; 
• The flow rate and pressure of the oil flowing through the pipeline at the time of the incident; and 
• The duration of the flow (i.e., the time between when the oil release is first detected to the time that 

the flow is shut off to that segment of pipe and the oil remaining in the pipe flows out). 

Applying the historical probability distribution of spill volumes for 2002–2018 (as in Figure 12, Table 18, 
and Table 19) to the expected frequencies of pipeline spills from the BMOP coastal/inshore pipeline 
segments (Table 25 and Table 26), the expected frequency or annual probability of spills of different 
volumes was calculated, as shown in Table 28. The same data are expressed in “chances” in Table 29. 
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Table 28: Expected Annual Frequency Coastal/Inshore BMOP Pipeline Spills (Volume) 
Spill Volume 

Category 
Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

1-9 bbl 1.38 x 10-2 3.56 x 10-3 5.19 x 10-2 1.21 x 10-1 2.08 x 10-2 2.77 x 10-3 1.47 x 10-1 1.53 x 10-1 5.39 x 10-2 5.69 x 10-1 

10-99 bbl 8.00 x 10-3 2.06 x 10-3 3.00 x 10-2 6.98 x 10-2 1.20 x 10-2 1.60 x 10-3 8.50 x 10-2 8.82 x 10-2 3.11 x 10-2 3.29 x 10-1 

100-999 bbl 4.29 x 10-3 1.10 x 10-3 1.61 x 10-2 3.74 x 10-2 6.44 x 10-3 8.57 x 10-4 4.55 x 10-2 4.72 x 10-2 1.67 x 10-2 1.76 x 10-1 

1,000-9,999 bbl 1.26 x 10-3 3.24 x 10-4 4.72 x 10-3 1.10 x 10-2 1.89 x 10-3 2.52 x 10-4 1.34 x 10-2 1.39 x 10-2 4.90 x 10-3 5.17 x 10-2 

10,000-31,000 bbl 9.62 x 10-5 2.48 x 10-5 3.60 x 10-4 8.40 x 10-4 1.45 x 10-4 1.92 x 10-5 1.02 x 10-3 1.06 x 10-3 3.74 x 10-4 3.95 x 10-3 

 
Table 29: Annual Chances of BMOP Coastal/Inshore Pipeline Spills 

Spill Volume 
Category 

Expected Annual Frequency by Pipeline Segment 
CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 

1-9 bbl  1 in 170 1 in 280 1 in 19 1 in 8 1 in 48 1 in 360 1 in 7 1 in 7 1 in 19 1 in 2 

10-99 bbl 1 in 130 1 in 490 1 in 33 1 in 14 1 in 83 1 in 630 1 in 12 1 in 11 1 in 32 1 in 3 

100-999 bbl 1 in 230 1 in 910 1 in 62 1 in 27 1 in 160 1 in 1,200 1 in 22 1 in 21 1 in 60 1 in 6 

1,000-9,999 bbl 1 in 790 1 in 3,100 1 in 212 1 in 91 1 in 530 1 in 4,000 1 in 75 1 in 72 1 in 200 1 in 19 

10,000-31,000 bbl 1 in 
10,000 

1 in 
40,000 1 in 2,774 1 in 1,200 1 in 6,900 1 in 

52,000 1 in 980 1 in 940 1 in 2,700 1 in 250 
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The expected frequencies and chances of spills shown in Table 29 and Table 30 are on an annual basis. For 
every year that the BMOP coastal/inshore pipeline is in operation, the overall probability increases. Table 
30 provides the expected frequency of spills for the total pipeline (all segments considered together) for 
hypothetical longer operational periods. The same data are expressed in “chances” in Table 31. Expected 
frequencies shown in the red boxes are greater than one during the respective time period. For the “chances” 
(1 in X) where “X” is a number equal to one or less than one, there are predicted to be at least one spill of 
that size during the time period. For example, the analysis indicates that in five years, there are predicted 
to be 2.8 spills of less than 10 bbl. Over the course of 10 to 20 years, the predicted numbers of spills in this 
size category are 5.7 and 11, respectively. 
 
Table 30: Expected Frequency Coastal/Inshore BMOP Pipeline Spills over Time 

Spill Volume 
Category 

Expected Frequency of Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 0.57 2.8 5.7 11 
10-99 bbl 0.33 1.6 3.3 6.6 
100-999 bbl 0.18 0.88 1.8 3.5 
1,000-9,999 bbl 0.052 0.26 0.52 1.0 
10,000-31,000 bbl 0.0040 0.020 0.040 0.08 

 
Table 31: Chances of Coastal/Inshore BMOP Pipeline Spills over Time 

Spill Volume 
Category 

Expected Frequency of Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 2 1 in 0.4 1 in 0.2 1 in 0.1 
10-99 bbl 1 in 3 1 in 0.6 1 in 0.3 1 in 0.2 
100-999 bbl 1 in 6 1 in 1.1 1 in 0.6 1 in 0.3 
1,000-9,999 bbl 1 in 19 1 in 3.9 1 in 1.9 1 in 1.0 
10,000-31,000 bbl 1 in 250 1 in 51 1 in 25 1 in 13 

 
Probability of Modeled Hypothetical BMOP Coastal/Inshore Pipeline WCDs 
The greatest potential volume of spillage (i.e., the worst-case discharge, WCD) calculated for the BMOP 
coastal/inshore pipeline is as shown in Table 32. 

Table 32: Calculated WCD Volume for Coastal/Inshore BMOP Pipeline 

Location Total 
Volume Calculation Approach 

Neches River MP-1 24,885 bbl Pipeline WCD: 9 minutes of pump out prior to valve closure [3.9 mins], 
plus drain- down volume 

Sabine Lake MP-19.5 73,884 bbl Pipeline WCD: 9 minutes of pump out prior to valve closure [3.9 mins], 
plus drain- down volume 

 
The largest recorded pipeline spill during 2002–2018 was 49,000 bbl. There were nine pipeline spills larger 
than the BMOP spill scenarios that occurred during 1968–2018, as shown in Table 33. Such large spills are 
unusual events. Out of the 11,317 pipeline spills of at least one bbl that occurred during 1968–2018, 0.08% 
(1 in 1,258) were of a volume equal to or larger than the smaller of the two hypothetical BMOP pipeline 
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spill scenarios (Neches River WCD of 24,885 bbl). Only two spills (0.018% or 1 in 5,659) in that time 
period were larger than the BMOP Sabine Lake WCD of 73,884 bbl. BMOP’s Bakken crude spill WCD 
scenario of 36,885 bbl and the CLB spill of 73,884 bbl are benchmarked against these spills in Figure 13. 

Table 33: Coastal/Inshore Pipeline Spills Larger than Hypothetical BMOP WCDs 

# Date Responsible Party State Oil Type Bbl 
Spilled Spill Cause 

1 8/3/1970 Sun Pipeline TX Crude 223,183 Other 
2 12/25/1983 Mid-Valley Pipeline OH Crude 110,000 Other 
3 9/4/1986 Phillips Pipe Line IN Gasoline 55,000 Not reported 
4 2/20/2006 Semcrude, L.P. OK Crude 49,000 Corrosion, internal 
5 8/3/1970 Humble Pipeline TX Crude 47,000 Other 
6 9/11/1973 Explorer Pipeline OK Fuel Oil 42,243 Incorrect operation by carrier  
7 6/14/1968 Phillips Pipeline KS Crude 41,000 Other 
8 3/3/1991 Lakehead Pipe Line MN Crude 40,500 Split in heat affect zone 
9 1/18/1974 Shell Pipeline LA Crude 40,000 Other 

 

 
Figure 13: Benchmarking of Hypothetical BMOP Coastal/Inshore Pipeline WCDs 
 
The expected frequency and chances of the hypothetical BMOP coastal/inshore pipeline spills are shown 
in Table 34 and Table 35 by segment. The results by time period are shown in Table 30 and Table 31. Note 
that since there was no historical data during the 2002–2018 time period for a spill of 85,884 bbl, the 
probability was derived from the 1968–2018 dataset, and the entire set of percentages was normalized to 
100%.
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Table 34: Expected Annual Frequency of Modeled Hypothetical BMOP Coastal/Inshore BMOP Pipeline Spills (Segmented) 

Modeled Scenario 
Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 
CS-3/CS-4 
Neches River WCD 
(24,885 bbl) 

8.25 x 10-6 2.12 x 10-6 3.09 x 10-5 7.20 x 10-5 1.24 x 10-5 1.65 x 10-6 8.76 x 10-5 9.09 x 10-5 3.21 x 10-5 3.39 x 10-4 

CS-1/CS-2 
Sabine Lake WCD 
(73,884 bbl) 

4.95 x 10-6 1.27 x 10-6 1.85 x 10-5 4.32 x 10-5 7.43 x 10-6 9.90 x 10-7 5.26 x 10-5 5.45 x 10-5 1.93 x 10-5 2.03 x 10-4 

 
Table 35: Annual Chances of Modeled Hypothetical BMOP Coastal/Inshore BMOP Pipeline Spills (Segmented) 

Modeled Scenario 
Expected Annual Frequency by Pipeline Segment 

CPI-1 CPI-2 CPI-3 CPI-4 CPI-5 CPI-6 CPI-7 CPI-8 CPI-9 Total 
CS-3/CS-4 
Neches River WCD 
(24,885 bbl) 

1 in 
120,000 

1 in 
470,000 

1 in 
32,368 

1 in 
14,000 

1 in 
81,000 

1 in 
610,000 

1 in 
11,000 

1 in 
11,000 

1 in 
31,000 1 in 3,000 

CS-1/CS-2 
Sabine Lake WCD 
(73,884 bbl) 

1 in 
200,000 

1 in 
780000 

1 in 
53,947 

1 in 
23,000 

1 in 
130,000 

1 in 
1 million 

1 in 
19,000 

1 in 
18,000 

1 in 
52,000 1 in 4,900 

 
Table 36: Expected Frequency Modeled Hypothetical BMOP Coastal/Inshore BMOP Pipeline Spills over Time 

Modeled Scenario 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3/CS-4 
Neches River WCD (24,885 bbl) 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 

CS-1/CS-2 
Sabine Lake WCD (73,884 bbl) 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 

 
Table 37: Chances Modeled Hypothetical BMOP Coastal/Inshore BMOP Pipeline Spills over Time 

Modeled Scenario 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3/CS-4 
Neches River WCD (24,885 bbl) 1 in 3,000 1 in 590 1 in 300 1 in 150 

CS-1/CS-2 
Sabine Lake WCD (73,884 bbl) 1 in 4,900 1 in 990 1 in 490 1 in 250 
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Chapter 3: BMOP Offshore Pipeline Spill Probability 
The spill probability analysis for the offshore pipeline components of the BMOP Project included: 

• An analysis of the expected frequency of spills based on the type of pipeline and mitigation 
measures in place; 

• An analysis of the probability distribution of expected release volumes in the event of a spill; and 
• An analysis of the expected frequency of the hypothetical modeled offshore pipeline spills. 

The offshore pipeline components of the BMOP project were analyzed separately from the coastal/inshore 
pipeline components, because the construction, operation, and exposure to potential spill factors differ 
considerably. Different historical data sets were employed in the respective analyses. 

Description of BMOP Offshore Pipeline Components 
The offshore pipeline components in the BMOP project extends from the shoreline of the Gulf of Mexico 
to the platforms and single-point mooring (SPM) infrastructure nearly 100 miles offshore (Figure 14). There 
are also pipelines extending from the platform to the pipeline end manifold (PLEM). The offshore pipeline 
components are described in Table 38. 

 
Figure 14: Offshore Components of BMOP Project 

  



 

47 Oil Spill Risk (Probability) Assessment for Blue Marlin Offshore Port (BMOP) Project 
  

The base design of the pipeline has a maximum 80,000 bbl/hour flow rate, or 1,333.33 bbl/minute and 700.8 
million bbl per year. With continuous operation at an 80,000-bbl/hour rate, the annual transport through the 
BMOP offshore pipeline would be 70.3 billion bbl-miles. The bbl-mile measurements for the pipeline 
sections are shown in Table 14. 

Table 38: Description of BMOP Offshore Pipeline Sections 

Section Description Diameter 
(in.) 

Wall Thickness 
(in.) 

Length 
(miles) 

Volume 
(bbl) 

OPI-1 Shore to WC148 Segment 1 (BSEE S-3507) 36 0.750 0.13 784 
OPI-2 Shore to WC148 Segment 2 (BSEE S-3507) 36 0.625 2.53 15,663 
OPI-3 Shore to WC148 Segment 3 (BSEE S-3507) 36 0.562 25.39 158,432 
OPI-4 Shore to WC148 Segment 4 (BSEE S-3507) 36 0.625 0.09 531 
OPI-5 Shore to WC148 Segment 5 (BSEE S-3507) 36 0.750 0.0006 3 
OPI-6 Shore to WC148 Segment 6 (BSEE S-3507) 36 0.812 0.03 152 
OPI-7 WC148 to WC509 Segment 1 (BSEE S-7358) 36 0.562 36.93 230,391 
OPI-8 WC148 to WC509 Segment 2 (BSEE S-7358) 36 0.625 25.33 156,917 
OPI-9 WC148 to WC509 Segment 3 (BSEE S-7358) 36 0.688 9.11 56,045 
OPI-10 Platform to PLEM 36 0.750 0.76 4,625 
Total    100.3006 623,543 

 
Table 39: Bbl-Miles for BMOP Coastal/Inshore Pipeline Sections 
Section Length (miles) Annual Bbl-Miles Billion Bbl-Miles15 
OPI-1 0.13 9.11 x 107 0.09110 
OPI-2 2.53 1.77 x 109 1.77302 
OPI-3 25.39 1.78 x 1010 17.79331 
OPI-4 0.09 6.31 x 107 0.06307 
OPI-5 0.0006 4.20 x 105 0.00042 
OPI-6 0.03 2.10 x 107 0.02102 
OPI-7 36.93 2.59 x 1010 25.88054 
OPI-8 25.33 1.78 x 1010 17.75126 
OPI-9 9.11 6.38 x 109 6.38429 
OPI-10 0.76 5.33 x 108 0.53261 
Total 100.3006 7.03 x 1010 70.29066 

General Trends in Offshore Pipeline Spills 
Data for offshore pipeline spills from the DOT PHMSA and the US Department of the Interior (DOI) 
Bureau of Safety and Environmental Enforcement (BSEE) (formerly Minerals Management Service, MMS) 
for the years 1968 through 2018 (the most complete data set available) were analyzed to determine general 
trends and to derive spillage rates to apply in the BMOP spill risk assessment. As with the data for 
coastal/inland pipeline spills, records for spills during the 1960s through 1980s, and even into the 1990s, 
do not contain as much information as those for more recent spills. In addition, older records generally 
focus on “larger” spills or ones that were otherwise noteworthy. 

 
15 Billion bbl-miles are shown as these are the values entered into the spill rate calculations. 
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In general, offshore pipeline spills occur much less frequently and with much lower volumes than 
coastal/inland pipeline spills. Average annual oil spillage by time period from pipelines connected to 
offshore platforms is shown in Table 40. The probability distribution of spill volumes for 2010–2018 is 
shown in Table 41. 

Table 40: Oil Spills from US Offshore Oil Pipelines 

Years Average Annual 
Number (≥1 bbl) 

Average Annual 
Volume (bbl)16 

Average Volume/Spill 
(bbl) 

Average Annual 1968–1972 4 3,105 1,528 
Average Annual 1973–1982 5 4,034 782 
Average Annual 1983–1992 3 3,804 1,130 
Average Annual 1993–2002 2 2,049 1,115 
Average Annual 2003–2012 6 1,119 310 
Average Annual 2013-2018 1.3 51 8.5 

 
Table 41: Distribution of Spill Volumes for Offshore Pipelines (2002–2018) 

Spill Volume Category Total Number Percent Total 
1–9 bbl 55 51.4% 
10–99 bbl 38 35.5% 
100–999 bbl 14 13.1% 

 
Analysis of Offshore Pipeline Spill Causes 
Offshore pipelines are subject to a number of potential conditions that may cause spillage. An analysis 
conducted on offshore pipeline spills for the years 1968–2012 indicated that the most common cause of 
offshore pipelines spills is some form of human error (incorrect operation), although these spills tended to 
be relatively small. External damage (often from dragging vessel anchors) and hurricanes (and associated 
mudslides) were less frequent but caused larger spill volumes. Average spill volumes decreased in the last 
decade (Table 42). 

Table 42: Causes of Oil Spills from US Offshore Oil Pipelines17 

Cause 
1968-2012 2003–2012 

Incidents Volume  Avg 
Vol. 

Incidents Volume  Avg
Vol. # %  #/yr Bbl % Bbl # %  #/yr Bbl % Bbl 

Equipment 6 4.7% 0.1 9,193 11.1% 1,532 5 7.8% 0.5 1,578 14.1% 316 
External 17 13.4% 0.4 53,437 64.5% 3,143 2 3.1% 0.2 882 7.9% 441 
Oper. Error 99 78.0% 2.2 1,464 1.8% 15 2 3.1% 0.2 198 1.8% 99 
Hurricane 5 3.9% 0.1 18,801 22.7% 3,760 55 85.9% 5.5 8,529 76.2% 155 
Total  127 100% 2.8 82,895 100% 653 64 100% 6.4 11,187 100% 175 

 

 
16 With the exception of one spill of 14 bbl of refined product in 2012, all spills are of crude oil. 
17 From Etkin 2014a. 
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PHMSA data for the years 2010–2018 that indicate the frequency of offshore pipeline spills by cause shown 
in Table 43. The total volume of offshore pipeline spillage in this time period was 313.09 bbl or 34.79 bbl 
per year. This equates to 0.0022 bbl spilled per billion-bbl miles. 

Table 43: Offshore Pipeline Spill Incidents by Cause Type (2010–2018) 

General Cause Category Cause Detail 

Incidents Volume 

Average 
Annual  

Average/ 
Billion-Bbl 
Transport18 

Average/ 
Incident 

(bbl) 

Maximum/ 
Incident 

(bbl) 
Corrosion External 0.11 6.97 x 10-6 1.5 1.5 
Excavation Damage Operator or Contractor 0.11 6.97 x 10-6 79.0 79.0 
Material/Weld/Equip Failure Other 0.11 6.97 x 10-6 1.4 1.4 
Incorrect Operation Other 0.11 6.97 x 10-6 2.0 2.0 

Natural Force Damage 
Earth Movement 0.11 6.97 x 10-6 220.0 220.0 
Heavy Rain/Floods 0.11 6.97 x 10-6 3.5 3.5 

Outside Force Damage Other 0.11 6.97 x 10-6 5.7 5.7 
Total  0.78 4.88 x 10-5 51.0 220.0 

Analysis of BMOP Offshore Pipeline Spill Probability 
The expected annual frequencies of offshore pipeline spills by cause for the BMOP project are shown in 
Table 44. The annual frequencies are broken out by pipeline segment (as described in Table 38). 

 
18 Offshore pipeline bbl-miles were estimated based on 589 million bbl/year production and 26,800 miles of pipeline 
(data from PHMSA), which equals 15,875,2 billion bbl-miles per year. No specific data on offshore pipeline bbl-miles 
was otherwise available. 
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Table 44: Expected Annual Frequency BMOP Offshore Pipeline Spills 
General Cause 

Category  
Expected Annual Frequency by Pipeline Segment 

OPI-1 OPI-2 OPI-3 OPI-4 OPI-5 OPI-6 OPI-7 OPI-8 OPI-9 OPI-10 Total 

Corrosion 6.35 x 10-7 1.24 x 10-5 1.24 x 10-4 4.40 x 10-7 2.93 x 10-9 1.47 x 10-7 1.80 x 10-4 1.24 x 10-4 4.45 x 10-5 3.71 x 10-6 4.90 x 10-4 

Excavation 
Damage 6.35 x 10-7 1.24 x 10-5 1.24 x 10-4 4.40 x 10-7 2.93 x 10-9 1.47 x 10-7 1.80 x 10-4 1.24 x 10-4 4.45 x 10-5 3.71 x 10-6 4.90 x 10-4 

Material/Weld/ 
Equip Fail 6.35 x 10-7 1.24 x 10-5 1.24 x 10-4 4.40 x 10-7 2.93 x 10-9 1.47 x 10-7 1.80 x 10-4 1.24 x 10-4 4.45 x 10-5 3.71 x 10-6 4.90 x 10-4 

Incorrect 
Operation 6.35 x 10-7 1.24 x 10-5 1.24 x 10-4 4.40 x 10-7 2.93 x 10-9 1.47 x 10-7 1.80 x 10-4 1.24 x 10-4 4.45 x 10-5 3.71 x 10-6 4.90 x 10-4 

Natural Force 
Damage 1.27 x 10-6 2.46 x 10-5 2.47 x 10-4 8.77 x 10-7 5.84 x 10-9 2.92 x 10-7 3.60 x 10-4 2.47 x 10-4 8.87 x 10-5 7.40 x 10-6 9.77 x 10-4 

Outside Force 
Damage 6.35 x 10-7 1.24 x 10-5 1.24 x 10-4 4.40 x 10-7 2.93 x 10-9 1.47 x 10-7 1.80 x 10-4 1.24 x 10-4 4.45 x 10-5 3.71 x 10-6 4.90 x 10-4 

Total 4.44 x 10-6 8.64 x 10-5 8.67 x 10-4 3.07 x 10-6 2.05 x 10-8 1.02 x 10-6 1.26 x 10-3 8.65 x 10-4 3.11 x 10-4 2.60 x 10-5 3.43 x 10-3 
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Probability Distribution of BMOP Offshore Pipeline Spill Volumes 
The expected annual frequencies of spills in Table 44 are for spills of any volume of at least one bbl, not 
necessarily a large spill or worst-case discharge. Based on a rate of 0.0022 bbl spilled per billion-bbl miles, 
the expected average annual spillage for the BMOP offshore pipeline by section is as shown in Table 45. 
Based on this analysis, the expected average total volume of spillage per year would be 0.15 bbl. In 20 
years of operation at the same capacity, the total volume of spillage would be, on average, 3.1 bbl. 

Table 45: Average Total Spillage Volume for BMOP Offshore Pipeline Spills 

Section 
Average Expected Spillage Volume (bbl) 

Per- Year In 5 Years In 10 Years In 20 Years 
OPI-1 0.000200 0.001002 0.002004 0.004008 
OPI-2 0.003901 0.019503 0.039006 0.078013 
OPI-3 0.039145 0.195726 0.391453 0.782906 
OPI-4 0.000139 0.000694 0.001388 0.002775 
OPI-5 0.000001 0.000005 0.000009 0.000018 
OPI-6 0.000046 0.000231 0.000462 0.000925 
OPI-7 0.056937 0.284686 0.569372 1.138744 
OPI-8 0.039053 0.195264 0.390528 0.781055 
OPI-9 0.014045 0.070227 0.140454 0.280909 

OPI-10 0.001172 0.005859 0.011717 0.023435 
Total 0.154639 0.773197 1.546395 3.092789 

 
The volumes in Table 45 are averages for all types of spill incidents. These average volumes include a 
broad range of volumes from one bbl or less to as much as 220 bbl based on historical data. The volume of 
oil that spills from a pipeline in any one incident depends on several factors: 

• The cause of the incident; 
• The degree of damage due to corrosion, outside force damage, or structural failure; 
• The flow rate and pressure of the oil flowing through the pipeline at the time of the incident; and 
• The duration of the flow (i.e., the time between when the oil release is first detected to the time that 

the flow is shut off to that segment of pipe and the oil remaining in the pipe flows out). 

Applying the historical probability distribution of spill volumes for 2010–2018 (as in Table 41) to the 
expected frequencies of pipeline spills from the BMOP coastal/inshore pipeline segments (Table 44), the 
expected frequency or annual probability of spills of different volumes was calculated, as shown in Table 
46. Since there were no historical data during the 2002–2018 time period for spills of greater than 1,000 
bbl, the probabilities for spills the size of the hypothetical BMOP scenarios were the 1968–2018 dataset, 
and the entire set of percentages was normalized to 100%. The same data are expressed in “chances” in 
Table 47. 

The expected frequencies and chances of offshore pipeline spills by years of operation are shown in Table 
48 and Table 49. 
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Table 46: Expected Annual Frequency BMOP Offshore Pipeline Spills (by Volume) 
Volume 

Category 
Expected Annual Frequency by Pipeline Segment 

OPI-1 OPI-2 OPI-3 OPI-4 OPI-5 OPI-6 OPI-7 OPI-8 OPI-9 OPI-10 Total 

1-9 bbl 2.15 x 10-6 4.18 x 10-5 4.19 x 10-4 1.49 x 10-6 9.90 x 10-9 4.95 x 10-7 6.10 x 10-4 4.18 x 10-4 1.50 x 10-4 1.26 x 10-5 1.66 x 10-3 

10-99 bbl 1.48 x 10-6 2.89 x 10-5 2.90 x 10-4 1.03 x 10-6 6.84 x 10-9 3.42 x 10-7 4.21 x 10-4 2.89 x 10-4 1.04 x 10-4 8.67 x 10-6 1.14 x 10-3 

100-999 bbl 5.47 x 10-7 1.07 x 10-5 1.07 x 10-4 3.79 x 10-7 2.52 x 10-9 1.26 x 10-7 1.55 x 10-4 1.07 x 10-4 3.84 x 10-5 3.20 x 10-6 4.22 x 10-4 

1,000-9,999 bbl 2.21 x 10-7 4.31 x 10-6 4.32 x 10-5 1.53 x 10-7 1.02 x 10-9 5.11 x 10-8 6.29 x 10-5 4.31 x 10-5 1.55 x 10-5 1.29 x 10-6 1.71 x 10-4 

10,000-9,9999 
bbl 3.34 x 10-8 6.50 x 10-7 6.53 x 10-6 2.31 x 10-8 1.54 x 10-10 7.71 x 10-9 9.50 x 10-6 6.51 x 10-6 2.34 x 10-6 1.95 x 10-7 2.58 x 10-5 

100,000 bbl or 
more 8.36 x 10-9 1.63 x 10-7 1.63 x 10-6 5.78 x 10-9 3.85 x 10-11 1.93 x 10-9 2.37 x 10-6 1.63 x 10-6 5.86 x 10-7 4.89 x 10-8 6.45 x 10-6 

Total 4.67 x 10-6 9.10 x 10-5 9.12 x 10-4 3.24 x 10-6 2.15 x 10-8 1.08 x 10-6 1.33 x 10-3 9.10 x 10-4 3.27 x 10-4 2.74 x 10-5 3.60 x 10-3 

 
Table 47: Expected Annual Chances of BMOP Offshore Pipeline Spills (by Volume) 

Volume 
Category 

Expected Annual Frequency by Pipeline Segment 
OPI-1 OPI-2 OPI-3 OPI-4 OPI-5 OPI-6 OPI-7 OPI-8 OPI-9 OPI-10 Total 

1-9 bbl  1 in 
470,000 

1 in 
24,000 

1 in 
2,400 

1 in 
670,000 

1 in 
100 million 

1 in 
2.0 million 

1 in 
1,600 

1 in 
2,400 

1 in 
6,600 

1 in 
80,000 

1 in 
600 

10-99 bbl 1 in 
670,000 

1 in 
35,000 

1 in 
3,500 

1 in 
970,000 

1 in 
150 million 

1 in 
2.9 million 

1 in 
2,400 

1 in 
3,500 

1 in 
9,600 

1 in 
120,000 

1 in 
870 

100-999 bbl 1 in 
1.8 million 

1 in 
94,000 

1 in 
9,400 

1 in 
2.6 million 

1 in 
400 million 

1 in 
7.9 million 

1 in 
6,400 

1 in 
9,400 

1 in 
26,000 

1 in 
310,000 

1 in 
2,400 

1,000-9,999 
bbl 

1 in 
4.5 million 

1 in 
230,000 

1 in 
23,000 

1 in 
6.5 million 

1 in 
980 million 

1 in 
20 million 

1 in 
16,000 

1 in 
23,000 

1 in 
64,000 

1 in 
770,000 

1 in 
5,900 

10,000-9,9999 
bbl 

1 in 
30 million 

1 in 
1.5 million 

1 in 
150,000 

1 in 
43 million 

1 in 
6.5 billion 

1 in 
130 million 

1 in 
110,000 

1 in 
150,000 

1 in 
430,000 

1 in 
5.1 million 

1 in 
39,000 

100,000 bbl or 
more 

1 in 
120 million 

1 in 
6.1 million 

1 in 
610,000 

1 in 
170 million 

1 in 
26 billion 

1 in 
520 million 

1 in 
420,000 

1 in 
610,000 

1 in 
1.7 million 

1 in 
20 million 

1 in 
160,000 

Total 1 in 
210,000 

1 in 
11,000 

1 in 
1,100 

1 in 
310,000 

1 in 
46 million 

1 in 
930,000 

1 in 
750 

1 in 
1,100 

1 in 
3,100 

1 in 
37,000 

1 in 
280 
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Table 48: Expected Frequency Offshore BMOP Pipeline Spills over Time 
Spill Volume 

Category 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1-9 bbl 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
10-99 bbl 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
100-999 bbl 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
1,000-9,999 bbl 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
10,000-9,9999 bbl 2.58 x 10-5 1.29 x 10-4 2.58 x 10-4 5.16 x 10-4 
≥100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
Total 3.60 x 10-3 1.80 x 10-2 3.60 x 10-2 7.20 x 10-2 

 
Table 49: Chances of Offshore BMOP Pipeline Spills over Time 

Spill Volume 
Category 

Expected Frequency of Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 600 1 in 120 1 in 60 1 in 30 
10-99 bbl 1 in 870 1 in 180 1 in 88 1 in 44 
100-999 bbl 1 in 2,400 1 in 470 1 in 240 1 in 120 
1,000-9,999 bbl 1 in 5,900 1 in 1,200 1 in 590 1 in 290 
10,000-9,9999 bbl 1 in 39,000 1 in 7,800 1 in 3,900 1 in 1,90 
≥100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,800 
Total 1 in 280 1 in 56 1 in 28 1 in 14 

Probability of Modeled Hypothetical BMOP Offshore Pipeline WCDs 
The greatest potential volume of spillage (i.e., the worst-case discharges, WCDs) calculated for the BMOP 
offshore pipeline is as shown Table 50 for the preferred WC509 option, and in Table 51 for the alternative 
WC433 option.  

Table 50: Hypothetical Modeled BMOP Offshore Pipeline Spills for Preferred WC509 
Scenario 

ID Spill Site Spill Event Oil 
Type19 

Total Spilled 
Volume Comments 

OS-9a 
WC44 
(WC509 
Option) 

Nearshore 
pipeline Bakken 619,161 bbl Total pipeline volume (~26,004,772 gal) 

OS-10a 
WC44 
(WC509 
Option) 

Nearshore 
pipeline CLB 619,161 bbl Total pipeline volume (~26,004,772 gal) 

OS-17 WC509 
Pipeline at 
DWP 
(at PLEM) 

Bakken 5,030 bbl 
Total volume in single platform to PLEM 
pipeline (~ 194,428 gal) + total volume in 
single riser (16,997 gal) 

OS-18 WC509 
Pipeline at 
DWP 
(at PLEM) 

CLB 5,030 bbl 
Total volume in single platform to PLEM 
pipeline (~ 194,428 gal) + total volume in 
single riser (16,997 gal) 

 
 

 
19 Bakken = Bakken crude; CLB = Cold Lake Blend (bitumen) 
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Table 51: Hypothetical Modeled BMOP Offshore Pipeline Spills for Alternative WC433 
Scenario 

ID Spill Site Spill Event Oil 
Type20 

Total Spilled 
Volume Comments 

OS-9 
WC44 
(WC433 
Option) 

Nearshore 
pipeline Bakken 513,448 bbl Total pipeline volume (~21,564,828 gal) 

OS-10 
WC44 
(WC433 
Option) 

Nearshore 
pipeline CLB 513,448 bbl Total pipeline volume (~21,564,828 gal) 

OS-7 WC433 
Pipeline at 
DWP  
(at PLEM) 

Bakken 4,960 bbl 
Total volume in single platform-PLEM 
pipeline (194,428 gal) total volume in single 
riser (14,083 gal) 

OS-8 WC433 
Pipeline at 
DWP  
(at PLEM) 

CLB 4,960 bbl 
Total volume in single platform-PLEM 
pipeline (194,428 gal) total volume in single 
riser (14,083 gal) 

 
All of these hypothetical spill scenarios are larger than the largest offshore pipeline spill that occurred in 
the last decade by one to three orders of magnitude. However, there were 14 offshore pipeline spills that 
occurred in earlier years that were larger than some of the hypothetical BMOP spills, as shown in Table 
52. 

Table 52: Offshore Pipeline Spills Larger than Hypothetical BMOP WCDs 
# Date Responsible Party OCS Block Oil Type Bbl  Spill Cause 
1 10/15/1967 Humble/Exxon WD 073 Crude 160,638 External force damage 
2 4/17/1974  - EI 0317 Crude 19,833 Vessel damage 
3 2/7/1988  - GA A0002 Crude 15,576 Vessel damage 
4 2/8/1988 Amoco   A-2 Galveston Crude 15,571 Vessel damage 
5 1/24/1990  - SS 0281 Condensate 14,423 Vessel damage 
6 9/29/1998  - SP 0038 Crude 8,212 Hurricane 
7 2/11/1969 Chevron MP 299 Crude 7,532 External force damage 
8 2/1/1969  -  - Crude 7,524 Vessel damage 
9 3/12/1968 Gulf/Chevron ST 131 Crude 6,000 External force damage 
10 12/11/1981 Shell  G1608 Crude 5,143 Vessel damage 
11 5/12/1973 Exxon   - Crude 5,000 Structural failure 
12 5/16/1997 Texaco  - Crude 5,000 Outside damage 
13 5/12/1998 Koch   - Crude 5,000 Structural failure 
14 1/21/1999 Chevron   - Crude 5,000 Structural failure 

 
The hypothetical BMOP spills are benchmarked against the historical spills in Figure 15. The four 
hypothetical nearshore pipeline spills with volumes of 513,448 bbl of Bakken or CLB, and 619,161 bbl of 
Bakken and CLB are 3.19 and 3.85 times the size of the largest offshore pipeline spill on record in the US. 
Spills from pipelines are very unlikely to reach these volumes because they would not likely flow for a long 
period of time without shut in. 

 
20 Bakken = Bakken crude; CLB = Cold Lake Blend (bitumen) 
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Figure 15: Benchmarking of Hypothetical BMOP Offshore Pipeline WCDs 
 
The expected frequencies and chances for different time periods of operation are shown in Table 53 and 
Table 54. The expected frequencies of the modeled hypothetical offshore pipeline spills for BMOP were 
calculated by segment as shown in Table 55. The same data are expressed in “chances” in Table 56. 

Table 53: Expected Frequency of Hypothetical Modeled Offshore BMOP Pipeline WCDs 

Scenario ID 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
OS-9/OS-10 513,448 bbl 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
OS-9a/OS-10a 619,161 bbl 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
OS-7/OS-8 4,960 bbl 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
OS-17/OS-18 5,030 bbl 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 

 
Table 54: Chances of Hypothetical Modeled Offshore BMOP Pipeline WCDs 

Scenario ID 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
OS-9/OS-10 513,448 bbl 1 in 2,400 1 in 470 1 in 240 1 in 120 
OS-9a/OS-10a 619,161 bbl 1 in 5,900 1 in 1,200 1 in 590 1 in 290 
OS-7/OS-8 4,960 bbl 1 in 600 1 in 120 1 in 60 1 in 30 
OS-17/OS-18 5,030 bbl 1 in 870 1 in 180 1 in 88 1 in 44 
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Table 55: Expected Annual Frequency of Hypothetical Modeled BMOP Offshore Pipeline Spills 

Scenario IDs 
Expected Annual Frequency by Pipeline Segment 

OPI-1 OPI-2 OPI-3 OPI-4 OPI-5 OPI-6 OPI-7 OPI-8 OPI-9 OPI-10 Total 
OS-9/OS-10 
513,448 bbl 8.44 x 10-9 1.64 x 10-7 1.65 x 10-6 5.84 x 10-9 3.89 x 10-11 1.95 x 10-9 2.40 x 10-6 1.64 x 10-6 5.91 x 10-7 4.93 x 10-8 6.51 x 10-6 

OS-9a/OS-10a 
619,161 bbl 8.44 x 10-9 1.64 x 10-7 1.65 x 10-6 5.84 x 10-9 3.89 x 10-11 1.95 x 10-9 2.40 x 10-6 1.64 x 10-6 5.91 x 10-7 4.93 x 10-8 6.51 x 10-6 

OS-7/OS-8 
4,960 bbl 2.22 x 10-7 4.31 x 10-6 4.33 x 10-5 1.53 x 10-7 1.02 x 10-9 5.11 x 10-8 6.30 x 10-5 4.32 x 10-5 1.55 x 10-5 1.30 x 10-6 1.71 x 10-4 

OS-17/OS-18 
5,030 bbl 2.22 x 10-7 4.31 x 10-6 4.33 x 10-5 1.53 x 10-7 1.02 x 10-9 5.11 x 10-8 6.30 x 10-5 4.32 x 10-5 1.55 x 10-5 1.30 x 10-6 1.71 x 10-4 

 
Table 56: Expected Annual Chances of Hypothetical Modeled BMOP Offshore Pipeline Spills 

Scenario IDs 
Expected Annual Frequency by Pipeline Segment 

OPI-1 OPI-2 OPI-3 OPI-4 OPI-5 OPI-6 OPI-7 OPI-8 OPI-9 OPI-10 Total 
OS-9/OS-10 
513,448 bbl 

1 in 
120 million 

1 in 
6.1 million 

1 in 
610,000 

1 in 
170 million 

1 in 
26 billion 

1 in 510 
million 

1 in 
420,000 

1 in 
610,000 

1 in 
1.7 million 

1 in 
20 million 

1 in 
150,000 

OS-9a/OS-10a 
619,161 bbl 

1 in 
120 million 

1 in 
6.1 million 

1 in 
610,000 

1 in 
170 million 

1 in 
26 billion 

1 in 510 
million 

1 in 
420,000 

1 in 
610,000 

1 in 
1.7 million 

1 in 
20 million 

1 in 
150,000 

OS-7/OS-8 
4,960 bbl 

1 in 
4.5 million 

1 in 
230,000 

1 in 
23,000 

1 in 
6.5 million 

1 in 
980 million 

1 in 
20 million 

1 in 
16,000 

1 in 
23,000 

1 in 
64,000 

1 in 
770,000 

1 in 
5,800 

OS-17/OS-18 
5,030 bbl 

1 in 
4.5 million 

1 in 
230,000 

1 in 
23,000 

1 in 
6.5 million 

1 in 
980 million 

1 in 
20 million 

1 in 
16,000 

1 in 
23,000 

1 in 
64,000 

1 in 
770,000 

1 in 
5,800 
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Chapter 4: BMOP Platform Spill Probability 
The conversion of the existing platform complex at WC509, the preferred location, or, alternatively, a new 
build platform at WC433, would include a number of pipes, risers, and storage tanks that could potentially 
spill oil into the environment. The components of the two platform options are described in Table 57. The 
components of the two alternatives have an oil capacity of 4,205 bbl and 3,789 bbl, respectively. 

Table 57: Components and Oil Contents of BMOP Platforms 

Facility 
Location Component 

Dimensions 
Oil Type Capacity (bbl) Length 

(mi) Wall Thickness (in) 

Preferred 
WC509 

Risers and Platform Pipes 0.23 0.75 Crude 1,405 
Crude Oil Surge Tank - - Crude 1,000 
Waste Oil Tank - - Waste oil 750 

Sump Tank - - Oily 
water 450 

Diesel Tank - - Diesel 600 
Total    4,205 

Alternative 
WC433 

Risers and Platform Pipes 0.16 0.75 Crude 989 
Crude Oil Surge Tank - - Crude 1,000 
Waste Oil Tank - - Waste oil 750 

Sump Tank - - Oily 
water 450 

Diesel Tank - - Diesel 600 
Total    3,789 

Analysis of BMOP Platform Spill Probability 
There is only one existing offshore oil port comparable to the proposed BMOP terminal that could be used 
to determine a potential spill probability. According to the operators of the Louisiana Offshore Oil Port 
(LOOP), there have been no major oil spills (2,381 bbl or more21) since its operations began in 1981. On 
average, less than 0.00000011 bbl of oil has spilled per million bbl transported through the facility.22 

Applying the LOOP rate of spillage to the 80,000 bbl/hour (700.8 million bbl/year) throughput anticipated 
for the BMOP project, the expected volumes of spillage for various time periods were calculated to be as 
shown in Table 58. The probabilities apply to either of the two platform locations (WC509 or WC433). 

Table 58: Average Total Spillage Volume for BMOP Platform Spills 
Time Period Per- Year In 5 Years In 10 Years In 20 Years 

Average Expected Spillage Volume (bbl) 7.71 x 10-5 3.85 x 10-4 7.71 x 10-4 1.54 x 10-3 
 
According to data from the US National Response Center (NRC), there was one single spill reported from 
the LOOP offshore terminal since 2001. The 2008 spill involved 200 bbl of crude oil. This equates to a 
probability of one spill in 18 years, or a rate of 0.056 per year, and an annual average volume of 11.1 bbl. 

 
21 According to the National Contingency Plan (NCP), a “major” oil spill is defined as one that involves a spillage of 
more than 100,000 gallons (2,381 bbl) in coastal (marine) waters (40 CFR§ 300.5).  
22 https://www.loopllc.com/Environmental-Awareness/Environment  

https://www.loopllc.com/Environmental-Awareness/Environment
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There were two smaller incidents of “sheen” reported that may have come from the LOOP offshore facility. 
Reports of sheen might involve 1 bbl or less of oil. If these sheen incidents are counted, the rate of spill 
numbers is 0.22 per year, and the volume rate is 11.2 bbl per year. 

With an estimated annual throughput of 342.9 million bbl at LOOP, 23 the rate of spill incidents during 
2002–2019 was 3.21 x 10-10 per bbl, or 0.32 per billion bbl. Based on the calculated LOOP spill frequency, 
the expected frequencies of BMOP platform spills were calculated as shown in Table 59. Each year, there 
is a 1 in 4.5 chance (22%) that there will be a spill of any size originating from the BMOP platform.  

Table 59: Average Total Spillage Number for BMOP Platform Spills 
Time Period Per- Year In 5 Years In 10 Years In 20 Years 

Average Expected Number (≥1 bbl) 0.22 1.12 2.25 4.50 

Probability Distribution of BMOP Platform Spill Volumes 
Applying the spill volume probability distribution from previous studies (Figure 16) adjusted to the BMOP 
platform capacities, the distribution of potential spill volumes was calculated to be as in Table 60. 

 
Figure 16: Distribution of Spill Volumes for Inland Facility Spills24 
 
Table 60: Estimated Probability Distribution of Spill Volumes for BMOP Platforms 

Spill Volume Spills/Year 
1–9 bbl 0.627 
10–99 bbl 0.238 
100–999 bbl 0.110 
1,000–5,000 bbl 0.024 

 
23 Calculated based on 12 billion bbl total throughput over 35 years (https://www.loopllc.com/Environmental-
Awareness/Environment) 
24 Based on an analysis of 41,068 facility spills (Etkin 2003a; Etkin 2003b; Etkin 2004; Etkin 2010a; Etkin 2010b). 
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https://www.loopllc.com/Environmental-Awareness/Environment
https://www.loopllc.com/Environmental-Awareness/Environment


 

59 Oil Spill Risk (Probability) Assessment for Blue Marlin Offshore Port (BMOP) Project 
  

The expected frequency of BMOP platform spills is shown in Table 61. The same data are expressed in 
“chances” in Table 62. Based on these calculations, it is likely that there would be at least one spill of less 
than 10 bbl from either of the BMOP platforms over the course of 20 years.  

Table 61: Expected Frequency of BMOP Platform Spills over Time 
Spill Volume 

Category 
Expected Frequency of Platform Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1-9 bbl 0.14 0.70 1.4 2.8 
10-99 bbl 0.052 0.26 0.52 1.1 
100-999 bbl 0.024 0.12 0.24 0.48 
1,000-5,000 bbl 0.0054 0.026 0.054 0.11 

 
Table 62: Chances of BMOP Platform Spills over Time 

Spill Volume 
Category 

Expected Chance of Platform Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 7.3 1 in 1.4 1 in 0.72 1 in 0.36 
10-99 bbl 1 in 19 1 in 3.9 1 in 1.92 1 in 0.94 
100-999 bbl 1 in 42 1 in 8.2 1 in 4.2 1 in 2.1 
1,000-5,000 bbl 1 in 190 1 in 38 1 in 19 1 in 9.3 

 
Probability of Modeled Hypothetical BMOP Platform WCDs 
There is no historical precedent for a 1,000 bbl spill from an offshore oil port like the hypothetical modeled 
1,000-bbl BMOP platform spills (Table 63). For the purposes of the probability analysis, the spills could 
occur either from the WC509 or WC433 platform locations. Whether the spills are of Bakken crude or CLB 
would depend on the type of oil being transported through BMOP at the time of the spill. 
 
Table 63: Hypothetical Modeled BMOP Platform Spills for WC509 and WC433 Options 

Scenario IDs Spill Site Spill Event Oil Type Total Spilled Volume 
OS-13/OS-14 WC509 Platform WCD Bakken/CLB 1,000 bbl 
OS-3/OS-4 WC433 Platform WCD Bakken/CLB 1,000 bbl 

 
Table 64: Expected Frequency of Modeled BMOP Platform Spills over Time 

Scenario IDs Spill Site 
Expected Frequency of Platform Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
OS-13/OS-14 WC509 0.0054 0.026 0.054 0.11 
OS-3/OS-4 WC433 0.0054 0.026 0.054 0.11 

 
Table 65: Chances of Modeled BMOP Platform Spills over Time 

Scenario 
IDs Spill Site 

Expected Chance of Platform Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

OS-13/OS-
14 WC509 1 in 190 1 in 38 1 in 19 1 in 9.3 

OS-3/OS-4 WC433 1 in 190 1 in 38 1 in 19 1 in 9.3 
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Chapter 5: BMOP Single-Point Mooring/Oil Transfer Spill Probability 
An oil spill can occur at a single point mooring (SPM) when one or both of the hoses connecting the pipeline 
end manifold (PLEM) to catenary anchor leg mooring (CALM) buoy breaks, or when the hose connecting 
the CALM buoy to the VLCC breaks. The components of the SPM system are show in Figure 17. 

 
Figure 17: Components of Single-Point Mooring (SPM)25 
 
Potential spills that occur from a platform-to-PLEM pipeline are considered in the pipeline spill analysis in 
Chapter 3. Spills that occur from the PLEM-to-buoy hose (between the PLEM and CALM buoy) are 
considered in this chapter (Chapter 5) as “SPM spills.” Spills that occur from the buoy to VLCC hose are 
also considered in this chapter as “oil transfer spills.” (See Figure 18.) 

Spills may also occur due to circumstances that can pull the tanker away from the SPM while connected to 
the CALM buoy (called “tanker breakout”) or otherwise cause structural damage to the components of the 
SPM, such as: 

• A tsunami or other exceptional surface wave event; 
• An exceptional wind behavior event; or 
• A soliton or subsurface wave event.26 

 
25 Diagram based on: https://www.marineinsight.com/offshore/how-single-point-mooring-spm-offshore-operation-
works/ (Image credit: riverlakesolutions.com) with labels added by ERC. 
26 https://www.gall-thomson.co.uk/risks-single-point-moorings/ 

https://www.marineinsight.com/offshore/how-single-point-mooring-spm-offshore-operation-works/
https://www.marineinsight.com/offshore/how-single-point-mooring-spm-offshore-operation-works/
https://www.gall-thomson.co.uk/risks-single-point-moorings/
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These events could cause damage to the PLEM to buoy hoses or their connections resulting in spillage. 

 
Figure 18: Categorization of Spill Types for Spill Probability Analysis 

 
Spills that may also occur when there is damage to one or more of the SPM components (PLEM, PLEM-
to-buoy hoses, or CALM buoy) due to: 

• A tanker alliding with the CALM buoy or PLEM-to-buoy hoses during maneuvering errors, failures 
of dock equipment, sudden squalls, wind shifts, storms, strong currents, or variable tides; or 

• Another large vessel alliding with the CALM buoy or PLEM-to-buoy hoses when underway and 
failing to avoid the SPM. 

A vessel alliding with the SPM or certain environmental conditions can result in the under-buoy hoses being 
pulled beyond their working capacity and rupturing to release oil. 

In addition, there may be structural failures to the buoy-to-VLCC hose or its connections or errors on the 
part of operators that occur during routine oil transfer procedures that may cause oil to be released. 

BMOP SPM Hose Setup and Oil Capacity 
The SPM hoses at the BMOP Deepwater Port (DWP) and their respective oil capacities are shown in Table 
66. Note that the BMOP DWP would be constructed with two SPMs that would be used alternately. The 
system is designed that only one VLCC can be loaded at a time, even though two could be moored to the 
two separate CALM buoys. Therefore, any spillage from the SPM hoses would generally only be from 
those at one SPM, with the other hoses shut off until the next oil loading operation. 
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Table 66: BMOP SPM Hose Capacities 

Hose 
Hose Number Length 

(ft) 
Diameter 

(in) 
Oil Capacity (bbl) 

Per SPM Total  Per Hose Per SPM Total 
PLEM to CALM Buoy 2 4 300 24 154 308 616 
CALM Buoy to VLCC 3 6 3,600 20 1,262 3,786 7,572 

Example Historical Spill Cases at SPMs 
In the US, there have been two incidents reported concerning spills at SPMs. In both cases, the incidents 
occurred at a SPM located offshore of Barbers Point, near Honolulu, Oahu, Hawaii. In the first incident, 
which occurred on 24 August 1998, there was a hose failure during the transfer of crude oil into the tanker 
Overseas New York.27 A total of 117 bbl of oil were spilled. In the second incident, which occurred on 2 
March 1989, the tanker Exxon Houston broke away from the SPM and ruptured the cargo transfer hose 
(i.e., the buoy-to-tanker hose), spilling 400 bbl. An additional 200 bbl spilled from the tanker when it 
grounded after breaking away and suffered hull damage. (The latter spillage would not be considered 
relevant to SPM spill risk itself)28 

Analysis of BMOP SPM Tanker Breakout-Related Spill Probability 
The breakout-related spill potential at the BMOP SPMs was analyzed based on the expected frequency of 
weather and hydrodynamic events that could potentially cause breakouts or structural damage to the SPM 
components. There are no specific historical data tracking spills due to tanker breakouts or SPM damage. 

Theoretically, hurricanes are one type of event that could cause damage to the SPM components. It is highly 
unlikely that a tanker would be connected to an SPM during or immediately preceding a hurricane. Since 
hurricanes are forecasted days to hours in advance, tanker and BMOP terminal operators would have 
sufficient warning that there may be, or actually are, hurricane-force winds and wave conditions that might 
cause dangerous conditions for oil transfer operations. These operations would be halted for the duration 
of the hurricane conditions. In addition, output from coastal terminals to pipelines (or from offshore 
production platforms to coastal terminals) would be shut or idled in advance of an impending hurricane or 
major storm as part of force majeure procedures and evacuations. 

There are reports of damage to large offshore oil platforms and other oil and gas infrastructure due to strong 
winds, especially during hurricanes.29 For example, there was damage to several offshore oil platforms in 
the Gulf of Mexico during hurricanes. During hurricanes Ivan, seven out of 3,400 platforms were damaged. 
Spillage occurred from the piping attached to one of the platforms. The experience in these and prior 
hurricane events has led to the development of effective evacuation and shut-in procedures, including the 
use of sub-surface safety valves on wells and pipelines. In addition, the use of better engineering designs 
to reduce damage has also been an important factor in reducing damages in hurricanes. Most of the toppled 
platforms were older vintage structures installed in the 1960s and 1970s when there was little or no guidance 
on platform design.30 

 
27 https://www.cerc.usgs.gov/orda_docs/CaseDetails?ID=911 
28 https://www.dco.uscg.mil/Portals/9/DCO%20Documents/5p/CG-5PC/INV/docs/boards/exxonhouston.pdf  
29 Liu et al. 2016. 
30 Energo Engineering 2005, 2007. 

https://www.cerc.usgs.gov/orda_docs/CaseDetails?ID=911
https://www.dco.uscg.mil/Portals/9/DCO%20Documents/5p/CG-5PC/INV/docs/boards/exxonhouston.pdf
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With the shut-down of operations and more structurally-secure designs, it is highly unlikely that spillage 
would occur from the BMOP SPMs due to hurricane damage. No significant damage was reported to LOOP 
components during Hurricane Katrina in 2005 (Category 5)31 or Hurricane Gustav in 2008 (Category 4).32 

Hurricane damage to offshore pipelines with spillage has occurred (see Table 42). These types of incidents 
would be covered under the offshore pipeline spill analysis in Chapter 3. 

While operators generally have advance warning of potential hurricanes or storms and can prepare 
accordingly, there are unpredicted wave and wind events (squalls) that could potentially cause damage to 
SPMs. There has been considerable research on the effects of squalls and waves on FPSOs turret mooring 
systems and SPMs which indicates that these events can cause tanker breakouts if proper precautions are 
not taken and these factors are not considered in the design, installation, and operation of these moorings.33 
A squall is defined as “wind event with a rapid increase in speed of 8 meters/second, m/s (15.6 knots), 
sustained above 11 m/s (21.4 knots) for at least one minute.” There are also sudden shifts in wind direction 
associated with a squall. In general, design criteria for SPMs should include structural integrity to withstand 
up to 100-year squalls, i.e., the wind and current squall conditions that would be expected to have a 100-
year return period or have an annual chance of 1%.34 

Data on squall conditions in the western Gulf of Mexico, where the BMOP terminal would be located, are 
shown in Table 67. The 100-year squall conditions are highlighted. On 3 April 2013, a wind event occurred 
that may have almost reached the 100-year squall in some locations in the western Gulf of Mexico.35 

Table 67: Squall Return Period for Gulf of Mexico36 

Return 
Period 

Surface 
Current 
(knots) 

Wind Speed Waves 

1-Hour (knots) 1-Minute (knots) Wave Height, Hs 
(feet) 

Wave Period, Tp 
(second) 

10 Years 2.0 50.0 60.6 27.2 12.6 
25 Years 2.4 61.0 75.5 32.8 13.7 
50 Years 2.6 68.6 86.2 36.9 14.3 
100 Years 2.9 76.0 96.5 39.4 14.5 
200 Years 3.1 82.7 106.3 43.0 14.9 
1,000 Years 3.6 94.9 124.7 49.4 15.9 

 
Assuming that the BMOP SPMs would be designed to withstand 100-year squalls, there would be a 1 in 
100 chance (0.01) per year that there would be conditions that might cause damage to one or both of the 
SPMs that would be associated with the BMOP platform (located at either WC433 or WC509). As an 
additional conservative assumption, the spill probability analysis assumed that both of the SPMs would be 
damaged, i.e., the PLEM-to-buoy hoses would be broken. However, since there would only be one set of 
hoses that would be filled with oil during a VLCC loading operation, it is assumed that oil would only spill 
from one set of hoses. Given oil volume being transported through the BMOP pipeline at maximum 

 
31 https://www.marketwatch.com/story/oil-industry-assesses-katrina-damage  
32 http://theoildrum.com/node/4479  
33 American Bureau of Shipping 2018; Wichers 2013; Cao et al. 2018. 
34 American Bureau of Shipping 2018. 
35 Jeans et al. 2014. 
36 API 2007; Wichers 2013. 

https://www.marketwatch.com/story/oil-industry-assesses-katrina-damage
http://theoildrum.com/node/4479
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capacity, there would nearly always be a VLCC that is loading at one of the two SPMs (see explanation in 
Chapter 5, Section Analysis of BMOP SPM Transfer Spill Probability), The second SPM would be on 
“standby” with the oil flow shut off at the PLEM until the loading was ready to begin on the next VLCC. 

Tanker breakouts or other damage to the PLEM-to-buoy and/or buoy-to-VLCC hoses were assumed to 
potentially occur under 100-year squall conditions. This is a conservative assumption, because with a water 
depth of over 150 feet, short-term squalls may not create a force deep enough to impact these structures. 

The amount of oil spilled in an SPM spill event would depend on the length of time taken to shut off the 
flow of oil. Since a squall would be an unexpected event that could not be planned for, unlike a predicted 
hurricane or storm, the shut-off time is assumed to be nine minutes, as assumed for the pipeline releases 
(Table 10). If the flow can be cut off at the PLEM, the volumes of oil released would be the amounts of oil 
in the various hoses with some additional oil that would flow from the platform-to-PLEM pipeline for the 
nine-minute duration. Based on the hypothetical spill scenarios for spillage from the platform-to-PLEM 
pipeline (Table 12), the flow rates would be 5,030 bbl/hour for WC509 and 4,960 bbl/hour for WC433. 

The estimated amounts of spillage for the SPM tanker breakout or squall damage scenarios are shown in 
Table 68. Note that there were no hypothetical spill cases modeled for SPM breakout or squall damage 
scenarios. The annual probability of these scenarios is 0.01. The expected frequencies of these types of 
incidents by years of operation are shown in Table 69. The spills would occur at either the preferred WC509 
location or the alternative WC433 location. The same data are shown as chances in Table 70. 

Table 68: Volume of BMOP Tanker Breakout and Squall Damage Spills 

Platform 
Option 

Platform-to-PLEM Total Hose Capacity (Single SPM) Total Volume 
(bbl) Flow Rate 

(bbl/hour) 
9-Minute 

Release (bbl) 
PLEM-to-Buoy 

(bbl) 
Buoy-to-VLCC 

(bbl) 
WC509 5,030 755 308 3,786 4,849 
WC433 4,960 744 308 3,786 4,838 

 
Table 69: Expected Frequency of BMOP Tanker Breakout and Squall Damage Spills 

Platform 
Option 

Spill Volume 
(bbl) 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

WC509 4,849 0.01 0.05 0.1 0.2 
WC433 4,838 0.01 0.05 0.1 0.2 

 
Table 70: Chances of BMOP Tanker Breakout and Squall Damage Spills 

Platform 
Option 

Spill Volume 
(bbl) 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

WC509 4,849 1 in 100 1 in 20 1 in 10 1 in 5 
WC433 4,838 1 in 100 1 in 20 1 in 10 1 in 5 

Analysis of BMOP SPM Vessel Allision-Related Spill Probability 
A second type of SPM breakout spill scenario is one in which the CALM buoy and/or its hoses are struck 
and damaged by an allision from a large vessel. An “allision” is similar to a “collision” except that one 
object or set of objects, in this case the CALM buoy and hoses, is stationary while the other is moving. In 
a collision both objects (vessels) are moving. A vessel allision could cause the hoses to be damaged, causing 
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the release of oil. The vessel may be a passing cargo vessel or tanker, or a VLCC tanker maneuvering at 
the BMOP SPM. 

The likelihood of such an event is dependent on the degree of exposure to vessels–both the VLCCs mooring 
at one of the BMOP SPMs and passing vessel traffic. The number of VLCC tankers mooring at the BMOP 
SPMs that could potentially allide with the CALM buoy or its hoses would be about 334 per year (see next 
section for an explanation of the estimation of the number of tankers). 

The passing vessel traffic was estimated based on analyses of vessel traffic data available from two websites 
that track port visits and Automatic Identification System (AIS) data for larger vessels.37 AIS data are 
collected by the US Coast Guard through onboard navigation systems that transmit and monitor the 
locations and characteristics of large vessels in SUS and international waters in real time. This allows 
operators of vessels to more safely navigate and prevent collision accidents. The aggregated AIS data for 
years past may be used to clearly identify the most-heavily traveled routes, determine the degree of traffic 
on various vessel traffic lanes, and the distribution of traffic across the lanes. 

When the BMOP DWP is in place, it will be marked on navigational charts, such as the one shown for the 
LOOP Platform in Figure 19 and have beacons and lighting to warn vessels of the location of all facilities.. 
This would mean that mariners would be aware of the presence of the BMOP platform, CALM buoy, and 
SPM locations and avoid them. 

 
Figure 19: LOOP Platform Designated on NOAA Navigational Chart 1134638 
 
The general locations of the WC509 and WC433 platforms are shown in Figure 20. The location of the 
WC433 platform and SPM are about one nautical mile outside from the edge of the Sabine Pass Safety 
Fairway. The WC509 location is about eight nautical miles from the edge of the Safety Fairway. According 
to 33 CFR §166, a shipping safety fairway or fairway is “a lane or corridor in which no artificial island or 
fixed structure, whether temporary or permanent, will be permitted. Fairways and anchorage areas as 

 
37 www.marinetraffic.com and http://marinecadastre.gov/ais  
38 Source: https://charts.noaa.gov/OnLineViewer/11346.shtml  

http://www.marinetraffic.com/
http://marinecadastre.gov/ais
https://charts.noaa.gov/OnLineViewer/11346.shtml
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described in this section are established to control the erection of structures therein to provide safe 
approaches through oil fields in the Gulf of Mexico to entrances to the major ports along the Gulf Coast.” 

 
Figure 20: WC433/WC509 Platform Locations Relative to Sabine Pass Safety Fairway39 
 

 
Figure 21: 2017 Western GOM Large Vessel Traffic with BMOP Location Shown40 
 

 
39 NOAA Navigational Chart 11330, page 21 (Scale 1:250,000). 
40 www.marinetraffic.com (Tanker and cargo vessel traffic only). 

http://www.marinetraffic.com/
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The large vessel traffic that currently transits near the two proposed BMOP locations is destined for and/or 
departing from several major ports in the western Gulf of Mexico (Figure 22). The estimated average annual 
transits in both directions near the BMOP locations is shown in Table 71. 
 

 
Figure 22: Tanker and Cargo Vessel Traffic Destinations and Departures41 
 
Table 71: Annual Tanker and Cargo Vessel Traffic Transiting Near BMOP Locations42 

Port 
Estimated Annual Two-Way Traffic in Traffic Lanes 

near BMOP Locations 
Cargo Vessels Tankers Total 

Port Arthur 1,929 3,806 5,736 
Beaumont 417 782 1,199 
Port Neches 834 2,659 3,494 
Atreco 104 0 104 
Sabine Pass 2,607 4,797 7,404 
Orange 52 0 52 
Cameron 521 1,981 2,503 
Lake Charles 365 939 1,304 
Galveston 1,408 730 2,138 
Texas City 156 1,095 1,251 
Houston 5,319 10,533 15,851 
Total 10,272 21,144 31,416 
Total Sabine Pass Fairway Only 6,831 14,965 21,796 

 
41 www.marinetraffic.com (Tanker and cargo vessel traffic only). 
42 Based on annualized data from April 2020 from www.marinetraffic.com. Only includes 50% of traffic heading to 
Galveston, Texas City, and Houston (with the rest assumed to transit on alternate approaches).  

http://www.marinetraffic.com/
http://www.marinetraffic.com/
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The majority of vessels heading into or departing from the various ports will take the safety fairways as 
vessel traffic lanes. Some vessels may be somewhat outside those lanes, however, as shown by the blue 
lines in Figure 21 and Figure 22. Previous studies and vessel traffic modeling have shown that vessels tend 
to be distributed in a Gaussian distribution around the sailing route. Those vessels that are on the outsides 
of the distributions are those that are candidates for collisions with other vessels traveling in the opposite 
direction or for allisions with stationary objects, such as the BMOP SPMs (Figure 23 and Figure 24). 

 
Figure 23: Geometrical Ship Distribution43 
 

 
Figure 24: Potential Allision Zone 
 
The operators of the vessels that might be in the eastern portion of the Sabine Pass Safety Fairway or vicinity 
would (or should) be aware of the presence of the BMOP platform and SPMs from navigational charting 
(such as in Figure 20). Nevertheless, there may be situations in which there are visibility restrictions (e.g., 
fog or darkness), human errors, or equipment failures on the vessel that may cause an “encounter.” An 
encounter is a situation in which the vessel comes in close enough range to a navigational hazard (or another 
vessel) that an evasive or corrective maneuver is required. That maneuver may or may not be effective in 
avoiding the allision. 

 
43 Christensen, Andersen, and Pedersen 2001 
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The sequence of events (fault tree) that would need to occur for a vessel allision with the BMOP SPMs is 
shown in Figure 25. Each of these steps has a probability associated with it. Those probabilities are 
multiplied together to determine the probability of the allision.44 The probabilities associated with each of 
the steps are shown in Table 72. 

 
Figure 25: Sequence of Events Leading to Vessel Allision with BMOP SPMs 
 
Table 72: Probabilities of Failures in Allision Sequence 

Probability Step Probability 
per Transit Source(s) 

Vessel out of Safety Fairway near 
WC433 0.028 Extrapolated from: Christensen, Andersen, and 

Pedersen 2001. 
Vessel out of Safety Fairway near 
WC509 0.01 Extrapolated from: Christensen, Andersen, and 

Pedersen 2001. 
Vessel does not “see” BMOP (Human 
Navigational Error) 0.0005 MacDuff 1974; Fowler and Sørgård 2000; Otto et al. 

2002; Rosqvist et al. 2002; Przywarty 2009a, 2009b. 

Vessel does not “see” BMOP (Visibility 
Issue) 0.000086 

Lewison 1980; DNV 2003; DNV 2011 (visibility 
effect = 0.00041); Buchholz et al. 2016 (visibility 
restriction in GOM = 0.21) 

Evasive Maneuver not Taken (Human 
Error) 0.000049 MacDuff 1974; Fowler and Sørgård 2000; Otto et al. 

2002; Rosqvist et al. 2002; Przywarty 2009a, 2009b. 
Evasive Maneuver Fails (Steering 
Failure) 0.0002 Fujii 1983; Macduff 1974; Pedersen 1995; Karlsson 

et al. 1998; Christensen et al. 2001. 
 
The expected number of allisions per vessel transit was calculated based on Equation 1: 

𝑁𝑁𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 = 𝑁𝑁𝑡𝑡𝑡𝑡𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑎𝑎 × 𝑃𝑃𝑎𝑎𝑜𝑜𝑡𝑡𝑎𝑎𝑎𝑎𝑜𝑜𝑜𝑜 × �𝑃𝑃𝑎𝑎𝑎𝑎𝑛𝑛𝑎𝑎𝑛𝑛 + 𝑃𝑃𝑛𝑛𝑎𝑎𝑎𝑎𝑎𝑎𝑣𝑣𝑎𝑎𝑎𝑎𝑎𝑎𝑡𝑡𝑦𝑦� × 𝑃𝑃ℎ𝑜𝑜𝑢𝑢𝑎𝑎𝑎𝑎 × 𝑃𝑃𝑎𝑎𝑡𝑡𝑜𝑜𝑜𝑜𝑡𝑡𝑎𝑎𝑎𝑎𝑛𝑛 

Equation 1 

 
44 In “or” situations, the probabilities are added. In “and” situations, the probabilities are multiplied. 
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With the vessel transits shown in Table 71, the expected frequencies of allisions and resultant spills were 
calculated as shown in Table 73. As a conservative assumption, vessel traffic for all the ports were included. 
A second conservative assumption was that an allision would, in fact, lead to a spill similar to the volumes 
calculated for tanker breakouts and squall damage (Table 68). Note that the values for the WC509 and 
WC433 locations differ because the former is closer to the Sabine Pass Safety Fairway. 

Table 73: Estimated Frequencies of Passing Vessel Allisions/Spills with BMOP SPMs 
BMOP 
SPM 

Location 

Spill 
Volume 

(bbl) 

Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

WC509 4,849 1.80 x 10-8 9.02 x 10-8 1.80 x 10-7 3.61 x 10-7 
WC433 4,838 5.05 x 10-8 2.53 x 10-7 5.05 x 10-7 1.01 x 10-6 

 
Supporting the results of the calculations of very low probabilities of vessel allisions and spills for the 
proposed BMOP SPM locations is the anecdotal evidence that the platform complex at WC509 has been in 
operation since the 1970s with no reported vessel allisions. With the predicted frequency of allisions with 
spills of 1.8 x 10-8 for one year at WC509, over 50 years the expected frequency would be 9.0 x 10-7, or 1 
in 1.1 million. With this expected frequency, there is a 0.9999991000004 probability that no allisions with 
spills would have occurred at WC509 in a 50-year time period. 

The other type of vessel allision that could conceivably cause a spill from the BMOP SPMs is one that 
involves a VLCC mooring at the SPM that allides with the CALM buoy or the CALM buoy-to-PLEM 
hoses. This may occur due to squalls or other environmental conditions, through the vessel operator’s error, 
or through a steering failure. The first situation was previously covered in the analysis of squalls. 

For the second and third situations, there are no specific studies addressing the likelihood of such an allision. 
However, as an approximation, Equation 1 was adapted by eliminating the probability of the vessels being 
outside the vessel traffic lane and applying the other probabilities to the number of VLCC loading 
operations. The assumption was that the likelihood of human error, steering failure, and failure to see the 
location of the CALM buoy might all reasonably apply to the docking situation for VLCC loading 
operations. The results are shown in Table 74. Note that the values for the WC509 and WC433 locations 
are the same. These values are likely overestimates in that during docking procedures, it is highly likely 
that the docking master would be under high alert. In addition, there would be two attendant tugs assisting 
during all VLCC loading operations. 

Table 74: Estimated Frequencies of Docking VLCC Allisions/Spills with BMOP SPMs 
BMOP 
SPM 

Location 

Spill 
Volume 

(bbl) 

Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred 
WC509 4,849 1.92 x 10-8 9.59 x 10-8 1.92 x 10-7 3.84 x 10-7 

Alternative 
WC433 4,838 1.92 x 10-8 9.59 x 10-8 1.92 x 10-7 3.84 x 10-7 
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Analysis of BMOP SPM Transfer Spill Probability 
Oil spills can occur due to errors or equipment failures during transfer operations to or from a vessel. These 
operations include taking on (loading) or unloading cargo oil at a terminal, such as would occur at one of 
the BMOP SPMs. 

With various transfer spill prevention regulations and improvements in safety practices at docksides and oil 
terminals, there has been a significant reduction in the rate of transfer spills from large vessels (over 300 
GRT). Between 1985 and 2004, there was a 96% reduction in the number of transfer-related spills in the 
US.45 These reductions have been particularly high in jurisdictions that have strict transfer regulations, 
including Washington State and California. 

A conservative46 estimate of transfer-related spills is a 0.0004 probability of a spill during every transfer 
operation, or one spill for every 2,500 transfer operations. With the implementation of strict standards to 
reduce spillage during transfer operations, the spillage rate may be reduced to about a 0.00026 probability 
of a spill during every transfer operation, or one spill every 3,850 transfer operations. Other studies have 
estimated an even lower spill rate of 0.00019 spills per crude oil transfer.47 The number of oil transfer 
operations for BMOP was estimated based on the total annual volume of oil transported through the BMOP 
pipeline to the platforms and SPMs (700.8 million bbl) divided by the cargo capacity of a typical very large 
crude carrier (VLCC) (2.1 million bbl), which totals 334 annual tanker visits and transfer operations. 
Applying the various spill rates to the BMOP project, the estimated number of oil spills were calculated as 
shown in Table 75. Depending on the assumed frequency rate, the annual number of spills was estimated 
to be 0.063 to 0.13 per year. The same data are expressed in “chances” in Table 77. 

These could be spills as small as one gallon (0.024 bbl). Generally, spills due to transfer errors are smaller 
than the spills that might occur with impact accidents (collisions, allisions, and groundings). The data shown 
in Table 77 are the spill volumes associated with a large number of oil transfer-related spills reported in US 
waters. The probabilities of spills of different volumes for oil transfer operations at the BMOP SPMs, 
assuming the average spill rate of 0.00028 spills/transfer, are shown in Table 79. 

Table 75: Estimated Numbers of Spills during Oil Transfers at BMOP SPMs 
Spill Frequency Rate 

Applied (Spills/Transfer) 
Expected Frequency of Oil Transfer Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
0.00040 0.13 0.67 1.3 2.7 
0.00026 0.087 0.43 0.87 1.7 
0.00019 0.063 0.32 0.64 1.3 
0.00028 (Average) 0.094 0.47 0.94 1.9 

 
  

 
45 Etkin 2006a. 
46 i.e., tending to overestimate the risk. 
47 Det Norske Veritas 2011. 
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Table 76: Chances of Spills during Oil Transfers at BMOP SPMs 
Spill Frequency Rate 

Applied (Spills/Transfer) 
Chances of Oil Transfer Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
0.00040  1 in 7.5 1 in 1.5 1 in 0.75 1 in 0.37 
0.00026 1 in 12 1 in 2.3 1 in 1.2 1 in 0.58 
0.00019 1 in 16 1 in 3.2 1 in 1.6 1 in 0.79 
0.00028 (Average) 1 in 11 1 in 2.1 1 in 1.1 1 in 0.53 

 
Table 77: Spill Volumes for Transfer-Related Incidents48 

Spill Volume Probability 
<1 bbl 0.72 
1–9 bbl 0.18 
10–99bbl 0.09 
100–999 bbl 0.009 
1,000–9,999 bbl 0.0009 
10,000 bbl + 0.0001 

 
Table 78: Expected Frequency of BMOP Oil Transfer-Related Incidents by Spill Volume 

Spill Volume 
<1 bbl 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

<1 bbl 0.08 0.34 0.68 1.4 
1–9 bbl 0.017 0.085 0.17 0.34 
10–99bbl 0.0085 0.042 0.085 0.17 
100–999 bbl 0.00085 0.0042 0.0085 0.017 
1,000–9,999 bbl 0.000085 0.00042 0.00085 0.0017 
10,000 bbl + 0.0000094 0.000047 0.000094 0.00019 

 
Table 79: Chances of BMOP Oil Transfer-Related Incidents by Spill Volume 

Spill Volume 
<1 bbl 

Chances of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

<1 bbl 1 in 15 1 in 3.0 1 in 1.5 1 in 0.74 
1–9 bbl 1 in 59 1 in 12 1 in 5.9 1 in 3.0 
10–99bbl 1 in 120 1 in 24 1 in 12 1 in 5.9 
100–999 bbl 1 in 1,200 1 in 240 1 in 120 1 in 59 
1,000–9,999 bbl 1 in 12,000 1 in 2,400 1 in 1,200 1 in 590 
10,000 bbl + 1 in 110,000 1 in 21,000 1 in 11,000 1 in 5,400 

 

 

  

 
48 Based on Etkin 2006a for US transfer-related spills. 
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Chapter 6: BMOP VLCC Spill Probability 
There would be about 334 visits by VLCCs at the BMOP SPMs each year. Each VLCC has a cargo capacity 
of about 2.1 million bbl of crude oil and a bunker fuel capacity of about 40,000 bbl. Spills could occur from 
empty VLCCs destined for BMOP and loaded VLCCs leaving the BMOP SPMs. Depending on the tanker 
condition, crude oil cargo and/or bunker fuel could potentially spill (Table 80). These spills could occur 
due to collisions, allisions, groundings, structural failures, equipment failures, or fires and explosions while 
the tankers are underway, anchoring, maneuvering in port, or docking port.  

Table 80: VLCC Spill Potential 
VLCC Condition Crude Oil Cargo Spill Potential Bunker Fuel Spill Potential 

Empty (Destined for BMOP) no yes 
Loaded (Leaving BMOP) yes yes 

 
For the purposes of the BMOP spill probability analysis, the type of spill considered was limited to 
collisions or allisions that might occur with VLCCs in the immediate vicinity of the BMOP SPMs. This 
was aimed at supporting the spill modeling for hypothetical VLCC bunker and cargo spills. Following the 
fate of the empty VLCCs destined for the BMOP SPMs or loaded VLCCs leaving the BMOP SPMs for any 
of hundreds of potential port destinations was considered to be outside the scope of the current analysis. 

Another vessel hitting a VLCC at or near the BMOP site would most likely be the only way in which the 
VLCC could have a worst-case discharge (WCD) of 2.1 million bbl (its entire cargo) or have a one-tank 
bunker fuel spill. The water is too deep in this location to have a tanker grounding. Structural failures, 
equipment failures, and fires do not generally lead to WCDs.49 While US Coast Guard regulations require 
vessel owners/operators to prepare Vessel Response Plans (VRPs) that cover a WCD of the entire cargo of 
a tanker, outflow modeling studies have shown that the largest potential spillage from a double-hulled 
tanker is about 50% of its cargo capacity.50 This is due to greater compartmentalization of the tanks and 
other design features in double-hulled tankers. 

Analysis of BMOP VLCC Cargo or Bunker Spill Probability 
The likelihood of a collision (or allision) with a VLCC that is in the vicinity of the BMOP SPMs, was 
calculated applying the similar method as that for the allision analysis in Chapter 5. The number of 
collisions that could occur was based on the numbers of other vessels that would potentially be in the 
vicinity the VLCCs at the BMOP SPMs. There would be a slightly higher chance at the WC433 location, 
which would be closer to the Sabine Pass Safety Fairway. 

With an estimated 334 VLCC loading operations per year and each loading operation taking nearly a full 
day, there would be a tanker at one of the SPMs 91.5% of the time. Therefore, 91.5% of the passing vessel 
traffic would potentially be candidates for collisions if the vessels were outside of the safety fairway. 

The potential numbers of collisions, though not necessarily spills, with VLCCs in the vicinity of the BMOP 
SPMs is shown in Table 81. Note that in over 40 years of operation of the platform complex at WC509, 
there have been no vessel strikes or collisions with the platforms. 

 
49 Based on Etkin and Michel 2003; Etkin 2001; Etkin 2002. 
50 Rawson et al. 1998; Yip et al. 2011b; NRC 1998; NRC 2001. 
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Table 81: Estimated Frequencies of VLCC Collisions near BMOP SPMs 
BMOP SPM 

Location 
Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred 
WC509 1.65 x 10-8 8.25 x 10-8 1.65 x 10-7 3.30 x 10-7 

Alternative 
WC433 4.62 x 10-8 2.31 x 10-7 4.62 x 10-7 9.24 x 10-7 

 
The probabilities of those collisions resulting in the release of oil (of any volume) for a double-hulled VLCC 
tanker is shown in Table 82. Note that these spills are not necessarily WCD volumes. Given these spill 
probabilities per collision (or allision), the expected spill frequencies were calculated as shown in Table 83. 
The same data are expressed in “chances” in Table 84. 

Table 82: Spill Probabilities with Tanker Collisions or Allisions 

Type of Spill Probability of Spill 
per Accident 

Cargo Spill (with Double-Hulled Cargo Tanks)51 0.15 
Bunker Spill (with Single-Hulled Bunker Tanks)52 0.05 
Bunker Spill (with Double-Hulled Bunker Tanks) 0.02 
Bunker Spill (Assuming 50% Single- and Double-Hulled Bunker Tanks in Fleet) 0.035 

 
Table 83: Estimated Frequencies of VLCC Collision-Related Spills near BMOP SPMs 

BMOP 
SPM 

Location 
Spill Type 

Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

Preferred 
WC509 

Cargo 2.48 x 10-9 1.24 x 10-8 2.48 x 10-8 4.95 x 10-8 
Bunker 5.78 x 10-10 2.89 x 10-9 5.78 x 10-9 1.16 x 10-8 

Alternative 
WC433 

Cargo 6.93 x 10-9 3.47 x 10-8 6.93 x 10-8 1.39 x 10-7 
Bunker 1.62 x 10-9 8.09 x 10-9 1.62 x 10-8 3.24 x 10-8 

 
Table 84: Chances of VLCC Collision-Related Spills near BMOP SPMs 

BMOP 
SPM 

Location 
Spill Type 

Chances by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

Preferred 
WC509 

Cargo 1 in 404 million 1 in 81 million 1 in 40 million 1 in 20 million 
Bunker 1 in 1.7 billion 1 in 346 million 1 in 173 million 1 in 87 million 

Alternative 
WC433 

Cargo 1 in 144 million 1 in 29 million 1 in 14 million 1 in 7.2 million 
Bunker 1 in 618 million 1 in 124 million 1 in 62 million 1 in 31 million 

Probability Distribution of BMOP VLCC Cargo Spill Volumes 
Outflow modeling has demonstrated that the volumes of outflows for the very largest incidents involving 
tankers and tank barges would be reduced by 50% with double hulls. The percentage oil outflow 
probabilities from tankers (Table 85) is based on international studies of the amount of oil actually spilled 

 
51 Yip et al. 2011; Rawson et al. 1998; NRC 1998; NRC 2001; IMO 1995; Etkin et al. 2002. (Since 2015, all tankers 
have double hulls on cargo tanks.) 
52 Etkin and Michel 2003; Michel and Winslow 1999, 2000; Barone et al. 2007; Herbert Engineering et al. 2003. 
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compared with the adjusted capacity of the vessel, which was verified by existing oil outflow models 
developed for the International Maritime Organization (IMO).53  

 Table 85: Oil Outflow Probability for Double-Hull Tankers in Impact Accidents 
% Cargo Outflow Probability 

0.002% 0.3589 
0.02% 0.1400 
0.05% 0.1200 
0.2% 0.1110 
0.7% 0.0900 
1.3% 0.0800 
3.1% 0.0700 
20% 0.0300 
50% 0.0001 

 
Based on the probabilities of VLCC-collision spills in Table 83 and the oil outflow probability distribution 
in Table 85, the expected frequencies for different sized cargo spills was calculated as shown in Table 86 
for the preferred WC509 location and in Table 87 for the alternative WC433 location. The same data are 
expressed in “chances” in Table 88 and Table 89. 

Table 86: Expected VLCC-Collision Cargo Spills at BMOP SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 8.89 x 10-10 4.44 x 10-9 8.89 x 10-9 1.78 x 10-8 
100 bbl 3.47 x 10-10 1.73 x 10-9 3.47 x 10-9 6.93 x 10-9 
1,000 bbl 2.86 x 10-10 1.43 x 10-9 2.86 x 10-9 5.72 x 10-9 
10,000 bbl 1.98 x 10-10 9.90 x 10-10 1.98 x 10-9 3.96 x 10-9 
100,000 bbl 7.43 x 10-11 3.71 x 10-10 7.43 x 10-10 1.49 x 10-9 
1 million bbl 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 

 
Table 87: Expected VLCC-Collision Cargo Spills at BMOP SPMs (Alternative WC433) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 2.49 x 10-9 1.24 x 10-8 2.49 x 10-8 4.98 x 10-8 
100 bbl 9.71 x 10-10 4.85 x 10-9 9.71 x 10-9 1.94 x 10-8 
1,000 bbl 8.01 x 10-10 4.00 x 10-9 8.01 x 10-9 1.60 x 10-8 
10,000 bbl 5.55 x 10-10 2.77 x 10-9 5.55 x 10-9 1.11 x 10-8 
100,000 bbl 2.08 x 10-10 1.04 x 10-9 2.08 x 10-9 4.16 x 10-9 
1 million bbl 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

 
 

 
53 Rawson et al. 1998; Yip et al. 2011b; NRC 1998; NRC 2001. 
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Table 88: Chances of VLCC-Collision Cargo Spills at BMOP SPMs (Preferred WC509) 

Spill Volume 
Chances of Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 1 in 1.1 billion 1 in 225 million 1 in 113 million 1 in 56 million 
100 bbl 1 in 2.9 billion 1 in 577 million 1 in 288 million 1 in 144 million 
1,000 bbl 1 in 3.5 billion 1 in 699 million 1 in 350 million 1 in 175 million 
10,000 bbl 1 in 5 billion 1 in 1 billion 1 in 505 million 1 in 252 million 
100,000 bbl 1 in 13 billion 1 in 2.7 billion 1 in 1.3 billion 1 in 673 million 
1 million bbl 1 in 4 trillion 1 in 807 billion 1 in 404 billion 1 in 202 billion 

  
Table 89: Chances of VLCC-Collision Cargo Spills at BMOP SPMs (Alternative WC433) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl  1 in 402 million 1 in 80 million 1 in 40 million 1 in 20 million 
100 bbl 1 in 1 billion 1 in 206 million 1 in 103 million 1 in 52 million 
1,000 bbl 1 in 1.2 billion 1 in 250 million 1 in 125 million 1 in 62 million 
10,000 bbl 1 in 1.8 billion 1 in 361 million 1 in 180 million 1 in 90 million 
100,000 bbl 1 in 4.8 billion 1 in 962 million 1 in 481 million 1 in 240 million 
1 million bbl 1 in 1.4 trillion 1 in 288 billion 1 in 144 billion 1 in 72 billion 

Probability Distribution of BMOP VLCC Bunker Spill Volumes 
The bunker outflow probabilities for impacts accidents are shown in Table 90. 

Table 90: Bunker Outflow Probability from All Vessel Impact Accidents54 
% Bunker Outflow  Probability  

0.01% 0.23 
0.03% 0.17 
0.15% 0.14 
1.6% 0.10 
4.3% 0.09 
10% 0.08 
16% 0.06 

33.3% 0.05 
59% 0.04 

100% 0.04 
 
Based on the probabilities of VLCC-collision bunker spills in Table 83 and the bunker outflow probability 
distribution in Table 90, the expected frequencies for different sized cargo spills was calculated as shown 
in Table 91 for the preferred WC509 location and in Table 92 for the alternative WC433 location. The same 
data are expressed in “chances” in Table 93 and Table 94. 

 
54 Etkin and Michel 2003; Etkin 2001; Etkin 2002; Herbert Engineering et al. 2003; Michel and Winslow 1999, 2002; 
Barone et al. 2007; Yip et al. 2011a. 
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Table 91: Expected VLCC-Collision Bunker Spills at BMOP SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1.33 x 10-10 6.64 x 10-10 1.33 x 10-9 2.66 x 10-9 
10 bbl 8.96 x 10-11 4.48 x 10-10 8.96 x 10-10 1.79 x 10-9 
100 bbl 5.78 x 10-11 2.89 x 10-10 5.78 x 10-10 1.16 x 10-9 
1,000 bbl 4.43 x 10-11 2.21 x 10-10 4.43 x 10-10 8.86 x 10-10 
10,000 bbl 2.50 x 10-11 1.25 x 10-10 2.50 x 10-10 5.01 x 10-10 

 
Table 92: Expected VLCC-Collision Bunker Spills at BMOP SPMs (WC433 Alternative) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 3.72 x 10-10 1.86 x 10-9 3.72 x 10-9 7.44 x 10-9 
10 bbl 2.51 x 10-10 1.25 x 10-9 2.51 x 10-9 5.02 x 10-9 
100 bbl 1.62 x 10-10 8.09 x 10-10 1.62 x 10-9 3.24 x 10-9 
1,000 bbl 1.24 x 10-10 6.20 x 10-10 1.24 x 10-9 2.48 x 10-9 
10,000 bbl 7.01 x 10-11 3.51 x 10-10 7.01 x 10-10 1.40 x 10-9 

 
Table 93: Chances of VLCC-Collision Bunker Spills at BMOP SPMs (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 7.5 billion 1 in 1.5 billion 1 in 753 million 1 in 376 million 
10 bbl 1 in 11.2 billion 1 in 2.2 billion 1 in 1.1 billion 1 in 558 million 
100 bbl 1 in 17 billion 1 in 3.5 billion 1 in 1.7 billion 1 in 865 million 
1,000 bbl 1 in 23 billion 1 in 4.5 billion 1 in 2.3 billion 1 in 1.1 billion 
10,000 bbl 1 in 40 billion 1 in 8 billion 1 in 4 billion 1 in 2 billion 

 
Table 94: Chances of VLCC-Collision Bunker Spills at BMOP SPMs (WC433 Alternative) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 2.7 billion 1 in 538 million 1 in 269 million 1 in 134 million 
10 bbl 1 in 4 billion 1 in 798 million 1 in 399 million 1 in 199 million 
100 bbl 1 in 6.2 billion 1 in 1.2 billion 1 in 618 million 1 in 309 million 
1,000 bbl 1 in 8.1 billion 1 in 1.6 billion 1 in 806 million 1 in 403 million 
10,000 bbl 1 in 14.3 billion 1 in 2.9 billion 1 in 1.4 billion 1 in 713 million 

Expected Frequencies of Modeled VLCC Spills 
The expected frequencies of the modeled hypothetical BMOP spill scenarios for VLCCs are shown in Table 
95. The same results are expressed in “chances” in Table 96. 
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Table 95: Expected Frequencies of Modeled Hypothetical VLCC Spill Scenarios 
Scenario 

ID(s) Site Spill 
Type 

Volume 
(bbl) 

Expected Frequency by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

OS-11/OS-12 Preferred 
WC509 

Cargo 2,100,000 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 
OS-15 Bunker 1,164 4.43 x 10-11 2.21 x 10-10 4.43 x 10-10 8.86 x 10-10 
OS-1/OS-2 Alternative 

WC433 
Cargo 2,100,000 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

OS-6 Bunker 1,164 1.24 x 10-10 6.20 x 10-10 1.24 x 10-9 2.48 x 10-9 
 
Table 96: Chances of Modeled Hypothetical VLCC Spill Scenarios 

Scenario 
ID(s) Site Spill 

Type 
Volume 

(bbl) 
Chances by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

OS-11/OS-12 Preferred 
WC509 

Cargo 2,100,000 1 in  
4 trillion 

1 in  
807 billion 

1 in  
404 billion 

1 in  
202 billion 

OS-15 Bunker 1,164 1 in  
23 billion 

1 in  
4.5 billion 

1 in  
2.3 billion 

1 in  
1.1 billion 

OS-1/OS-2 Alternative 
WC433 

Cargo 2,100,000 1 in  
1.4 trillion 

1 in  
288 billion 

1 in  
144 billion 

1 in  
72 billion 

OS-6 Bunker 1,164 1 in  
8.1 billion 

1 in  
1.6 billion 

1 in  
806 million 

1 in  
403 million 

 
The expected frequencies and chances of the hypothetical VLCC spill in Table 95 and Table 96 are specific 
to spills that might occur due to vessel allisions or collisions with VLCCs at the BMOP SPMs. The 
analytical results indicate very low expected frequencies or chances of these types of incidents. However, 
even with broader criteria for spill cause, the 2.1 million-bbl VLCC cargo spills are historically 
unprecedented. The largest tanker spills in or near US waters are shown in Table 97. The hypothetical 
BMOP VLCC spill is over eight times the size of the Exxon Valdez spill, and, therefore, highly unlikely. 

Table 97: Largest Tanker Spills in and near US Waters55 
Tanker Name Date Location Bbl 

Mandoil II 2/29/1968 Pacific Ocean, off Columbia River, Warrenton, OR 300,000 
Exxon Valdez 3/24/1989 Prince William Sound, Valdez, AK 261,905 
Burmah Agate 11/1/1979 Gulf of Mexico, off Galveston Bay, TX 254,762 
Pegasus (Pegasos) 2/8/1968 Northwest Atlantic Ocean off US east coast 228,500 
Texaco Oklahoma 3/26/1971 Northwest Atlantic Ocean off US east coast 225,000 
Keo 11/5/1969 Northwest Atlantic Ocean, SE of Nantucket Island, MA 209,524 
Argo Merchant 12/15/1976 Nantucket Shoals, off Nantucket Island, MA 183,333 
Spartan Lady 4/4/1975 Northwest Atlantic Ocean off US east coast 142,857 
Gulfstag 10/24/1966 Gulf of Mexico 133,000 
Mega Borg 6/9/1990 Gulf of Mexico, off Texas  119,048 
Gezina Brovig 1/31/1970 Caribbean Sea, N of San Juan, PR 112,000 
LSCO Petrochem 10/4/1976 Gulf of Mexico, off Louisiana 109,952 
Puerto Rican 10/31/1984 Pacific Ocean, Bodega Bay off San Francisco, CA 100,000 

 

 
55 Includes oil tanker spills that occurred in the US Exclusive Economic Zone (EEZ) or affected those waters. 
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Even on an international scale, the hypothetical BMOP VLCC spill (2.1 million bbl) is larger than any 
recorded tanker spill (Table 98). The BMOP VLCC spills was benchmarked against the 10 largest spills 
worldwide, as shown in Figure 26.  

Table 98: Ten Largest Accidental Oil Tanker Spills Worldwide56 
Tanker Name Year Location Bbl 

Atlantic Empress57 1979 Trinidad/Tobago and Barbados 2,004,476 
Castillo de Bellver 1983 South Africa 1,869,048 
Amoco Cadiz 1978 France 1,634,952 
Odyssey 1988 Canada 1,026,190 
Haven 1991 Italy 1,008,000 
Torrey Canyon 1967 United Kingdom 909,000 
Sea Star 1972 Oman 902,238 
Irenes Serenade 1980 Greece 871,429 
Texaco Denmark 1971 Belgium 750,000 
Independentza 1979 Turkey 687,786 

 

 
Figure 26: Benchmarking Hypothetical VLCC WCDs with Largest Tanker Spills Worldwide  

 
56 Source: ERC databases. Note that intentional tanker spills during military or terrorist operations are not included. 
57 The Atlantic Empress broke in two and sank in two different places. Near Trinidad/Tobago 1,016,672 bbl were on 
board when that section sank. The second section (under tow) sank near Barbados with 987,714 bbl on board. Whether 
all or even most of the oil spilled in unknown. 
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In comparing the hypothetical BMOP VLCC WCD scenarios to actual tanker spills worldwide, it is 
important to consider that the largest spills that have occurred were from a time period prior to double hulls 
and other spill mitigating measures and best operating practices that significantly reduced tanker spills 
worldwide in recent decades (Figure 27). 

 
Figure 27: Worldwide Tanker Spill Numbers (ITOPF Data)58 
 
The hypothetical VLCC bunker spill scenarios (1,164 bbl) is not unprecedented in the US or around the 
world. The most recent bunker spill of this magnitude in the US was the 2007 Cosco Busan spill of 1,275 
bbl in San Francisco Bay. That spill came from a container ship that allided with a bridge in fog.  

 
58 https://www.itopf.org/news-events/news/article/2018-tanker-oil-spill-statistics-number-of-spills-remains-low/  

https://www.itopf.org/news-events/news/article/2018-tanker-oil-spill-statistics-number-of-spills-remains-low/
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Chapter 7: BMOP Tugboat Spill Probability 
Each VLCC calling at the BMOP SPMs would be attended by two tugboats. These tugboats could also 
conceivably have a spill of bunker fuel–in this case, diesel fuel. As with the VLCC spills discussed in 
Chapter 6, the likelihood of a major diesel fuel spill from one of the attendant tugboats would come from a 
collision by a passing vessel, or possibly from the VLCC alliding with or colliding with one of the tugboats. 
For tugboats, the analysis was limited to spills that might occur in the vicinity of the BMOPS SPMs while 
the tugboats were attending to a VLCC. Scenarios of tugboat spills outside of this were not included. 

Analysis of BMOP Tugboat Diesel Fuel Spill Probability 
The probability of a tugboat being struck by a passing vessel was calculated in the same manner as for the 
VLCC collisions, except that there are two tugboats that could potentially be struck by the passing traffic. 
The expected frequency of collisions is shown in Table 99. The same data are expressed in “chances” in 
Table 100. 

Table 99: Estimated Frequencies of Tugboat Collisions near BMOP SPMs 
BMOP SPM 

Location 
Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred WC509 3.30 x 10-8 1.65 x 10-7 3.30 x 10-7 6.60 x 10-7 
Alternative WC433 9.24 x 10-8 4.62 x 10-7 9.24 x 10-7 1.85 x 10-6 

 
Table 100: Chances of Tugboat Collisions near BMOP SPMs 

BMOP SPM 
Location 

Chances by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

Preferred WC509 1 in 30 million 1 in 6.1 million 1 in 3 million 1 in 1.5 million 
Alternative WC433 1 in 11 million 1 in 2.1 million 1 in 1.1 million 1 in 541,000 

 
The probability that a collision with a tugboat would result in spillage is 0.05 per impact accident (Table 
82) since most tugboats do not have double-hulled bunker tanks.59 The probabilities of spillage from tugboat 
collisions was calculated as shown in Table 101. The same data are expressed in “chances” in 

Table 101: Estimated Frequencies of Tugboat Collision Spills near BMOP SPMs 
BMOP SPM 

Location 
Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred WC509 1.65 x 10-9 8.25 x 10-9 1.65 x 10-8 3.30 x 10-8 
Alternative WC433 4.62 x 10-9 2.31 x 10-8 4.62 x 10-8 9.24 x 10-8 

 
Table 102: Chances of Tugboat Collision Spills near BMOP SPMs 

BMOP SPM 
Location 

Chances by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

Preferred WC509 1 in 606 million 1 in 121 million 1 in 61 million 1 in 30 million 
Alternative WC433 1 in 216 million 1 in 43 million 1 in 22 million 1 in 11 million 

 

 
59 Etkin and Michel 2003; Michel and Winslow 1999, 2000; Barone et al. 2007; Herbert Engineering et al. 2003. 
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Probability Distribution of BMOP Tugboat Diesel Fuel Spill Volumes 
The potential volumes of the tugboat spills are based on the volume probability distribution in Table 90 
with a maximum volume of 2,555 bbl. The expected frequencies of tugboat collision spills are in Table 103 
and Table 104 for the preferred WC509 and alternative WC433 locations, respectively. The same data are 
expressed in “chances” in Table 105 and Table 106. 

Table 103: Expected Tugboat-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 2.97 x 10-10 1.49 x 10-9 2.97 x 10-9 5.94 x 10-9 
10 bbl 1.65 x 10-10 8.25 x 10-10 1.65 x 10-9 3.30 x 10-9 
100 bbl 1.16 x 10-10 5.78 x 10-10 1.16 x 10-9 2.31 x 10-9 
1,000 bbl 6.60 x 10-11 3.30 x 10-10 6.60 x 10-10 1.32 x 10-9 

 
Table 104: Expected Tugboat-Collision Bunker Spills at SPMs (Alternative WC433) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 8.32 x 10-10 4.16 x 10-9 8.32 x 10-9 1.66 x 10-8 
10 bbl 4.62 x 10-10 2.31 x 10-9 4.62 x 10-9 9.24 x 10-9 
100 bbl 3.24 x 10-10 1.62 x 10-9 3.24 x 10-9 6.47 x 10-9 
1,000 bbl 1.85 x 10-10 9.24 x 10-10 1.85 x 10-9 3.70 x 10-9 

 
Table 105: Chances of Tugboat-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 3.4 billion 1 in 673 million 1 in 337 million 1 in 168 million 
10 bbl 1 in 6.1 billion 1 in 1.2 billion 1 in 606 million 1 in 303 million 
100 bbl 1 in 8.7 billion 1 in 1.7 billion 1 in 865 million 1 in 433 million 
1,000 bbl 1 in 15 billion 1 in 3 billion 1 in 1.5 billion 1 in 757 million 

 
Table 106: Chances of Tugboat-Collision Bunker Spills at SPMs (Alternative WC433) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 1.2 billion 1 in 240 million 1 in 120 million 1 in 60 million 
10 bbl 1 in 2.2 billion 1 in 433 million 1 in 216 million 1 in 108 million 
100 bbl 1 in 3.1 billion 1 in 618 million 1 in 309 million 1 in 155 million 
1,000 bbl 1 in 5.4 billion 1 in 1.1 billion 1 in 541 million 1 in 270 million 
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Probability of Hypothetical Modeled BMOP Tugboat Spills 
The expected frequencies of the modeled hypothetical tugboat spills are shown in Table 107. The same 
data are expressed in “chances” in Table 108. 

Table 107: Expected Hypothetical Modeled Tugboat Spills at BMOP SPMs 

Scenario 
ID 

Spill 
Volume 

(bbl) 

Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
OS-15 
(WC509) 2, 555 6.60 x 10-11 3.30 x 10-10 6.60 x 10-10 1.32 x 10-9 

OS-5 
(WC433) 2, 555 1.85 x 10-10 9.24 x 10-10 1.85 x 10-9 3.70 x 10-9 

 
Table 108: Chances of Hypothetical Modeled Tugboat Spills at BMOP SPMs 

Scenario 
ID 

Spill 
Volume 

(bbl) 

Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
OS-15 
(WC509) 2, 555 1 in 15 billion 1 in 3 billion 1 in 1.5 billion 1 in 757 million 

OS-5 
(WC433) 2, 555 1 in 5.4 billion 1 in 1.1 billion 1 in 541 million 1 in 270 million 
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Chapter 8: BMOP Oil Spill Mitigation Measures 
Oil spill risk mitigation involves reducing the probability of an incident occurring. If a spill has occurred, 
mitigation may also encompass lessening the spill’s magnitude and severity by reducing the amount of oil 
released, by protecting sensitive resources, by cleaning and removing oil from the environment, and finally 
by restoring the affected environment and sensitive natural and socioeconomic resources (Figure 28). The 
most effective type of spill risk mitigation will always be prevention of the spill in the first place. If the spill 
is not prevented, the most effective way to reduce the impacts and effects is to reduce the amount of the oil 
release through source control. Beyond that, spill cleanup response operations will remove or disperse the 
oil in the environment to the degree feasible, which may reduce the impacts of the spill. Restoration of 
affected environments and resources may further mitigate the damages. 

 
Figure 28: Spill Risk Mitigation Steps 
 
Spill prevention and source control measures will differ depending on the spill source and cause. The 
appropriate types of cleanup response and restoration measures will depend on the location of the spill, type 
of environment, oil type and volume, and environmental conditions at the time of the spill and thereafter. 
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Risk Mitigation for BMOP Pipeline Spills 
Approaches to risk mitigation to reduce the likelihood of coastal/inshore, as well as offshore pipeline spills 
include: 

• Proper initial construction of pipelines and regular maintenance as required and appropriate; 
• Inclusion of shut-in valves at frequent locations along the pipeline to allow for rapid shutting in of 

pipelines when irregularities are detected, which reduces the amount of flow; 
• Regular inspection and monitoring to detect anomalies (e.g., pitting from corrosion); 
• Monitoring pipeline flow to detect irregular flow and other problems; 
• Reducing the likelihood of accidents or circumstances that may result in pipeline spills (e.g., 

reducing third-party or operator damage by construction equipment by proper signage and mapping 
of pipeline locations, or reducing human error by continued training and prevention of fatigue); and 

• Protecting pipelines from conditions that may cause structural failure, breakage, or corrosion. 

Risk mitigation strategies to reduce the severity of pipeline spills includes reducing the total amount of the 
oil release in the event that a pipeline breach occurs by rapidly shutting down the pipeline flow. This will 
reduce the severity of the incident. 

If oil does spill, controlling the spread of the oil will be key in mitigating impacts by: 

• Reducing the spread of oil with containment areas around vulnerable sections of coastal/inshore 
pipelines (particularly within facilities); and 

• Protecting sensitive resources with proper containment/diversion devices (booms) as per the 
geographic spill response plans. 

Another consideration for reducing the severity of spills and protecting sensitive resources is that the 
potential for significant environmental and socioeconomic damages can be reduced by avoiding locating 
pipelines in locations that are considered “high consequence areas.” 

Risk Mitigation for BMOP Offshore Platform and SPM Component Spills 
Preventing spills in the platform and SPM components of the BMOP would involve many of the same 
measures as for pipelines–proper initial construction and regular monitoring, inspection, and maintenance, 
as well as the reduction of human errors. 

For the offshore components, it is also vital that the locations of the BMOP platform and CALM buoy are 
properly marked on navigational charts and software to prevent accidental collisions and allisions with the 
structures themselves or with vessels that are in the vicinity of the SPMs. 

Spills at SPMs can also be reduced to some extent with the use of breakaway couplings. These couplings 
can prevent the rupture of hoses in the event that a tanker breakout occurs.  

Allisions of docking VLCCs with the SPM components can be significantly reduced by the use of tugboats 
to guide the movement of the vessel during the docking operations. This is already part of the BMOP 
proposal. 
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Oil transfer operations can be made significantly safer by following safety standards and best practices that 
have been shown to reduce human error, equipment malfunctions, and structural failures associated with 
these operations.60 

Risk Mitigation for Spills from Vessels at BMOP 
The greatest risk of a large release from one of the vessels at the BMOP SPM–i.e., VLCCs and their 
attendant tugboats–is from collisions by passing vessels. Collisions can largely be prevented by consistent 
and proper communication between vessels through the Automated Information System (AIS) and 
following navigational guidelines and the reduction of human error through training and fatigue prevention. 
Proper maintenance of vessel steering systems would prevent steering failures. 

In the event that a vessel collision does occur, prompt notification of US Coast Guard authorities and 
implementation of the vessel’s Salvage and Marine Firefighting (SMFF) plan within the Vessel Response 
Plan (VRP) will be essential (and required) strategies for human health and safety concerns and source 
control (stabilizing the vessel and reducing the amount of oil that escapes into the environment). 

Spill Prevention Effects on BMOP Spill Probabilities 
The calculations of oil spill probabilities for the proposed Blue Marlin Offshore Port (BMOP) in Chapters 
2–7 are largely based on historical data–i.e., what has happened in the past–with some adjustments for more 
recent developments in spill prevention (e.g., double hulls on tankers). The data capture the likelihood of 
human error and other factors that may cause a spill to occur. 

However, the actual performance of BMOP will depend on the degree to which the BMOP operators follow 
best practices to prevent and otherwise mitigate spills. This includes incorporation of any new technologies 
and practices that may be introduced as voluntary or regulatory measures in the future. 

Risk Mitigation Through Spill Preparedness and Response 
Once oil has spilled, prompt and effective response operations, including containment, oil recovery, and 
protection of sensitive resources will reduce the potential consequences of a spill. Contingency planning 
for spill response and preparedness are vital for reducing the effects of spills that do occur. Area 
Contingency Plans (ACPs) contain information about spill response resources, authorities and entities 
involved in response, and recommended response strategies for the conditions in the Gulf of Mexico. 

For the BMOP location, the relevant ACP is the Southeast Texas and Southwest Louisiana Area 
Contingency Plan of the Marine Safety Unit in Port Arthur, Texas. It was most recently reviewed and 
updated in May 2018. In the event of a larger spill in which oil is likely to affect more eastern portions of 
Louisiana, the South-Central Louisiana Area Contingency Plan (August 2018) would also likely be 
activated. 

The Geographic Response Plans (GRPs) (Figure 29) contained within each ACP provide specific 
information on strategies for the protection of sensitive coastal resources. 

As an offshore facility operator (with coastal/inshore components), BMOP would be required to develop 
and submit an Oil Spill Response Plan (OSRP) to the US Coast Guard, Pipeline and Hazardous Material 

 
60 Etkin 2006a; Etkin et al. 2007. 
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Administration (PHMSA) Office of Pipeline Safety, the Bureau of Safety and Environmental Enforcement, 
and state agencies. Regular spill exercises and training will increase BMOP’s ability to work effectively 
with the US Coast Guard and state response officials to mitigate the damages in the event that a spill does 
occur. 

 
Figure 29: Geographic Response Plan Map for Marine Safety Unit Port Arthur 
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Chapter 9: Summary of BMOP Oil Spill Probabilities 
The expected frequencies of various types of oil spills that might potentially occur with the various 
components of the Blue Marlin Offshore Port (BMOP) were analyzed by spill volume and years of 
operation: 

• Coastal/inshore pipeline; 
• Offshore pipeline; 
• Platform; 
• Single-point moorings (SPMs); 
• Oil transfer operations at the SPMs; 
• VLCC collisions at SPM; and 
• Tugboat collisions at SPM. 

In addition, expected frequencies of the specific modeled hypothetical BMOP spill scenarios were analyzed. 

Spill Probability for BMOP Coastal/Inshore Components 
The expected frequencies and chances of the potential spills of different types from the coastal/inshore 
pipeline components of the BMOP Project are summarized in Table 109 and Table 110. 

Table 109: Expected Frequency Coastal/Inshore BMOP Pipeline Spills over Time 
Spill Volume 

Category 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1-9 bbl 5.70 x 10-1 2.8 5.7 11 
10-99 bbl 3.30 x 10-1 1.6 3.3 6.6 
100-999 bbl 1.80 x 10-1 8.80 x 10-1 1.8 3.5 
1,000-9,999 bbl 5.20 x 10-2 2.60 x 10-1 5.20 x 10-1 1.0 
10,000-31,000 bbl 4.00 x 10-3 2.00 x 10-2 4.00 x 10-2 8.00 x 10-2 

 
Table 110: Chances of Coastal/Inshore BMOP Pipeline Spills over Time 

Spill Volume 
Category 

Expected Frequency of Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 2 1 in 0.4 1 in 0.2 1 in 0.1 
10-99 bbl 1 in 3 1 in 0.6 1 in 0.3 1 in 0.2 
100-999 bbl 1 in 6 1 in 1.1 1 in 0.6 1 in 0.3 
1,000-9,999 bbl 1 in 19 1 in 3.9 1 in 1.9 1 in 1.0 
10,000-31,000 bbl 1 in 250 1 in 51 1 in 25 1 in 13 

Spill Probability for BMOP Offshore Components 
The expected frequencies and chances of the potential spills of different types from the Blue Marlin 
Offshore Port (BMOP) are summarized in Table 111 through Table 120 for the offshore portions of the 
BMOP Project. 
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Table 111: Expected Frequency Offshore BMOP Pipeline Spills over Time 
Spill Volume 

Category 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1-9 bbl 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
10-99 bbl 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
100-999 bbl 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
1,000-9,999 bbl 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
10,000-9,9999 bbl 2.58 x 10-5 1.29 x 10-4 2.58 x 10-4 5.16 x 10-4 
≥100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
Total 3.60 x 10-3 1.80 x 10-2 3.60 x 10-2 7.20 x 10-2 

 
Table 112: Chances of Offshore BMOP Pipeline Spills over Time 

Spill Volume 
Category 

Expected Frequency of Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 600 1 in 120 1 in 60 1 in 30 
10-99 bbl 1 in 870 1 in 180 1 in 88 1 in 44 
100-999 bbl 1 in 2,400 1 in 470 1 in 240 1 in 120 
1,000-9,999 bbl 1 in 5,900 1 in 1,200 1 in 590 1 in 290 
10,000-9,9999 bbl 1 in 39,000 1 in 7,800 1 in 3,900 1 in 1,90 
≥100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,800 
Total 1 in 280 1 in 56 1 in 28 1 in 14 

 
Table 113: Expected Frequency of BMOP Platform Spills over Time 

Spill Volume 
Category 

Expected Frequency of Platform Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1.40 x 10-1 7.00 x 10-1 1.4 2.8 
10-99 bbl 5.20 x 10-2 2.60 x 10-1 5.20 x 10-1 1.1 
100-999 bbl 2.40 x 10-2 1.20 x 10-1 2.40 x 10-1 4.80 x 10-1 
1,000-5,000 bbl 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 

 
Table 114: Chances of BMOP Platform Spills over Time 

Spill Volume 
Category 

Expected Chance of Platform Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

1-9 bbl 1 in 7.3 1 in 1.4 1 in 0.72 1 in 0.36 
10-99 bbl 1 in 19 1 in 3.9 1 in 1.92 1 in 0.94 
100-999 bbl 1 in 42 1 in 8.2 1 in 4.2 1 in 2.1 
1,000-5,000 bbl 1 in 190 1 in 38 1 in 19 1 in 9.3 

 
Table 115: Expected Frequency of BMOP Tanker Breakout and Squall Damage Spills 

Platform Option Spill Volume 
(bbl) 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

Preferred WC509 4,849 1.00 x 10-2 5.00 x 10-2 1.00 x 10-1 2.00 x 10-1 
Alternative WC433 4,838 1.00 x 10-2 5.00 x 10-2 1.00 x 10-1 2.00 x 10-1 
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Table 116: Chances of BMOP Tanker Breakout and Squall Damage Spills 

Platform Option Spill Volume 
(bbl) 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

Preferred WC509 4,849 1 in 100 1 in 20 1 in 10 1 in 5 
Alternative WC433 4,838 1 in 100 1 in 20 1 in 10 1 in 5 

 
Table 117: Estimated Frequencies of Passing Vessel Allisions/Spills with BMOP SPMs 

BMOP 
SPM 

Location 

Spill 
Volume 

(bbl) 

Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred 
WC509 4,849 1.80 x 10-8 9.02 x 10-8 1.80 x 10-7 3.61 x 10-7 

Alternative 
WC433 4,838 5.05 x 10-8 2.53 x 10-7 5.05 x 10-7 1.01 x 10-6 

 
Table 118: Estimated Frequencies of Docking VLCC Allisions/Spills with BMOP SPMs 

BMOP 
SPM 

Location 

Spill 
Volume 

(bbl) 

Expected Frequency by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
Preferred 
WC509 4,849 1.92 x 10-8 9.59 x 10-8 1.92 x 10-7 3.84 x 10-7 

Alternative 
WC433 4,838 1.92 x 10-8 9.59 x 10-8 1.92 x 10-7 3.84 x 10-7 

 
Table 119: Expected Frequency of BMOP Oil Transfer-Related Incidents by Volume 

Spill Volume 
<1 bbl 

Expected Frequency of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

<1 bbl 8.00 x 10-2 3.40 x 10-1 6.80 x 10-1 1.4 
1–9 bbl 1.70 x 10-2 8.50 x 10-2 1.70 x 10-1 3.40 x 10-1 
10–99bbl 8.50 x 10-3 4.20 x 10-2 8.50 x 10-2 1.70 x 10-1 
100–999 bbl 8.50 x 10-4 4.20 x 10-3 8.50 x 10-3 1.70 x 10-2 
1,000–9,999 bbl 8.50 x 10-5 4.20 x 10-4 8.50 x 10-4 1.70 x 10-3 
10,000 bbl + 9.40 x 10-6 4.70 x 10-5 9.40 x 10-5 1.90 x 10-4 

 
Table 120: Chances of BMOP Oil Transfer-Related Incidents by Volume 

Spill Volume 
<1 bbl 

Chances of Oil Transfer Spills by Years of Operation 
1 Year 5 Years 10 Years 20 Years 

<1 bbl 1 in 15 1 in 3.0 1 in 1.5 1 in 0.74 
1–9 bbl 1 in 59 1 in 12 1 in 5.9 1 in 3.0 
10–99bbl 1 in 120 1 in 24 1 in 12 1 in 5.9 
100–999 bbl 1 in 1,200 1 in 240 1 in 120 1 in 59 
1,000–9,999 bbl 1 in 12,000 1 in 2,400 1 in 1,200 1 in 590 
10,000 bbl + 1 in 110,000 1 in 21,000 1 in 11,000 1 in 5,400 
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Spill Probability for BMOP Vessel Components 
The expected frequencies and chances of spills from VLCCs and tugboats associated with the BMOP 
Project are in Table 121–Table 132. Vessel spills were limited to due to collisions from passing vessels. 

Table 121: Expected VLCC-Collision Cargo Spills at SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 8.89 x 10-10 4.44 x 10-9 8.89 x 10-9 1.78 x 10-8 
100 bbl 3.47 x 10-10 1.73 x 10-9 3.47 x 10-9 6.93 x 10-9 
1,000 bbl 2.86 x 10-10 1.43 x 10-9 2.86 x 10-9 5.72 x 10-9 
10,000 bbl 1.98 x 10-10 9.90 x 10-10 1.98 x 10-9 3.96 x 10-9 
100,000 bbl 7.43 x 10-11 3.71 x 10-10 7.43 x 10-10 1.49 x 10-9 
1 million bbl 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 

 
Table 122: Expected VLCC-Collision Cargo Spills at SPMs (WC433 Alternative) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 2.49 x 10-9 1.24 x 10-8 2.49 x 10-8 4.98 x 10-8 
100 bbl 9.71 x 10-10 4.85 x 10-9 9.71 x 10-9 1.94 x 10-8 
1,000 bbl 8.01 x 10-10 4.00 x 10-9 8.01 x 10-9 1.60 x 10-8 
10,000 bbl 5.55 x 10-10 2.77 x 10-9 5.55 x 10-9 1.11 x 10-8 
100,000 bbl 2.08 x 10-10 1.04 x 10-9 2.08 x 10-9 4.16 x 10-9 
1 million bbl 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

 
Table 123: Chances of VLCC-Collision Cargo Spills at SPMs (Preferred WC509) 

Spill Volume 
Chances of Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl 1 in 1.1 billion 1 in 225 million 1 in 113 million 1 in 56 million 
100 bbl 1 in 2.9 billion 1 in 577 million 1 in 288 million 1 in 144 million 
1,000 bbl 1 in 3.5 billion 1 in 699 million 1 in 350 million 1 in 175 million 
10,000 bbl 1 in 5 billion 1 in 1 billion 1 in 505 million 1 in 252 million 
100,000 bbl 1 in 13 billion 1 in 2.7 billion 1 in 1.3 billion 1 in 673 million 
1 million bbl 1 in 4 trillion 1 in 807 billion 1 in 404 billion 1 in 202 billion 

 
Table 124: Chances of VLCC-Collision Cargo Spills at SPMs (WC433 Alternative) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
10 bbl  1 in 402 million 1 in 80 million 1 in 40 million 1 in 20 million 
100 bbl 1 in 1 billion 1 in 206 million 1 in 103 million 1 in 52 million 
1,000 bbl 1 in 1.2 billion 1 in 250 million 1 in 125 million 1 in 62 million 
10,000 bbl 1 in 1.8 billion 1 in 361 million 1 in 180 million 1 in 90 million 
100,000 bbl 1 in 4.8 billion 1 in 962 million 1 in 481 million 1 in 240 million 
1 million bbl 1 in 1.4 trillion 1 in 288 billion 1 in 144 billion 1 in 72 billion 
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Table 125: Expected VLCC-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1.33 x 10-10 6.64 x 10-10 1.33 x 10-9 2.66 x 10-9 
10 bbl 8.96 x 10-11 4.48 x 10-10 8.96 x 10-10 1.79 x 10-9 
100 bbl 5.78 x 10-11 2.89 x 10-10 5.78 x 10-10 1.16 x 10-9 
1,000 bbl 4.43 x 10-11 2.21 x 10-10 4.43 x 10-10 8.86 x 10-10 
10,000 bbl 2.50 x 10-11 1.25 x 10-10 2.50 x 10-10 5.01 x 10-10 

 
Table 126: Expected VLCC-Collision Bunker Spills at SPMs (WC433 Alternative) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 3.72 x 10-10 1.86 x 10-9 3.72 x 10-9 7.44 x 10-9 
10 bbl 2.51 x 10-10 1.25 x 10-9 2.51 x 10-9 5.02 x 10-9 
100 bbl 1.62 x 10-10 8.09 x 10-10 1.62 x 10-9 3.24 x 10-9 
1,000 bbl 1.24 x 10-10 6.20 x 10-10 1.24 x 10-9 2.48 x 10-9 
10,000 bbl 7.01 x 10-11 3.51 x 10-10 7.01 x 10-10 1.40 x 10-9 

 
Table 127: Chances of VLCC-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 7.5 billion 1 in 1.5 billion 1 in 753 million 1 in 376 million 
10 bbl 1 in 11.2 billion 1 in 2.2 billion 1 in 1.1 billion 1 in 558 million 
100 bbl 1 in 17 billion 1 in 3.5 billion 1 in 1.7 billion 1 in 865 million 
1,000 bbl 1 in 23 billion 1 in 4.5 billion 1 in 2.3 billion 1 in 1.1 billion 
10,000 bbl 1 in 40 billion 1 in 8 billion 1 in 4 billion 1 in 2 billion 

 
Table 128: Chances of VLCC-Collision Bunker Spills at SPMs (WC433 Alternative) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 2.7 billion 1 in 538 million 1 in 269 million 1 in 134 million 
10 bbl 1 in 4 billion 1 in 798 million 1 in 399 million 1 in 199 million 
100 bbl 1 in 6.2 billion 1 in 1.2 billion 1 in 618 million 1 in 309 million 
1,000 bbl 1 in 8.1 billion 1 in 1.6 billion 1 in 806 million 1 in 403 million 
10,000 bbl 1 in 14.3 billion 1 in 2.9 billion 1 in 1.4 billion 1 in 713 million 

 
Table 129: Expected Tugboat-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 2.97 x 10-10 1.49 x 10-9 2.97 x 10-9 5.94 x 10-9 
10 bbl 1.65 x 10-10 8.25 x 10-10 1.65 x 10-9 3.30 x 10-9 
100 bbl 1.16 x 10-10 5.78 x 10-10 1.16 x 10-9 2.31 x 10-9 
1,000 bbl 6.60 x 10-11 3.30 x 10-10 6.60 x 10-10 1.32 x 10-9 
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Table 130: Expected Tugboat-Collision Bunker Spills at SPMs (WC433 Alternative) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 8.32 x 10-10 4.16 x 10-9 8.32 x 10-9 1.66 x 10-8 
10 bbl 4.62 x 10-10 2.31 x 10-9 4.62 x 10-9 9.24 x 10-9 
100 bbl 3.24 x 10-10 1.62 x 10-9 3.24 x 10-9 6.47 x 10-9 
1,000 bbl 1.85 x 10-10 9.24 x 10-10 1.85 x 10-9 3.70 x 10-9 

 
Table 131: Chances of Tugboat-Collision Bunker Spills at SPMs (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 3.4 billion 1 in 673 million 1 in 337 million 1 in 168 million 
10 bbl 1 in 6.1 billion 1 in 1.2 billion 1 in 606 million 1 in 303 million 
100 bbl 1 in 8.7 billion 1 in 1.7 billion 1 in 865 million 1 in 433 million 
1,000 bbl 1 in 15 billion 1 in 3 billion 1 in 1.5 billion 1 in 757 million 

 
Table 132: Chances of Tugboat-Collision Bunker Spills at SPMs (WC433 Alternative) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 1.2 billion 1 in 240 million 1 in 120 million 1 in 60 million 
10 bbl 1 in 2.2 billion 1 in 433 million 1 in 216 million 1 in 108 million 
100 bbl 1 in 3.1 billion 1 in 618 million 1 in 309 million 1 in 155 million 
1,000 bbl 1 in 5.4 billion 1 in 1.1 billion 1 in 541 million 1 in 270 million 

 

Total Spill Probability by Volume Category and Platform Location Option 
The expected frequencies and chances of oil spills from all the components of the BMOP Project were 
combined by volume class as shown in, and for the preferred WC509 option in Table 133 and Table 134, 
and in Table 135 and Table 136 for the alternative WC433 platform location option. 

Table 133: Expected Frequency of Oil Spills by Spill Volume (Preferred WC509) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 7.29 x 10-1 3.59 7.29 14.20 
10 bbl 3.92 x 10-1 1.91 3.92 7.89 
100 bbl 2.05 x 10-1 1.01 2.05 4.01 
1,000 bbl 6.77 x 10-2 3.37 x 10-1 6.77 x 10-1 1.32 
10,000 bbl 4.04 x 10-3 2.02 x 10-2 4.04 x 10-2 8.07 x 10-2 
100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
1 million bbl 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 
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Table 134: Chances of Oil Spills by Spill Volume (Preferred WC509) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 1 in 1.4 1 in 0.28 1 in 0.14 1 in 0.07 
10 bbl 1 in 2.6 1 in 0.52 1 in 0.26 1 in 0.13 
100 bbl 1 in 4.9 1 in 0.99 1 in 0.49 1 in 0.25 
1,000 bbl 1 in 17 1 in 3.5 1 in 1.7 1 in 0.90 
10,000 bbl 1 in 250 1 in 50 1 in 25 1 in 12.39 
100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,751.85 
1 million bbl 1 in 4 trillion 1 in 810 billion 1 in 400 billion 1 in 200 billion 

 
Table 135: Expected Frequency of Oil Spills by Spill Volume (WC433 Alternative) 

Spill Volume 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl 7.29 x 10-1 3.59 7.29 14.2 
10 bbl 3.92 x 10-1 1.91 3.92 7.89 
100 bbl 2.05 x 10-1 1.01 2.05 4.01 
1,000 bbl 6.77 x 10-2 3.37 x 10-1 6.77 x 10-1 1.32 
10,000 bbl 4.04 x 10-3 2.02 x 10-2 4.04 x 10-2 8.07 x 10-2 
100,000 bbl 6.45 x 10-6 3.23 x 10-5 6.45 x 10-5 1.29 x 10-4 
1 million bbl 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

 
Table 136: Chances of Oil Spills by Spill Volume (WC433 Alternative) 

Spill Volume 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
1 bbl  1 in 1.4 1 in 0.28 1 in 0.14 1 in 0.07 
10 bbl 1 in 2.6 1 in 0.52 1 in 0.26 1 in 0.13 
100 bbl 1 in 4.9 1 in 0.99 1 in 0.49 1 in 0.25 
1,000 bbl 1 in 17 1 in 3.5 1 in 1.7 1 in 0.90 
10,000 bbl 1 in 250 1 in 50 1 in 25 1 in 12 
100,000 bbl 1 in 160,000 1 in 31,000 1 in 16,000 1 in 7,800 
1 million bbl 1 in 1.4 trillion 1 in 290 million 1 in 140 million 1 in 72 million 

 
The spills for the coastal/inshore pipeline portion of the BMOP would be the same for both WC433 and 
WC509 options. The expected frequencies and chances of oil spills in the one to 100,000-bbl volume 
categories do not differ for the two options. However, the probability of a 1 million bbl or larger oil spill, 
which would be a VLCC worst-case discharge (WCD) due to a collision or allision is about 2.8 times more 
likely with the WC433 option. This is solely due to the location of the alternative WC433 platform closer 
to the Sabine Pass Safety Fairway vessel traffic lanes. The expected frequency per year of operation is 1 in 
1.4 trillion for the WC433 option and 1 in 4 trillion for the preferred WC509 location option. 
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Spill Probability for Hypothetical BMOP Scenarios 
The expected frequencies and chances of the modeled hypothetical spill scenarios are shown in in Table 
137 and Table 138 for the preferred WC509 alternative, and in Table 139 and Table 140 for the WC433 
alternative option. 

Table 137: Expected Frequency of Hypothetical BMOP WCDs (Preferred WC509) 

ID Spill Event 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3 Neches Pipeline Bakken 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-4 Neches Pipeline CLB 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-1 Sabine Pipeline Bakken 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
CS-2 Sabine Pipeline CLB 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
OS-9a Nearshore Pipeline Bakken 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
OS-10a Nearshore Pipeline CLB 1.71 x 10-4 8.55 x 10-4 1.71 x 10-3 3.42 x 10-3 
OS-17 PLEM Pipeline Bakken 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
OS-18 PLEM Pipeline CLB 1.14 x 10-3 5.70 x 10-3 1.14 x 10-2 2.28 x 10-2 
OS-13 Platform Bakken 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-14 Platform CLB 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-15 Service Fuel (Tugboat) 6.60 x 10-11 3.30 x 10-10 6.60 x 10-10 1.32 x 10-9 
OS-16 VLCC Fuel/Bunker 4.43 x 10-11 2.21 x 10-10 4.43 x 10-10 8.86 x 10-10 
OS-11 VLCC Bakken 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 
OS-12 VLCC CLB 2.48 x 10-13 1.24 x 10-12 2.48 x 10-12 4.95 x 10-12 

 
Table 138: Chances of Hypothetical BMOP WCDs (Preferred WC509) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

CS-3 Neches Pipeline Bakken 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-4 Neches Pipeline CLB 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-1 Sabine Pipeline Bakken 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

CS-2 Sabine Pipeline CLB 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

OS-9a Nearshore Pipeline Bakken 1 in 
5,900 

1 in 
1,200 

1 in 
590 

1 in 
290 

OS-10a Nearshore Pipeline CLB 1 in 
5,900 

1 in 
1,200 

1 in 
590 

1 in 
290 

OS-17 PLEM Pipeline Bakken 1 in 
870 

1 in 
180 

1 in 
88 

1 in 
44 

OS-18 PLEM Pipeline CLB 1 in 
870 

1 in 
180 

1 in 
88 

1 in 
44 

OS-13 Platform Bakken 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-14 Platform CLB 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-15 Service Fuel (Tugboat) 1 in 
23 billion 

1 in 
4.5 billion 

1 in 
2.3 billion 

1 in 
1.1 billion 
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Table 138: Chances of Hypothetical BMOP WCDs (Preferred WC509) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

OS-16 VLCC Fuel/Bunker 1 in 
15 billion 

1 in 
3 billion 

1 in 
1.5 billion 

1 in 
757 million 

OS-11 VLCC Bakken 1 in 
4 trillion 

1 in 
807 billion 

1 in 
404 billion 

1 in 
202 billion 

OS-12 VLCC CLB 1 in 
4 trillion 

1 in 
807 billion 

1 in 
404 billion 

1 in 
202 billion 

 
Table 139: Expected Frequency of Hypothetical BMOP WCDs (Alternative WC433) 

ID Spill Event 
Expected Frequency of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 
CS-3 Neches Pipeline Bakken 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-4 Neches Pipeline CLB 3.39 x 10-4 1.70 x 10-3 3.39 x 10-3 6.78 x 10-3 
CS-1 Sabine Pipeline Bakken 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
CS-2 Sabine Pipeline CLB 2.03 x 10-4 1.02 x 10-3 2.03 x 10-3 4.06 x 10-3 
OS-9 Nearshore Pipeline Bakken 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
OS-10 Nearshore Pipeline CLB 4.22 x 10-4 2.11 x 10-3 4.22 x 10-3 8.44 x 10-3 
OS-7 PLEM Pipeline Bakken 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
OS-8 PLEM Pipeline CLB 1.66 x 10-3 8.30 x 10-3 1.66 x 10-2 3.32 x 10-2 
OS-3 Platform Bakken 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-4 Platform CLB 5.40 x 10-3 2.60 x 10-2 5.40 x 10-2 1.10 x 10-1 
OS-5 Service Fuel (Tugboat) 1.85 x 10-10 9.24 x 10-10 1.85 x 10-9 3.70 x 10-9 
OS-6 VLCC Fuel/Bunker 1.24 x 10-10 6.20 x 10-10 1.24 x 10-9 2.48 x 10-9 
OS-1 VLCC Bakken 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 
OS-2 VLCC CLB 6.93 x 10-13 3.47 x 10-12 6.93 x 10-12 1.39 x 10-11 

 
Table 140: Chances of Hypothetical BMOP WCDs (Alternative WC433) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

CS-3 Neches Pipeline Bakken 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-4 Neches Pipeline CLB 1 in 
3,000 

1 in 
590 

1 in 
300 

1 in 
150 

CS-1 Sabine Pipeline Bakken 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

CS-2 Sabine Pipeline CLB 1 in 
4,900 

1 in 
990 

1 in 
490 

1 in 
250 

OS-9 Nearshore Pipeline Bakken 1 in 
2,400 

1 in 
470 

1 in 
240 

1 in 
120 

OS-10 Nearshore Pipeline CLB 1 in 
2,400 

1 in 
470 

1 in 
240 

1 in 
120 

OS-7 PLEM Pipeline Bakken 1 in 
600 

1 in 
120 

1 in 
60 

1 in 
30 

OS-8 PLEM Pipeline CLB 1 in 
600 

1 in 
120 

1 in 
60 

1 in 
30 
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Table 140: Chances of Hypothetical BMOP WCDs (Alternative WC433) 

ID Spill Event 
Chances of Spills by Years of Operation 

1 Year 5 Years 10 Years 20 Years 

OS-3 Platform Bakken 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-4 Platform CLB 1 in 
190 

1 in 
38 

1 in 
19 

1 in 
9.3 

OS-5 Service Fuel (Tugboat) 1 in 
5.4 billion 

1 in 
1.1 billion 

1 in 
541 million 

1 in 
270 million 

OS-6 VLCC Fuel/Bunker 1 in 
8.1 billion 

1 in 
1.6 billion 

1 in 
806 million 

1 in 
403 million 

OS-1 VLCC Bakken 1 in 
1.4 trillion 

1 in 
288 billion 

1 in 
144 billion 

1 in 
72 billion 

OS-2 VLCC CLB 1 in 
1.4 trillion 

1 in 
288 billion 

1 in 
144 billion 

1 in 
72 billion 

 

 
The hypothetical worst-case discharge (WCD) scenarios that were modeled represent highly unlikely spill 
scenarios. The hypothetical nearshore and offshore pipeline spills modeled ranged from 4,960 bbl to 
619,161 bbl, which represent calculated worst-case discharges (WCDs). All of these hypothetical spill 
scenarios are larger than the largest offshore pipeline spill that occurred in the last decade in the Gulf of 
Mexico by one to three orders of magnitude. The VLCC cargo spills of 2.1 million bbl are historically 
unprecedented and are an order of magnitude larger than the largest recorded tanker spill worldwide. The 
hypothetical BMOP VLCC spill is over eight times the size of the 1989 Exxon Valdez spill. There have 
been no tanker spills that have reached even 5% of the volume of the hypothetical VLCC releases in the 
last three decades.   
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Blue Marlin Offshore Port (BMOP) Tactical Response Plan 

BMOP provides the following general Tactical Response Plan to cover all federal, state, and local response 
requirements. This plan considers unanticipated discharges of crude oil into the Neches River, Sabine Lake, 
and offshore Gulf of Mexico (GOM). Prior to operation of the Deep Water Port (DWP), Energy Transfer’s 
Sea Robin Oil Spill Response Plan (O-726) and Coastal Louisiana Pipeline Facility Response Plan (PHMSA 
Sequence No. 3202) will be modified to include BMOP in accordance with 30 CFR § 254 and 49 CFR § 
194 respectively.  The modified response plans will be submitted to the Bureau of Safety and Environmental 
Enforcement (BSEE) and the Pipeline and Hazardous Materials Safety Administration (PHMSA) for 
approval prior to the commencement of operations. The Blue Marlin Offshore Port (BMOP), the “Project”, 
in the GOM will be a DWP constructed and operated as an offshore crude export facility, transporting a 
range of crude oil products from the existing Sunoco Partners Marketing & Terminals (SPMT) Nederland 
Terminal (NT), located in Nederland, Jefferson County, Texas. The offshore facility would be capable of 
handling supertankers, such as very large crude carriers (VLCCs), as well as other crude oil carriers to 
export North American crude oil to global markets. The NT, a Maritime Transportation Security Act (MTSA) 
Facility, is the shoreside component of the Project. The NT maintains an approved FRP with the U.S. Coast 
Guard (USCG), U.S. Environmental Protection Agency (USEPA), and Texas General Land Office (TGLO), 
the SPMT Nederland Terminal Facility Response Plan. Response to discharges at the existing NT is not 
covered in this plan. 

The BMOP DWP will be located in GOM federal waters within and adjacent to the Outer Continental Shelf 
(OCS) in West Cameron (WC) Lease Blocks WC 509, WC 508, and East Cameron (EC) Block EC 263. 
These Blocks are approximately 185 km (100 nm) off the coast, south of Cameron Parish, Louisiana within 
approximately 50 m (162 ft) water depth.  Crude oil will be routed from pumps at the existing NT through a 
new 42-inch onshore pipeline to the existing Stingray Mainline at Station 501, and thence to the offshore 
DWP through the existing Stingray Mainline (Figure 2).  The crude oil will be metered at the new NT pump 
station and on the existing WC 509 Platform prior to being routed through two new crude oil loading lines 
to Pipeline End Manifolds (PLEMs) located on the seafloor below two Catenary Anchor Leg Mooring 
(CALM) Buoys located in WC 508 and EC 263.  From each PLEM, the crude oil will be routed to its 
respective floating CALM Buoy through submerged flexible hoses. VLCCs (or other large seafaring crude 
oil vessels) will moor at a CALM Buoy, retrieve and connect the floating crude oil hoses connected to the 
CALM Buoy, and the crude oil will then route from the Buoy to the VLCC for loading. Up to 365 large 
seafaring crude oil vessels will load per year. The BMOP facilities consist of the pumps and meters at NT; 
a new 37-mile, 42-inch outside diameter (OD) pipeline; the existing 36-inch Mainline; an existing fixed, 
manned platform complex at WC 509; an existing platform at WC 148; and two new PLEM and CALM 
Buoys located in WC 508 and EC 263.  
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Figure 1. Diagram of the Proposed Action, including the 42” onshore pipeline from the Sunoco Tank Farm in 
Nederland, TX to Station 501, and the existing 36” pipeline extending from Station 501 out into the GOM. 

 

For this Tactical Response Plan, the Project is divided into segments.  Pipeline Section 1 consists of the 
onshore portion of the pipeline between the new pump station and the western shore of Sabine Lake, with 
a portion that passes underneath the riverbed of the Neches River via an HDD crossing. Pipeline Section 
2 consists of the onshore pipeline beneath Sabine Lake. Pipeline Section 3 includes the onshore portion of 
the pipeline that extends from the eastern shore of Sabine Lake to the existing Stingray Mainline at Station 
501 and then to the shoreline of the GOM. The final Pipeline Section 4 includes the portion of the Project 
that is offshore, consisting of the offshore pipeline, platforms, and associated vessels. These segments are 
the same segments used for the oil fate and trajectory analysis conducted for the Project. 
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Figure 2. The Project pipeline was divided into four segments for this Tactical Response Plan including: 
Pipeline Segment 1 from the Sunoco Tank Farm to Sabine Lake, Pipeline Segment 2 through Sabine Lake, 
Pipeline Segment 3 onshore pipeline from Sabine Lake to the GOM coast, and Segment 4 offshore portion. 
 

Applicable Contingency and Response Plans to BMOP 

While this Tactical Response Plan provides initial response details, several other contingency and response 
plans are applicable to the Project.  As mentioned above, Energy Transfer’s Sea Robin Oil Spill Response 
Plan (O-726) and Coastal Louisiana Pipeline Facility Response Plan (PHMSA Sequence No. 3202) will be 
modified to include BMOP in accordance with 30 CFR § 254 and 49 CFR § 194 respectively.  The modified 
response plans will be submitted to the Bureau of Safety and Environmental Enforcement (BSEE)  and the 
Pipeline and Hazardous Materials Safety Administration (PHMSA) for approval prior to the commencement 
of operations. 

Broadening the scope of applicable plans, the Project is located within the Area of Responsibility of the 
Southeast Texas and Southwest Louisiana Area Committee. This Area Committee is chaired by the COTP 
at USCG Marine Safety Unit Port Arthur located in Port Arthur, Texas and state partner agencies, the Texas 
General Land Office (TGLO) and Louisiana Oil Spill Coordinator’s Office (LOSCO). It is the responsibility 
of the Area Committee to develop and maintain the Southeast Texas and Southwest Louisiana Area 
Contingency Plan (ACP).  This ACP covers applicable response policies, strategies, and tactics in the area, 
including specific Geographic Response Plans (GRP) to protect sensitive sites. The plan also contains 
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specific details for response titled, “Unconventional Oil Recovery Procedures for the Sabine-Neches 
Waterway,” and includes a section on wildlife considerations and submerged oil recovery.  One of the 
Worst-Case Discharge (WCD) scenarios included in the ACP involves a scenario of the total loss of an 
Ultra Large Crude Carrier (ULCC). These vessels carry up to 4 million barrels of cargo on board. The 
scenario in the ACP is a collision of a ULCC and another Very Large Crude Carrier (VLCC) in the South 
Sabine Lightering Area (28-32 N, 093-40 W) resulting in the total loss of the ULCC and all product on board. 
Figure 3 shows the area covered by the Port Arthur COTP and Southeast Texas and Southwest Louisiana 
Area Committee. 
 

 
Figure 3. Port Arthur COTP Zone covered by the Southeast Texas and Southwest Louisiana ACP.  The star 
indicates the general location of the Project.  Figure from the TGLO Oil Spill Toolkit (TGLO, 2020). 

 

Expanding beyond the local area, the Region 6 Regional Response Team (RRT) covers the entire western 
Gulf of Mexico, including the states of Texas and Louisiana on the coastline.  RRT-6 develops and maintains 
the Region 6 Regional Contingency Plan (RCP). This RCP includes broad planning polices applicable to 
the entire region, including In-Situ Burning, Use of Dispersants, and Regional spill coordination. RRT 6 is 
co-chaired by the Eighth Coast Guard District and Environmental Protection Agency (EPA) Region 6.  
Figure 4 shows the nationwide coverage of the RRTs, including Region 6 (VI). 
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Figure 4. The Region 6 RRT covers the states of New Mexico, Oklahoma, Arkansas, Texas, and Louisiana. 
Figure from www.nrt.org. 

 

From the modeling conducted for this Application, some hypothetical scenarios resulted in international 
impacts to Mexico. Mexico and the United States signed the Agreement of Cooperation Between the United 
States of America and the United Mexican States regarding pollution of the Marine Environment by 
Discharges of Hydrocarbons and Other Hazardous Substances on July 24, 1980. Known as the “MEXUS 
Plan,” this agreement established binational coordination of responses to pollution incidents that affect or 
threaten the marine environment in both countries. Either country can request to activate the MEXUS Plan, 
but both countries must agree for the plan to be officially activated. Two annexes to this plan were 
developed in 2018 to cover the different regional issues on the west and east coasts of Mexico. For the 
Gulf of Mexico, the annex is the “MEXUSGULF Annex.” The MEXUSGULF Annex could potentially apply 
to the BMOP DWP. This plan provides guidance on the communications and coordination processes for an 
effective joint response when a pollution incident occurs in the GOM impacting the maritime border region 
of either country. In the event of an incident, the USCG FOSC would notify the Eighth Coast Guard District 
for international coordination with Mexico through the MEXUSGULF Joint Response Team. 

 

Spill Notification Requirements and Procedures 

BMOP will make all required emergency notifications to federal, state, and local emergency response 
authorities in accordance with the approved Energy Transfer Sea Robin Oil Spill Response Plan (O-726), 
modified to include BMOP and the Coastal Louisiana Pipeline Facility Response Plan (PHMSA Sequence 
No. 3202), modified to include BMOP. 

Contracts with Oil Spill Removal Organizations (OSRO) and other response equipment providers have 
been established and will be maintained to include BMOP facilities. Copies of OSRO contracts are available 
in the afore-mentioned response plans.  If the incident is larger than a minor discharge, an /OSRO will be 
activated to provide response assistance.  Immediately following federal, state, and local notifications, the 
BMOP OSRO and any other required response equipment providers will be activated. 
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State Response System 

Upon notification of a discharge, each designated response agency may act as the State On Scene 
Coordinator and ensure that response activities are consistent with the National Contingency Plan, the 
State Contingency Plan, the Southeast Texas and Southwest Louisiana Area Contingency Plan, and any 
other applicable plans.  The TGLO is the lead state agency for response to oil spills that enter or threaten 
to enter the coastal waters of Texas. TGLO also coordinates the activities of other state agencies and 
provides scientific support for response and contingency planning in coastal and marine areas, including 
predictions of movement and dispersion of oil through trajectory and hydrologic modeling, and information 
on the sensitivity of coastal environments to oil and hazardous substances.  The Texas Commission of 
Environmental Quality (TCEQ) is the state’s lead agency for response to certain inland oil spills (crude oil 
spills emanating from oil or gas exploration, development, transportation, or production facilities are under 
the jurisdiction of the Railroad Commission of Texas (RRC)), all hazardous substance spills (except those 
from exploration and production facilities), and spills of other substances which may cause pollution or 
adversely impact air quality in Texas. Since September 1, 2003, the TGLO was named the lead agency for 
all spills of oil, including crude oil, into coastal waters or that pose an imminent threat to coastal waters as 
per amendments to Texas Natural Resource Code 40.008. The Railroad Commission of Texas (TRRC) 
has jurisdiction over waste generated by oil and gas exploration and production activities, permits the drilling 
of oil and gas wells in Texas, including bay and offshore wells, and is responsible for protecting surface and 
subsurface water from pollution caused by exploration and production activities. Spills or discharges, 
whether hazardous or non-hazardous from crude oil or natural gas pipelines, are also within the jurisdiction 
of the RRC (TGLO, 2020). 

 

Spill Response Operations 

BMOP is responsible for appropriately addressing all inadvertent discharges that occur at the DWP facility. 
Appropriate measures will be taken to mitigate the likelihood of a discharge, including preparing operations 
personnel through extensive training and exercises. 

BMOP will maintain the necessary response equipment to initiate initial response and containment 
measures, as outlined in the afore-mentioned response plans.  Additional response equipment and 
resources, including those required to respond to a worst-case discharge, are available through OSRO 
contracts.  

Depending on the oil product discharged, the oil will behave differently in the marine environment. A wide 
range of products could be transported through the DWP. These include a wide range of hydrocarbons with 
blend plans or approved products ranging from Group 1 through Group 4 oils with API gravities of 52.8 
through 13.8. The crude oils that could be exported range from light condensate products with an API 
gravity of approximately 52.8 to heavy grade crudes and diluted bitumen with an API gravity of 
approximately 21. Figure 5 shows the APIs for the multiple oil types proposed for transport through the 
DWP. 
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Figure 5. Oil types approved for transport within the Project pipelines. 

 

The general expected behavior in the environment and the hazards of these general groups of oils are 
listed in   
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Table 1. Generally, the lower the API, the more persistent the oil will be in the environment. The afore-
mentioned response plans include greater detail on the specific response to these different oil types. 
Additional physical properties of four example oils used in the oil fate and trajectory modeling for this 
application are included in Table 2. 
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Table 1. Groups of oils expected to be transported through the BMOP DWP with expected behavior and 
hazards. 

Oil Group Example API Range General Expected Behavior Hazards 

Group 1: Non-

Persistent Light Oils 
Condensate > 45 

• Highly volatile 

• Normally evaporate within 

1-2 days 

• Leave extremely minimal 

residue after evaporation 

• High concentrations of toxic 
(soluble) compounds 

• Localized, severe impacts to 
water column and intertidal 
resources 

• Cleanup can be dangerous 
due to high flammability and 
toxic air hazard	

Group 2: Persistent 

Light Oils 

 

Diesel 

 

35-45 

• Moderately volatile 

• Leave residue (up to 1/3 of 

spill amount) after a few 

days  

• Moderate concentrations of 
toxic (soluble) compounds 

• Will impact intertidal 
resources with long-term 
contamination potential 

• Cleanup can be very 
effective 

Group 3: Medium 

Oils 

Most Crudes 

IFO 180 
17.5-35 

• About 1/3 will evaporate 

within 24 hours 

• Oil contamination of 
intertidal areas can be 
severe and long-term 

• Oil impacts to waterfowl and 
fur-bearing mammals can 
be severe 

• Cleanup most effective if 
conducted quickly	

Group 4: Heavy Oils 

 

Heavy Crudes 

 

< 17.5 
• Little or no evaporation or 

dissolution 

• Heavy contamination of 
intertidal areas likely 

• Severe impacts to waterfowl 
and fur-bearing mammals 
(coating and ingestion) 

• Long-term contamination of 
sediments possible 

• Weathers very slowly 
• Shoreline cleanup difficult 

under all conditions 

 

 
Table 2. Additional physical properties of the modeled oil types.  

Oil Name Oil Type 
Specific Gravity 
(g/m2 @15.5ºC) 

Viscosity  
(cP) 

Interface Tension 
(dyne/cm) 

Emulsion Maximum 
Water Content (%) 

Bakken High API Crude 0.812 3.88 @ 10ºC 27.3 0 

CLB Low API Crude 0.919 150 @ 15ºC 27.1 72 

Diesel 2002 Diesel Fuel 0.831 2.76 @ 25ºC 27.5 0 

HFO 380 Heavy Fuel Oil 0.989 22,800 @15ºC Not Measurable 60 
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Further description of these four example oils are provided. 

• Bakken is a light crude with low density, viscosity and an inability to form a stable emulsion (i.e., 
0% maximum water content). The aromatic content is relatively high (4.1%), with equal distribution 
across the range of aliphatic groups and low residual content.  

• CLB diluted bitumen is a heavy product with high density, viscosity and potential water content 
when fully emulsified. Like most heavy crudes, CLB has a low total weight of hydrocarbons within 
the volatile pseudo-components, and a large residual fraction. However, unlike other heavy crude, 
it is important to note that CLB is a blend of hydrocarbons formulated by combining a heavy, and 
viscous fraction known as bitumen with a light diluent (often condensate), which is used to reduce 
the density and viscosity of the product to the point that it may be transported in pipelines. CLB can 
form stable emulsions and tarballs quite rapidly due to its composition, which has reduced 
quantities of middle-weight compounds relative to other low API products. 

• Diesel 2002 is a refined hydrocarbon created through fractional distillation during which lighter, 
more volatile hydrocarbons are separated from the bulk solution by evaporating and collecting 
them. Thus, most of this fuel’s mass can be found within the AR1-3 and AL1-3 pseudo-component 
fractions and very little found within the residual fraction.  

• HFO 380 is also a refined hydrocarbon product that is created through fractional distillation. 
However, while diesel and other light fuels are created when the evaporated fraction is collected, 
HFO’s are created by collecting the unevaporated or residual fraction. Therefore, HFO has a high 
density, viscosity, and is primarily composed of non-volatile, residual hydrocarbons (~84%).  

 

Minor Discharges 

For minor discharges, BMOP will take immediate action to remediate any impacts.  Sorbent material may 
be used to clean up very small discharges.  Every effort will be made to restrict oil to temporary containment 
areas by stopping or diverting the flow of the oil. If oil enters the water, all required notifications will be 
conducted while attempting to recover oil from the water with sorbent material. Any contaminated sorbent 
booms or pads will be removed as quickly as possible to eliminate the possibility of oil refloating from the 
sorbents.  All recoverable oil will be collected and placed in appropriate containers for proper disposal. All 
nonexpendable PPE and response equipment will be decontaminated prior to being placed back into 
storage. Any impacted soil will be placed into appropriate containers and/or lined roll-off boxes for disposal. 

 

Larger Discharges 

For larger requiring significant response resources, a full response effort will be initiated.  The use of all 
available containment and recovery methods should be considered. Initially, all three methods (mechanical 
recovery, in-situ burn, and dispersants) may be evaluated and then adjustments made as information 
concerning the spill is received by the Unified Command (UC). However, the first step to a successful 
response must be to secure the source. Efforts to secure the source must occur simultaneously with 
response countermeasures to begin to contain and recover the oil from the water and quickly mitigate 
potential impacts. 
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Incident Management 

In accordance with Homeland Security Presidential Directive 5 (HSPD-5), the federal, state, and local 
governments will ensure command and control of an oil spill response at the DWP using the National 
Incident Management System (NIMS) Incident Command System (ICS). The ICS involves the use of 
standard terminology, organization, facilities, and procedures to manage the response. All BMOP 
responders will be trained and exercised in ICS to ensure their ability to form a UC with government 
authorities to respond to any large incident at the DWP. 

An Incident Management Team (IMT) may be activated to manage the response using NIMS ICS policies 
and procedures.  The UC directing this team will be comprised of the FOSC, the SOSC, and the BMOP 
Incident Commander.  According to NIMS procedures, the UC will establish incident objectives, recorded 
on the ICS-202 form, to ensure that response operations are conducted strategically.  The UC sets incident 
objectives that are specific, measurable, attainable, realistic, and time-sensitive. The objectives are also 
flexible enough to allow for strategic and tactical alternatives. From the USCG’s Incident Management 
Handbook (IMH) (USCG, 2014), an example of standard incident objectives that could apply to a large-
scale oil spill response include: 

• Provide for the safety and security of responders and maximize the protection of public health and 
welfare. 

• Initiate actions to stop or control the source, and minimize the total volume released. 
• Contain, treat, and recover spilled materials from the water’s surface or, in the case of offshore oil 

wells or pipelines, at the discharge point.  
• Determine oil and hazardous substance fate and effect (trajectories), identify sensitive areas, 

develop strategies for protection, and conduct pre-impact shoreline debris removal. 
• Identify and protect environmentally sensitive areas, including wildlife, habitats, and historic 

properties. 
• Identify threatened species and prepare to recover and rehabilitate injured wildlife. 
• Investigate the potential for and, if feasible, use alternative technologies to support response 

efforts. 
• Manage a coordinated interagency response effort that reflects the composition of UC. 
• Inform the public, stakeholders, and the media of response activities. 
• Restore maritime commerce and operations. 
• Establish and continue enforcement of safety and security zones. 
• Investigate cause of incident. 

Note that the safety of responders and the public is always the top priority in any oil spill response.  
Following safety, source control and oil containment are second in priority in order to limit the amount of 
product spilled and how far it could spread. 

 

Mechanical Recovery and Sensitive Site Protection 

Mechanical Recovery is typically the first response measure put into place following an oil spill. These 
operations include removing oil using advancing and stationary recovery systems. Oil Spill Recovery 
Vessels (OSRVs) will be mobilized by the OSRO to remove fresh oil from the water’s surface. Adequate 
storage for recovered oily water should be available to ensure skimming operations can continue. Storage 
on-board vessels, as well as storage bladders and tanks, may be used in order to not limit recovery 
operations. 

In order to protect shorelines from any oil, booming strategies will be employed to divert, deflect, and 
exclude oil from impacting particularly sensitive areas. Geographic Response Plans (GRP) are developed 
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by the cognizant Area Committee in order to protect environmental, socioeconomic, cultural, or historical 
sensitive sites. The National Oil and Hazardous Substance Pollution Contingency Plan (NCP, 40 CFR Part 
300.210(3)(i)) requires Area Contingency Plans to describe areas of special economic and environmental 
importance that could be impacted during an oil spill. The National Historic Preservation Act of 1966 
contains applicable, relevant, and appropriate requirements for GRPs to address sensitive historic and 
prehistoric resources. In order to ensure that response actions do not inadvertently harm historical and 
culturally sensitive sites, the appropriate State Historical Preservation Office (SHPO) must be consulted. 
The SHPO will evaluate areas where response actions are to be conducted for potential impact to historic 
and culturally sensitive sites. In Texas, the Texas Historical Commission Archaeology Division in Austin, 
TX fills this role. For Louisiana, the Louisiana State Historical Preservation Office in Baton Rouge, LA 
manages this responsibility (TGLO, 2020). 

The Southeast Texas and Southwest Louisiana Area Contingency Plan contains GRPs developed by the 
Area Committee. TGLO provides an Oil Spill Toolkit online with these GRPs for both Texas and Louisiana.  
The Oil Spill Toolkit is a decision-support resource for the spill response community, functioning as a 
multipurpose oil spill response tool, built and maintained for USCG District 8 Regional Response by the Oil 
Spill Division of the Texas General Land Office, in cooperation with numerous other State and Federal 
Agencies. The GRPs can be accessed at https://www.glo.texas.gov/ost/. These GRPs are intended to be 
current for the first 24 to 48 hours, since conditions will change over time. They can be used as part of an 
initial formulation of the ICS-204 forms for an Incident Action Plan.  ICS-204 forms detail work assignments 
to the responders on the incident. The GRPs for the Sabine Lake Area in Texas can be accessed at 
https://www.glo.texas.gov/ost/responsemaps/texas/texasesi/sabinelake/index.html. The location of these 
GRPs are shown in Figure 6. The GRPs for the Cameron Parish Area in Louisiana can be accessed at 
https://www.glo.texas.gov/ost/responsemaps/louisana/grpla/CameroParishGRP.pdf.  The location of these 
GRPs are shown in Figure 7.  All other applicable GRPs to a given spill scenario can be found by navigating 
the TGLO Oil Spill Toolkit site referenced above (TGLO, 2020). 
Adequate decontamination and disposal procedures will be put into place to ensure all hazardous waste is 
properly disposed of in accordance with federal, state, and local requirements. 
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Figure 6. USCG MSU Port Arthur Geographic Response Plan (GRP) Index Map for Texas from the Southeast 
Texas and Southwest Louisiana ACP for the Sabine Lake Area in the vicinity of the BMOP (SETXSWLA ACP, 
2018).  The full GRPs for this area can be found at: 
https://www.glo.texas.gov/ost/responsemaps/texas/texasesi/sabinelake/index.html. 
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Figure 7. Cameron Parish GRPs in Louisiana from the Southeast Texas and Southwest Louisiana ACP just to 
the east of the BMOP site.  The full GRPs for this area can be found at: 
https://www.glo.texas.gov/ost/responsemaps/louisana/grpla/CameroParishGRP.pdf. 
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While conducting Sensitive Site Protection operations by implementing GRP strategies, responders must 
consider and weigh the impacts to High Consequence Areas as shown in Figure 8. If there is limited 
availability of response resources, the UC will need to consider what sensitive sites are most important to 
protect first. The overall incident objectives prioritizing health and safety would direct the UC to first consider 
the drinking water and populated areas before ecological areas. However, every response is unique, and 
the UC would work together and with the federal, state, and local trustees to ensure all response measures 
are taken to protect people, the environment, and property. 

 

[Non-public data has been removed to maintain confidentiality] 

 
Figure 8. High Consequence Areas within the vicinity of the On-land Pipeline Segments 1-3. 
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Dispersants 

The use of dispersants can be an effective means to quickly remove oil from the water’s surface and 
disperse it into the water column. Using dispersants is highly regulated and must be approved by the 
Regional Response Team. Regional Response Team 6 (RRT 6) developed the RRT 6 FOSC Dispersant 
Pre-approval Guidelines and Checklist to provide for meaningful, environmentally safe, and effective 
dispersant operation. The RRT 6 Dispersant Pre-approval Overview, the FOSC Dispersant Use Checklist 
and the FOSC Dispersant Use Flowchart define the dispersant pre-approval requirements. If the dispersant 
pre-approval requirements are not met, the request for use of dispersant must follow the approval process 
as specified in the RRT 6 Regional Contingency Plan Subpart H Authorization. 

In accordance with the NCP, RRT 6 dispersant preapproval authority is given only to the FOSC with the 
following guidelines: 

• The FOSC must utilize the decision-making process as defined in this guidance to determine the 
applicability of dispersants as a response option for a specific spill response. 

• The RRT will be notified by the FOSC of an approval to initiate dispersant operations as soon as 
practicable after the approval has been given to the Responsible Party (RP). Provided the 
dispersant application is successful and operational results are positive, no RRT approval will be 
required for additional sorties and passes. The RRT must be kept informed on the status of the 
dispersant application throughout the operation. Post-application information/results will be 
provided to the RRT within 24 hours of the dispersant application. Formal convening of the RRT, 
however, is not necessary.  

• The pre-approved area includes offshore waters “from the ten-meter isobath or three nautical 
miles”, whichever is farthest from the shore, to 200 nautical miles offshore (EEZ boundary), 
beginning from the Texas-Mexico border and extending through the states of Texas and Louisiana 
to the boundary between federal Regions 4 and 6. 

• The only requirement for dispersant product selection is that the dispersant must be included on 
the NCP Product Schedule and considered appropriate by the FOSC for existing environmental 
and physical conditions. 

• Dispersant spraying operations are conducted during daylight hours only. To achieve the intended 
results of this pre-approval, it is essential that every reasonable effort be made to make the first 
dispersant drop as soon as possible after the oil has been released into the marine environment. 

For the nearshore environment (NSE) defined as GOM waters seaward of the shoreline but shoreward of 
the ten-meter isobath or 3 NM whichever is farther from shore, RRT-6 developed an Expedited Approval 
Process (EAP) for the use of dispersants because the impact on nearshore and shoreline resources will be 
shorter than in an offshore spill scenario. The EAP does not provide dispersant preauthorization. RRT 6 
approval is required with the EAP, but the process is simply expedited. The NSE does not include inland 
bays and estuaries. The goal is for dispersants to be applied in a specified manner so as to achieve an 
acceptably low enough level of risk of dispersant being sprayed directly on or drifting laterally in the air and 
onto the shoreline in consideration of at least the following parameters:  

• Wind speed and direction  
• Accuracy of spray platform  
• Type and geometry of shoreline 
• Anticipated proximity of oil to the shoreline  
• Shoreline resources at risk from over spray, especially human use (e.g. recreational use of 

beaches).  
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The primary elements of the EAP include an NSE-EAP Initial Call Checklist, an NSE-EAP Minimum Criteria 
Checklist, and an NSE-EAP Decision Checklist. These checklists include pre-identified questions about the 
spill, operational parameters, and factors impacting the RRT’s decision. 

 

In-Situ Burning 

In-Situ Burning is another response countermeasure that can be employed to remove the oil from the water 
surface. A controlled burn reduces the oil on the water’s surface by releasing the particles into the 
atmosphere. The USCG, USEPA, Department of the Interior (DOI), Department of Commerce (DOC), and 
the states of Texas and Louisiana preauthorized the use of burning agents within offshore environments.  
For purposes of applicability, this area is defined as those parts of the Region 6 coastal zone seaward 
beginning three miles offshore. 

For purposes of the RRT-6 In Situ Burn Policy for the Offshore Environment Policy (Appendix 13 of the 
RRT-6 Regional Contingency Plan), the preauthorized use of burning agents may be used only after the 
representatives to RRT-6 have been consulted by the FOSC. The members to be consulted will be at a 
minimum the EPA representative to RRT-6 and, as appropriate, the RRT representative(s) from the state(s) 
with jurisdiction over the navigable waters impacted or threatened by the discharge, as well as the 
Department of Commerce and Department of the Interior RRT-6 representatives.  

When the FOSC intends to pursue the use of the in-situ burn technique without the use of burning agents, 
RRT-6 shall still be consulted. In these instances, the FOSC should strongly consider developing a plan for 
burning agent use, even when it is believed the chemical countermeasure(s) may not be necessary. Should 
it be found that burning agent use is needed to achieve ignition, having the conditions of their preauthorized 
use met in advance ensures the burn operation will not be unnecessarily delayed. 

There are designated exclusion zones within Region 6 where burning agent and ISB use are prohibited; 
these areas are generally offshore and consist of natural banks, hard bottom habitats, artificial reefs, shoals 
and an area off of Grand Isle, Louisiana. The specific exclusion zones are listed in Appendix F of the RRT-
6 In Situ Burn Policy for the Offshore Environment and can be seen in Figure 8. 

In accordance with 40 CFR § 300.910(d), the FOSC may authorize the use of burning agents without 
obtaining the concurrence from the required representatives to RRT-6 when, in the judgment of the FOSC, 
their use is necessary to prevent or substantially reduce a hazard to human life. Once the threat to human 
life has subsided, any subsequent burning agent use shall be in accordance with 40 CFR § 300.910(c). 

The decision-making process begins with a simple preliminary feasibility analysis. If that analysis concludes 
that an ISB may be feasible, the ISB Checklist for Non-Preauthorized Areas will be completed. The ISB 
checklist is divided into several sections of information about the spill, operational considerations, and 
resources at risk. When completed, these tools will help identify when a burn may safely occur based on 
environmental, public health, and operational constraints. 

Within three miles of shore in the coastal zone, the decision-making process begins with a simple 
preliminary feasibility analysis. If that analysis concludes that an ISB may be feasible, the ISB Checklist for 
Non-Preauthorized Areas must be completed. The ISB checklist is divided into several sections of 
information about the spill, operational considerations, and resources at risk. This checklist can be found in 
the RRT 6 In Situ Burn Policy (Appendix 13A of the RRT 6 Regional Contingency Plan). A feasibility analysis 
and ISB checklist are provided to help the FOSC organize and analyze information when considering 
burning agent and ISB use. For a spill from the BMOP facility, a representative must work in conjunction 
with the Unified Command staff to complete these tools. 
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For inland environments of the BMOP Project area, the request to use burning agents in conjunction with 
the ISB technique must follow the appropriate authorization procedures found in RRT-6 Regional 
Contingency Plan Volume 2, Section I. 
The Texas General Land Office should be contacted to determine if there are any state or regional 
regulatory requirements which will need to be considered when planning an in-situ burn operation. The 
Louisiana Department of Environmental Quality designates regulatory requirements which need to be 
considered when planning for an in-situ burn operation. The Louisiana Code 33:III §1109 Control of Air 
Pollution from Outdoor Burning must be referenced for any burn operation (Louisiana, 2018).  

 

Best Management Practices (BMPs) and Resources At Risk (RAR) 

The TGLO Oil Spill Toolkit also provides Best Management Practices (BMPs) for oil spill response. These 
BMPs are considered ideal methods to use to protect ecological resources during a spill. BMPs produced 
by TGLO for the areas of Gulf-Texas Pt. to Bolivar Roads and Sabine Lake Neches River are included as 
Appendix A (TGLO, 2020). 

TGLO also includes Resources At Risk (RAR) in the Oil Spill Toolkit. These documents capture Shoreline 
RAR, Biological RAR including threatened and endangered species, and Human-Use RAR. It is critical for 
responders to be aware of the presence of these resources when conducting oil spill response operations. 
RARs produced by TGLO for the areas of Gulf-Texas Pt. to Bolivar Roads and Sabine Lake Neches River 
are included as Appendix B (TGLO, 2020). 

Figure 9 and Figure 10 show the locations of the applicable BMPs and RAR as well as Tidal Inlet Protection 
Strategies (Figure 9 only), GRPs, and Oil Spill Staging Areas. 
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Figure 9. Blue Marlin Offshore Port diagram with oil spill response operational data from TGLO, including In 
Situ Burn Exclusion Areas, Tidal Inlet Protection Strategies, GRPs, Resources at Risk and Best Management 
Practice Areas, and Oil Spill Staging Areas. 
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Figure 10. Blue Marlin Offshore Port diagram focused on Pipeline Sections 1, 2, and 3 with oil spill response 
operational data from TGLO, including GRPs, Resources at Risk and Best Management Practice Areas, and 
Oil Spill Staging Areas. 

 

Mitigation Measures from Modeling Report 

Recommended response actions for the various shoreline habitats were developed through the modeling 
analysis conducted for BMOP. These recommendations are based on information provided in the NOAA 
National Ocean Service’s 2010 document, Characteristic Coastal Habitats – Choosing Spill Response 
Alternatives (reprinted in March 2017). The Characteristic Coastal Habitats collection was originally 
designed as a companion to Environmental Considerations for Marine Oil Spill Response, published in 
2001 by the American Petroleum Institute, NOAA, the USCG, and the USEPA. Based on oil characteristics, 
Bakken and Diesel were classified as Group 2 oils, and CLB and HFO 380 were classified as Group 4 oils.  

To prioritize response methods, the makeup of the shoreline oiled by habitat type should be considered. 
Each shoreline type is categorized by different physical and biological characteristics which respond to and 
retain oil differently. Sand beaches, gravel beaches, and mudflats are generally the most oiled natural 
habitats across the oil spill scenarios prepared for the oil fate and trajectory modeling completed for this 
Project. Figure 11 shows the shoreline habitat types and water depths in the Sabine Lake area of the 
Project.  
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Figure 11. Shoreline types (top) and Depths (bottom) in the Neches River, Sabine Lake, and Sabine Pass. 
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Common response methods with the lowest adverse impact are frequently utilized across different 
hydrocarbon spills. However, the best response methods are specified based on oil composition, type of 
coastline effected, and extent of oiling. Table and Table  provide a summary of the approach for shoreline 
habitats recommended by NOAA (2017). Table  provides a similar analysis for mitigation methods that are 
applicable to subtidal (i.e., benthic) habitats, and Table  provides analysis for methods applicable to the 
offshore environment.  

Recovery capacity volumes and effectiveness for various response equipment (e.g., oil skimmers and 
boom) to be employed by BMOP were rigorously tested at the Oil and Hazardous Materials Simulated 
Environmental Test Tank (Ohmsett) in Leonard, NJ. The National Oil Spill Response Research & 
Renewable Energy Test Facility provides independent and objective performance testing of full-scale oil 
spill response equipment and helps improve technologies through research and development. Ohmsett 
uses American Society for Testing and Materials (ASTM) standards F-2084—01 Standard Test for 
Determining Nameplate Recovery Rate of Stationary Oil Skimmer Systems. Data was compiled into a 
“World Catalog of Oil Spill Response Products” published by SL Ross Environmental Research Limited 
(SLRoss, 2013; 2017). 

The hypothetical spill model results for diesel predicted that only one shoreline habitat would be affected 
(e.g., artificial/manmade). Mitigation with the least adverse habitat effects would be methods including 
natural recovery, sorbents, debris removal, and low-pressure, ambient water flushing. The greatest 
potential adverse effects would be associated with steam cleaning and sand blasting.   

For a spill of Bakken, response methods with the least adverse impacts to shoreline habitats include use 
of sorbents, nutrient enrichment, debris removal, and flooding. For CLB or HFO 380, the best response 
methods include debris removal, sorbent application, and vacuuming.  

For all oil types modeled, the use of sorbents and natural recovery are the two response methods expected 
to cause the least impact to corals and seagrasses. The offshore environment is less sensitive to response 
measures with all response options expected to cause “least” or “some” adverse impact. It should be noted 
that a re-prioritization of different response method preparedness may be appropriate given the importance 
of a given area due to variations in species richness and sensitivity of habitats.   Corals and seagrasses 
are not present in the general area in the vicinity of BMOP .
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Table 3. Evaluation of Response Methods for Shoreline Habitats Potentially Affected by a Spill of Diesel Fuel or Bakken Crude Oil from BMOP. 

 Habitat Type 

Response Method1 
Sheltered, 

Exposed Rocky 
Shoreline 

Gravel 
Beach 

Sand 
Beach 

Sheltered, 
Exposed Mud 

/ Tidal flat 

Salt 
Marshes 

Mangroves 
Sheltered, Exposed Artificial /  

Manmade Shoreline 

Natural Recovery A,A A B A,A A A A,A 

Barriers/Berms  B B C,B B B  

Manual Oil Removal / Cleanup C,- C B D,C D D B,B 

Mechanical Oil Removal  D B  D   

Sorbents A,B A B A,A A A A,A 

Vacuum B,A   C,C B B  

Debris Removal A,A A A B,B B A A,- 

Sediment Reworking / Tilling  B B  D   

Vegetation Cutting / Removal  D C -,D D  B 

Flooding A,- A A B,A B B  

Low-pressure, Ambient Water Flushing A,A A B C,B B B A,A 

High-pressure, Ambient Water Flushing A,B      B,B 

Low-pressure, Hot Water Flushing       -,C 

High-pressure, Hot Water Flushing       -,C 

Steam Cleaning       -,D 

Sand Blasting       -,D 

Solidifiers C,-   C,C C C  

Shoreline Cleaning Agents       -,B 

Nutrient Enrichment A,- A A I,C A I  

Natural Microbe Seeding I,- I I I,I I I  

In-situ Burning D,-    B   
Notes:  
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least adverse impact; B = some 

adverse impact; C = Significant adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank or dash means the method was not 
applicable. Adapted from NOAA 2017. 
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Table 4. Evaluation of Response Methods for Shoreline Habitats Potentially Affected by spill of HFO 380 or CLB from the Blue Marlin Offshore Port. 

Response Method1 
Sheltered, Exposed 

Rocky Shoreline 
Gravel 
Beach 

Sand 
Beach 

Sheltered, Exposed 
Mud / Tidal Flat 

Salt 
Marshes 

Mangroves 
Sheltered, Exposed Artificial /  

Manmade Shoreline 

Natural Recovery B,A C C B,A B A B,A 

Barriers/Berms  B B C,B B B  

Manual Oil Removal / Cleanup C,B B A C,B C C B,B 

Mechanical Oil Removal  B B -,C D   

Sorbents C,A B A B,B A A B,A 

Vacuum B,A B A B,B B B  

Debris Removal A,A A A B,B B A A,- 

Sediment Reworking / Tilling  B B -,C D   

Vegetation Cutting / Removal D,C C C D,D C  -,B 

Flooding B,- C B B,A B B  

Low-pressure, Ambient Water 
Flushing 

B,B B B D,C B 
C 

C,B 

High-pressure, Ambient Water 
Flushing 

B,B D    
 

C,B 

Low-pressure, Hot Water Flushing D,C C C    C,C 

High-pressure, Hot Water Flushing D,C D     C,C 

Steam Cleaning D,D D     D,D 

Sand Blasting D,D      D,D 

Solidifiers        

Shoreline Cleaning Agents B,C C C  B C B,B 

Nutrient Enrichment C,- B A I,I B I I,- 

Natural Microbe Seeding I,- I I I,I I I I,- 

In-situ Burning C,- C C  B   

Notes: 
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least adverse impact; B = some adverse impact; C = Significant 

adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank means the method was not applicable. Adapted from NOAA 2017. 



 
BLUE MARLIN OFFSHORE PORT TACTICAL RESPONSE PLAN 
 

25 

 

 

Table 5. Evaluation of Response Methods for Benthic Habitats Potentially Affected by a Spill of Each Type of 
Oil from BMOP. 

Response Method1 
Diesel Fuel and Bakken  HFO 380 and CLB 

Coral Reefs Seagrasses Coral Reefs Seagrasses 

Natural Recovery A A A B 

Booming B B B B 

Skimming B B B B 

Physical Herding  B  B 

Manual Oil Removal / Cleaning   B B 

Mechanical Oil Removal   D D 

Sorbents A A A A 

Vacuum   B B 

Debris Removal     B 

Vegetation Cutting / Removal    C 

Low-pressure, Ambient Water B  C  

Dispersants C C C C 

In-situ Burning B B C C 

Notes: 
1 Categories are used to compare the relative environmental impact of each method in the specific environment and habitat:  A = Least 

adverse impact; B = some adverse impact; C = Significant adverse impact; D = The most adverse impact; I = Insufficient information for 
evaluation; Blank means the method was not applicable. Adapted from NOAA 2017. 
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Table 6. Evaluation of Response Methods for Offshore Habitat Potentially Affected by a Spill of Each Type of 
Oil from BMOP. 

Response Method1 

Offshore Environment 

Diesel Fuel and 
Bakken  

HFO 380 and CLB 

Natural Recovery A B 

Booming-Containment A A 

Booming-Deflection / Exclusion A A 

Skimming A A 

Physical Herding B B 

Manual Oil Removal / Cleaning   

Sorbents B B 

Debris Removal A A 

Dispersants A A 

Emulsion-treating Agents B B 

Elasticity Modifiers B  

Herding Agents B  

Solidifiers B  

In-situ Burning A A 

Notes: 

1 Categories are used to compare the relative environmental impact of each method in the specific 
environment and habitat:  A = Least adverse impact; B = some adverse impact; C = Significant 
adverse impact; D = The most adverse impact; I = Insufficient information for evaluation; Blank 
means the method was not applicable. Adapted from NOAA 2017. 

 

Overall Response 

In conducting an oil spill response at the BMOP facility whether it be inshore at the pump station, along the 

pipeline into the Neches River or Sabine Lake, or offshore at the WC 509 platform complex, BMOP is 

committed to ensuring the safety of the public and the responders, securing the source and containing the 

spilled product, and protecting all sensitive sites. This Tactical Response Plan is the initial planning effort 

towards that goal. As the USCG/MARAD Application for the Project proceeds, BMOP will ensure that all 

response plans, OSRO and equipment provider contracts, training and exercises, and federal, state, and 

local government engagement are in place when the BMOP Project becomes operational. 
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TGLO Best Management Practices 



Gulf-Texas Pt. to Bolivar Roads BMPs 

Gulf-Texas Pt. to Bolivar Roads: Page 1 

Resource Location Timeframe BMP 

Aplomado falcon Onshore March - June 
Maintain 1,000-foot buffer from northern aplomado falcon nest structures (Matagorda County south to Rio 
Grande).   

Birds All Year-round Avoid hovering and landing aircraft near known, posted, or observed areas of high bird concentrations. 

Birds All Year-round 

If using air boats, maintain a distance of 1,000 feet from high bird use areas to minimize disturbance. 
Contact the Environmental Unit to ensure proper permits have been obtained to conduct air boat 
operations in National Wildlife Refuges. 

Cultural resources All Year-round 
Native American and historic artifacts (e.g., pot shards and arrowheads) must not be collected or 
disturbed.  

Cultural resources All Year-round Any human graves or burial sites must be reported to the State Historic Preservation Officer (SHPO). 

Cultural resources All Year-round 

When activity occurs within 300 feet of a sensitive cultural resource as indicated by the Environmental Unit, 
a qualified archaeologist or other qualified historic preservation professional must be present to monitor the 
work. 

Cultural resources All Year-round 

Any activities being undertaken at, on, or near any known historic structure, site, vessel, etc., should first 
be reported to the SHPO representative. Contact the State or Federal SSC for assistance. Contact the 
SHPO representative if archaeological sites are encountered during the course of work. 

Marshes Bays, inland waters Year-round 
Marsh vegetation should not be cut or burned, unless approved by the Environmental Unit. Equipment and 
supplies should not be staged on the marsh or in other vegetated areas. 

Marshes Bays, inland waters Year-round 
Water channels shall be used for navigation through marshes. Under no circumstances shall vessels run 
over the top of or across marsh grasses. Stopping or landing a vessel on top of marshes is prohibited. 

Marshes Bays, inland waters Year-round 

Access into marshes should be minimized to avoid disturbing the root systems that could lead to shoreline 
erosion, water quality degradation, and turbidity. All vessel approaches to marshes shall be limited to 
grounding the bow of the vessel on the fringe of the marsh, avoiding landing directly on top of marsh 
grasses as much as possible. 

Marshes Bays, inland waters Year-round 
Use low-pressure tire vehicles (e.g., ATVs, Gators) when practical and consult with the Environmental Unit 
on procedures to minimize impact. 

Marshes Bays, inland waters Year-round 

Do not create unnatural ruts, channels, dikes, or drainage routes and do not re-use previously made 
tracks. Multiple trips through the same area should be avoided. Plan ahead to reduce trips. Ruts will occur 
regardless of precautions taken, so be prepared to repair them. Air boats can be effective in smoothing 
ruts. 

Marshes Bays, inland waters Year-round 
When transit in marshes can't be avoided, vehicles with wide tracks, wide tires, or specially designed and 
temporary mats should be used to spread out the weight of equipment and reduce compression. 

Marshes Bays, inland waters Year-round 

All foot traffic in marshes will be done on walking boards, with no direct foot traffic in the marsh. No foot 
traffic or other entry by response personnel or equipment should occur in un-oiled areas unless approved 
by the Environmental Unit. 
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Marshes Bays, inland waters Year-round 

If pollution target location is inaccessible or access with heavy equipment would result in unacceptable 
habitat damage relative to that posed by the pollution threat, then specialized operations may be needed to 
minimize impacts. Such operations shall be closely coordinated with the Environmental Unit. 

Piping plover, red knot Gulf beaches End of July - mid May 

Check under and around vehicles and heavy equipment parked on the beach before they are moved. Be 
aware that piping plovers are especially vulnerable during periods of cold temperature and when they are 
roosting at night, and extra care should be taken at these times.  

Piping plover, red knot Gulf beaches Year-round Avoid deliberately flushing birds. 

Sargassum Gulf of Mexico Year-round Avoid skimming or burning sargassum that is not oiled or very lightly oiled. 

Sea turtles Gulf beaches March 15 - October 1 

Verify sea turtle nesting activities with agency experts and begin onshore cleanup operations during 
daylight hours after sea turtle nesting surveys/conservation activities are complete.  If an unmarked nest or 
crawl is discovered, immediately contact the Wildlife Hotline/Environmental Unit for further instructions. 
Observe a 10-foot buffer from marked sea turtle nests. Work crews may be required to convoy behind a 
sea turtle spotter.  

Sea turtles Gulf beaches March 15 - October 1 
If a sea turtle is spotted, maintain at least 200 feet between the turtle and any beach cleanup activities and 
call the Wildlife Hotline/Environmental Unit. 

Sea turtles Gulf beaches March 15 - October 1 

If necessary, clean sand and sargassum can be placed on the foredune area adjacent to where it is 
removed. Sand and sargassum placement areas will have 10-20 foot gaps every 200 feet to allow nesting 
sea turtles to traverse these areas.  

Sea turtles Gulf of Mexico, bays Year-round A trained sea turtle observer is required for all in-situ burn operations. 

Sea turtles Gulf of Mexico, bays Year-round 
Sea turtle observer on the ignition vessel will monitor 3 areas prior to the burn (the area in front of the 
trawlers, oil concentrated in the boom, and any oil trailing behind the boom). 

Sea turtles Gulf of Mexico, bays Year-round 
A survey should be conducted in the burn area after the burn is complete and all dead sea turtles should 
be counted and if possible collected. 

Sea turtles Gulf of Mexico, bays Year-round 
Vessels should be equipped with the necessary equipment (dip nets, holding containers, towels, etc.) to 
capture and hold distressed or oiled sea turtles aboard the vessel.  

Sea turtles Gulf of Mexico, bays Year-round Retrieve injured/dead/oiled sea turtles using the NOAA Sea Turtle At-Sea Retrieval Protocol. 

Sea turtles Gulf of Mexico, bays Year-round Resuscitate any live, unresponsive sea turtles according to the NOAA sea turtle resuscitation guidelines. 

Sea turtles Gulf of Mexico, bays Year-round 
Safely release uninjured and unoiled sea turtles over the stern of the boat, when gear is not in use, the 
engine is in neutral, and in areas where they are unlikely to be recaptured or injured by vessels.  

Seagrass, oyster beds Bays, inland waters Year-round 

All vessels shall follow deep-water routes whenever possible; operate vessels at "no wake/idle" speeds at 
all times while in shallow water (less than 4 feet). Access over or into areas containing oyster beds or 
seagrass should be restricted to shallow draft boats or barges. Avoid prop washing and scouring. 
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Shorebirds Bays, inland waters Year-round 

Do not attempt to clean oiled tidal or sand flats without consulting natural resource agencies (piping plover, 
red knot, and other shorebird habitat). Avoid impacts to sand flats between the dunes and the bays 
(nesting areas for Wilson's and snowy plovers).  

Shoreline All Year-round Watercraft landings should be at designated areas; land or stage boats to avoid crushing vegetation. 

Shoreline All Year-round 
Select vehicles and equipment which are least likely to disturb soils/sediments and keep loading to a 
minimum to reduce ground pressure (on unpaved surfaces). 

Shoreline All Year-round Minimize ground-disturbing activities to as small an area as feasible to complete the task. 

Shoreline All Year-round 
Minimize removal of clean sediment, seaweed, and natural debris. Replace removed materials to their 
original location, if practical.  

Shoreline All Year-round 
Activities that may require removal of forested and shrub or scrub habitat require approval from the 
Environmental Unit. 

Shoreline All Year-round 

All heavy equipment should be as low on the beach as possible (unless oiled); when possible, avoid the 
wrack line (dead organic matter: seaweed, grasses, driftwood) while conducting cleanup activities and 
traveling to and from locations. 

Shoreline All Year-round 
Staging areas and waste collection areas should be examined prior to set up and should be located off 
beaches, dunes, scrub and other vegetated areas.  

Shoreline All Year-round 
Perform site visits and work from waterway, paved surfaces, or existing roadways whenever possible to 
minimize impacts to sensitive habitats. 

Shoreline All Year-round 
Use designated staging areas and existing or designated travel corridors. Avoid impacts to dunes and 
vegetation (marsh, mangrove, upland). 

Shoreline Gulf beaches Year-round 
Minimize ruts and scarps. Restore the beach surface to its original profile once cleanup operations are 
completed.  

Whooping crane Onshore, bays October 15 - April 15 

If a whooping crane is observed, maintain a 1,000-foot buffer from the crane and notify a FWS 
representative or the whooping crane coordinator. (Primarily in Matagorda, Calhoun, Aransas, and Nueces 
counties.) 

Whooping crane Onshore October 15 - April 15 

If equipment or structures are 15 feet in height or taller, lower the structure at night if possible. If not 
possible to lower the structure, mark the structure to minimize impacts to whooping cranes. (Primarily in 
Matagorda, Calhoun, Aransas, and Nueces counties.) 

Wildlife All Year-round 
Avoid collisions with and injury to all wildlife (e.g., marine mammals, sea turtles, bird colonies, etc.). Report 
injured wildlife to the appropriate wildlife agency.  

Wildlife All Year-round 
If possible, avoid skimming operations where marine mammals or sea turtles have been spotted; stop 
operations until the animal is outside the operations area.   
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Wildlife All Year-round 
Animals entrained in oil recovered during skimming operations should be removed from oil as quickly as 
practicable.  

Wildlife All Year-round 
If a sea turtle or marine mammal is observed trapped or entangled in a boom, open the boom carefully until 
the animal leaves on its own. 

Wildlife All Year-round 
Boom should be inspected frequently to ensure appropriate position (floating and out of marshes). Boom 
should not entangle or entrap wildlife or create a barrier to animal movement. 

Wildlife All Year-round Remove all personal and response trash or anything that would attract wildlife to work areas. 

Wildlife All Year-round 

Any fish or wildlife injured or killed during response activities, or discovery of these killed or injured 
resources during response operations, must be reported to the appropriate wildlife agency for proper 
determination and action. 

Wildlife All Year-round 

Report any distressed or dead marine mammals or sea turtles to the stranding networks. Texas Marine 
Mammal Stranding Network Hotline: 800-962-6625; Texas Sea Turtle Stranding and Salvage Network: 
866-887-8535. 

Wildlife All Year-round 
Resource Advisors should check work corridor ahead of mechanical cleaning equipment for evidence of 
sea turtles, turtle crawls, shorebirds, and other areas to avoid.     

Wildlife All Year-round Stakes or flagging placed by the Environmental Unit should not be removed or destroyed. 

Wildlife All Year-round Do not apply dispersant within 2 nautical miles of sighted marine mammals or sea turtles. 

Wildlife All Year-round 
To reduce the possibility of bottlenose dolphin and other wildlife entanglement in the lazyline, use a stiffer 
line such as a crab lay.  
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Aplomado falcon Onshore March - June 
Maintain 1,000-foot buffer from northern aplomado falcon nest structures (Matagorda County south to Rio 
Grande).   

Birds All Year-round Avoid hovering and landing aircraft near known, posted, or observed areas of high bird concentrations. 

Birds All Year-round 

If using air boats, maintain a distance of 1,000 feet from high bird use areas to minimize disturbance. 
Contact the Environmental Unit to ensure proper permits have been obtained to conduct air boat 
operations in National Wildlife Refuges. 

Cultural resources All Year-round 
Native American and historic artifacts (e.g., pot shards and arrowheads) must not be collected or 
disturbed.  

Cultural resources All Year-round Any human graves or burial sites must be reported to the State Historic Preservation Officer (SHPO). 

Cultural resources All Year-round 

When activity occurs within 300 feet of a sensitive cultural resource as indicated by the Environmental Unit, 
a qualified archaeologist or other qualified historic preservation professional must be present to monitor the 
work. 

Cultural resources All Year-round 

Any activities being undertaken at, on, or near any known historic structure, site, vessel, etc., should first 
be reported to the SHPO representative. Contact the State or Federal SSC for assistance. Contact the 
SHPO representative if archaeological sites are encountered during the course of work. 

Marshes Bays, inland waters Year-round 
Marsh vegetation should not be cut or burned, unless approved by the Environmental Unit. Equipment and 
supplies should not be staged on the marsh or in other vegetated areas. 

Marshes Bays, inland waters Year-round 
Water channels shall be used for navigation through marshes. Under no circumstances shall vessels run 
over the top of or across marsh grasses. Stopping or landing a vessel on top of marshes is prohibited. 

Marshes Bays, inland waters Year-round 

Access into marshes should be minimized to avoid disturbing the root systems that could lead to shoreline 
erosion, water quality degradation, and turbidity. All vessel approaches to marshes shall be limited to 
grounding the bow of the vessel on the fringe of the marsh, avoiding landing directly on top of marsh 
grasses as much as possible. 

Marshes Bays, inland waters Year-round 
Use low-pressure tire vehicles (e.g., ATVs, Gators) when practical and consult with the Environmental Unit 
on procedures to minimize impact. 

Marshes Bays, inland waters Year-round 

Do not create unnatural ruts, channels, dikes, or drainage routes and do not re-use previously made 
tracks. Multiple trips through the same area should be avoided. Plan ahead to reduce trips. Ruts will occur 
regardless of precautions taken, so be prepared to repair them. Air boats can be effective in smoothing 
ruts. 

Marshes Bays, inland waters Year-round 
When transit in marshes can't be avoided, vehicles with wide tracks, wide tires, or specially designed and 
temporary mats should be used to spread out the weight of equipment and reduce compression. 

Marshes Bays, inland waters Year-round 

All foot traffic in marshes will be done on walking boards, with no direct foot traffic in the marsh. No foot 
traffic or other entry by response personnel or equipment should occur in un-oiled areas unless approved 
by the Environmental Unit. 
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Marshes Bays, inland waters Year-round 

If pollution target location is inaccessible or access with heavy equipment would result in unacceptable 
habitat damage relative to that posed by the pollution threat, then specialized operations may be needed to 
minimize impacts. Such operations shall be closely coordinated with the Environmental Unit. 

Piping plover, red knot Gulf beaches End of July - mid May 

Check under and around vehicles and heavy equipment parked on the beach before they are moved. Be 
aware that piping plovers are especially vulnerable during periods of cold temperature and when they are 
roosting at night, and extra care should be taken at these times.  

Piping plover, red knot Gulf beaches Year-round Avoid deliberately flushing birds. 

Sargassum Gulf of Mexico Year-round Avoid skimming or burning sargassum that is not oiled or very lightly oiled. 

Sea turtles Gulf beaches March 15 - October 1 

Verify sea turtle nesting activities with agency experts and begin onshore cleanup operations during 
daylight hours after sea turtle nesting surveys/conservation activities are complete.  If an unmarked nest or 
crawl is discovered, immediately contact the Wildlife Hotline/Environmental Unit for further instructions. 
Observe a 10-foot buffer from marked sea turtle nests. Work crews may be required to convoy behind a 
sea turtle spotter.  

Sea turtles Gulf beaches March 15 - October 1 
If a sea turtle is spotted, maintain at least 200 feet between the turtle and any beach cleanup activities and 
call the Wildlife Hotline/Environmental Unit. 

Sea turtles Gulf beaches March 15 - October 1 

If necessary, clean sand and sargassum can be placed on the foredune area adjacent to where it is 
removed. Sand and sargassum placement areas will have 10-20 foot gaps every 200 feet to allow nesting 
sea turtles to traverse these areas.  

Sea turtles Gulf of Mexico, bays Year-round A trained sea turtle observer is required for all in-situ burn operations. 

Sea turtles Gulf of Mexico, bays Year-round 
Sea turtle observer on the ignition vessel will monitor 3 areas prior to the burn (the area in front of the 
trawlers, oil concentrated in the boom, and any oil trailing behind the boom). 

Sea turtles Gulf of Mexico, bays Year-round 
A survey should be conducted in the burn area after the burn is complete and all dead sea turtles should 
be counted and if possible collected. 

Sea turtles Gulf of Mexico, bays Year-round 
Vessels should be equipped with the necessary equipment (dip nets, holding containers, towels, etc.) to 
capture and hold distressed or oiled sea turtles aboard the vessel.  

Sea turtles Gulf of Mexico, bays Year-round Retrieve injured/dead/oiled sea turtles using the NOAA Sea Turtle At-Sea Retrieval Protocol. 

Sea turtles Gulf of Mexico, bays Year-round Resuscitate any live, unresponsive sea turtles according to the NOAA sea turtle resuscitation guidelines. 

Sea turtles Gulf of Mexico, bays Year-round 
Safely release uninjured and unoiled sea turtles over the stern of the boat, when gear is not in use, the 
engine is in neutral, and in areas where they are unlikely to be recaptured or injured by vessels.  

Seagrass, oyster beds Bays, inland waters Year-round 

All vessels shall follow deep-water routes whenever possible; operate vessels at "no wake/idle" speeds at 
all times while in shallow water (less than 4 feet). Access over or into areas containing oyster beds or 
seagrass should be restricted to shallow draft boats or barges. Avoid prop washing and scouring. 
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Shorebirds Bays, inland waters Year-round 

Do not attempt to clean oiled tidal or sand flats without consulting natural resource agencies (piping plover, 
red knot, and other shorebird habitat). Avoid impacts to sand flats between the dunes and the bays 
(nesting areas for Wilson's and snowy plovers).  

Shoreline All Year-round Watercraft landings should be at designated areas; land or stage boats to avoid crushing vegetation. 

Shoreline All Year-round 
Select vehicles and equipment which are least likely to disturb soils/sediments and keep loading to a 
minimum to reduce ground pressure (on unpaved surfaces). 

Shoreline All Year-round Minimize ground-disturbing activities to as small an area as feasible to complete the task. 

Shoreline All Year-round 
Minimize removal of clean sediment, seaweed, and natural debris. Replace removed materials to their 
original location, if practical.  

Shoreline All Year-round 
Activities that may require removal of forested and shrub or scrub habitat require approval from the 
Environmental Unit. 

Shoreline All Year-round 

All heavy equipment should be as low on the beach as possible (unless oiled); when possible, avoid the 
wrack line (dead organic matter: seaweed, grasses, driftwood) while conducting cleanup activities and 
traveling to and from locations. 

Shoreline All Year-round 
Staging areas and waste collection areas should be examined prior to set up and should be located off 
beaches, dunes, scrub and other vegetated areas.  

Shoreline All Year-round 
Perform site visits and work from waterway, paved surfaces, or existing roadways whenever possible to 
minimize impacts to sensitive habitats. 

Shoreline All Year-round 
Use designated staging areas and existing or designated travel corridors. Avoid impacts to dunes and 
vegetation (marsh, mangrove, upland). 

Shoreline Gulf beaches Year-round 
Minimize ruts and scarps. Restore the beach surface to its original profile once cleanup operations are 
completed.  

Whooping crane Onshore, bays October 15 - April 15 

If a whooping crane is observed, maintain a 1,000-foot buffer from the crane and notify a FWS 
representative or the whooping crane coordinator. (Primarily in Matagorda, Calhoun, Aransas, and Nueces 
counties.) 

Whooping crane Onshore October 15 - April 15 

If equipment or structures are 15 feet in height or taller, lower the structure at night if possible. If not 
possible to lower the structure, mark the structure to minimize impacts to whooping cranes. (Primarily in 
Matagorda, Calhoun, Aransas, and Nueces counties.) 

Wildlife All Year-round 
Avoid collisions with and injury to all wildlife (e.g., marine mammals, sea turtles, bird colonies, etc.). Report 
injured wildlife to the appropriate wildlife agency.  

Wildlife All Year-round 
If possible, avoid skimming operations where marine mammals or sea turtles have been spotted; stop 
operations until the animal is outside the operations area.   
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Wildlife All Year-round 
Animals entrained in oil recovered during skimming operations should be removed from oil as quickly as 
practicable.  

Wildlife All Year-round 
If a sea turtle or marine mammal is observed trapped or entangled in a boom, open the boom carefully until 
the animal leaves on its own. 

Wildlife All Year-round 
Boom should be inspected frequently to ensure appropriate position (floating and out of marshes). Boom 
should not entangle or entrap wildlife or create a barrier to animal movement. 

Wildlife All Year-round Remove all personal and response trash or anything that would attract wildlife to work areas. 

Wildlife All Year-round 

Any fish or wildlife injured or killed during response activities, or discovery of these killed or injured 
resources during response operations, must be reported to the appropriate wildlife agency for proper 
determination and action. 

Wildlife All Year-round 

Report any distressed or dead marine mammals or sea turtles to the stranding networks. Texas Marine 
Mammal Stranding Network Hotline: 800-962-6625; Texas Sea Turtle Stranding and Salvage Network: 
866-887-8535. 

Wildlife All Year-round 
Resource Advisors should check work corridor ahead of mechanical cleaning equipment for evidence of 
sea turtles, turtle crawls, shorebirds, and other areas to avoid.     

Wildlife All Year-round Stakes or flagging placed by the Environmental Unit should not be removed or destroyed. 

Wildlife All Year-round Do not apply dispersant within 2 nautical miles of sighted marine mammals or sea turtles. 

Wildlife All Year-round 
To reduce the possibility of bottlenose dolphin and other wildlife entanglement in the lazyline, use a stiffer 
line such as a crab lay.  



Blue Marlin Offshore Port Tactical Response Plan 
 
Appendix B 
 
TGLO Resources At Risk 



Resources at Risk for Gulf Shoreline from Texas Point to Bolivar Roads, Texas 

I. Geographic Region Covered 

The region referred to in this report covers the Gulf of Mexico (GOM) shoreline from Texas 

Point to Bolivar Roads and offshore into the GOM.  

II. Shoreline Resources at Risk 

Shorelines around Texas Point include salt and brackish marshes, sheltered solid man-made 

structures, riprap, exposed tidal flats, and mixed sand and gravel beaches. The Gulf of Mexico 

shoreline from Texas Point to Bolivar Roads is primarily composed of fine-to-medium grained 

sand beaches and mixed sand and gravel beaches, with some beaches backed by salt and brackish 

marshes. 

III.  Biological Resources at Risk 

Threatened and Endangered Species 

Several federally and state listed species occur in the region (Table 1). 

Table 1.  Federally and State Listed Species Present along GOM Shoreline from Texas Point to 

Bolivar Roads and Offshore into the GOM 

Species Geography Activity/ 

Abundance 

Timing 

Reddish egret (state 

threatened) 

Bolivar Flats Present 

 

Jan-Dec 

 

Piping plover (state/federally 

threatened) 

All sand beaches, Bolivar 

Flats (high concentration) 

Present Jul-May 

Peregrine falcon (state 

threatened) 

GOM shoreline from Texas 

Point to High Island, 

Bolivar Flats 

Present 

 

Aug-Apr 

Red knot (federally 

threatened) 

GOM shoreline from 

Gilchrist to Bolivar Flats 

Present Mar-May, 

Aug-Nov 

Wood stork (state 

threatened) 

Mainland areas from Texas 

Point to High Island 

Present  Jun-Oct 

Kemp’s ridley sea turtle 

(state and federally 

endangered) 

GOM Present 

Common 

Apr-Nov 

Green sea turtle (state and 

federally threatened) 

GOM Present 

Occasional 

Mar-Nov 

Hawksbill sea turtle (state 

and federally endangered) 

GOM Present 

Occasional 

Mar-Oct 

Loggerhead sea turtle (state 

and federally threatened) 

GOM Present 

Occasional 

Jan-Dec 

 

Other Birds 

Sand beaches: Species present on sand beaches in the region include: black-bellied plover (year-

round, migrating Mar-May), black skimmer (year-round), brown pelican (year-round), gulls 



(year-round), sanderling (Aug-May, migrating Apr-May), ruddy turnstone (Jul-May), shorebirds 

(Jul-May), snowy plover (Jul-May), terns (year-round), willet (year-round, migrating Apr), and 

Wilson’s plover (Mar-Sep, nesting Apr-Jul). 

Marshes and mainland areas: Species present in marshes and mainland areas include:  

• Wintering waterfowl and marsh birds (arriving Sep-Nov; departing Mar-May): American 

bittern, American coot (high concentrations), American wigeon, bufflehead, Canada 

goose, canvasback, gadwall (high concentrations), greater white-fronted goose (high 

concentrations), green-winged teal (high concentrations), lesser scaup (high 

concentrations), mallard, northern pintail, northern shoveler (high concentrations), 

redhead, ring-necked duck (high concentrations), ruddy duck, snow goose (high 

concentrations), sora, and yellow rail. 

• Year-round residents (nesting months in parentheses): black rail, blue-winged teal (high 

concentrations, May-Jul), clapper rail (Feb-Sep), common moorhen (Mar-Oct), fulvous 

whistling duck (May-Aug), marsh birds, mottled duck (Feb-Aug), wading birds, and 

wood duck (Feb-Jul). 

Nearshore and offshore areas: Species present in nearshore and offshore areas include: pelicans 

(year-round), bufflehead (Nov-Mar), canvasback (Oct-Mar), cormorants (year-round), diving 

birds (year-round), diving ducks (Oct-May), greater scaup (Nov-Mar), grebes (Sep-Jun), gulls 

(year-round), lesser scaup (Oct-Apr), loons (Oct-May), magnificent frigatebird (May-Nov), 

masked booby (Mar-Oct), northern gannet (Oct-Apr), redhead (Oct-Mar), shearwaters (Aug-

Nov), and terns (year-round). 

Fish 

Table 2 provides information on fish that have sensitive life stages present (spawning and/or 

larvae or juveniles present) in the Gulf of Mexico in this region. 

Table 2. Gulf of Mexico from Texas Point to Bolivar Roads Fish Geography and Life History 

Summary 

Species Geography Spawning Larvae/Juveniles 

Atlantic croaker GOM Aug-Apr Apr-Nov 

Atlantic sharpnose 

shark 

GOM  Apr-Oct 

Atlantic spadefish GOM  Apr-Oct 

Bay anchovy GOM Mar-Nov Jan-Dec 

Black drum GOM Feb-Jul Mar-Jan 

Blacktip shark GOM  Mar-Dec 

Bonnethead shark GOM  Feb-Mar, Nov-Dec 

Bull shark GOM  Apr-Nov 

Crevalle jack GOM  Mar-Nov 

Finetooth shark GOM  May-Oct 

Florida pompano GOM  May-Dec 

Gray snapper GOM  Jan-Dec 

Greater amberjack GOM  Jan-Dec 



Gulf butterfish GOM  Jan-Dec 

Gulf menhaden GOM Jul-Oct  

Hardhead catfish GOM May-Sep  

Pinfish GOM Aug-Apr  

Red drum GOM Aug-Oct  

Red snapper GOM  Jan-Dec 

Sand seatrout GOM Mar-Sep Mar-Sep 

Sheepshead GOM  Jan-May 

Southern flounder GOM Sep-Feb Oct-Dec 

Spanish mackerel GOM May-Sep Mar-Nov 

Spinner shark GOM  May-Oct 

Spot GOM Dec-Apr  

Striped mullet GOM Oct-Dec  

 

Invertebrates 

Table 3 provides information on invertebrates that are common in the Gulf of Mexico in this 

region. 

Table 3. Gulf of Mexico from Texas Point to Bolivar Roads Invertebrate Geography and Life 

History Summary 

Species Geography Spawning Larvae/Juveniles Adults 

Atlantic seabob shrimp GOM   Oct-Jan 

Blue crab GOM  Jan-Dec  

Brief squid GOM Mar-Dec Jan-Dec Jan-Dec 

Brown shrimp GOM   Mar-Oct 

Lesser blue crab GOM  Mar-Dec  

White shrimp GOM Mar-Sep  Jan-Dec 

Atlantic ghost crab Gulf-facing sand beaches Apr-Apr  Jan-Dec 

Atlantic surfclam Gulf-facing sand beaches Mar-May  Jan-Dec 

Lettered olive Gulf-facing sand beaches   Jan-Dec 

Mole crab Gulf-facing sand beaches Apr-May  Jan-Dec 

Speckled swimming crab Gulf-facing sand beaches   Jan-Dec 

 

Marine Mammals 

Bottlenose dolphins are present year-round and calving in the Gulf.  

Other Reptiles 

Alligators may be present in marshes year-round and nesting from Jun-Dec.  

Terrestrial Mammals 

Northern river otter occurs on mainland areas from Texas Point to High Island. 

III.  Human-Use Resources 



In addition to the specific locations in Table 4, there are several access points along Bolivar 

Peninsula, west of High Island. There is a heliport at McFaddin National Wildlife Refuge 

(NWR). There is a boat ramp at Sea Rim State Park. Essential Fish Habitat occurs in the Gulf of 

Mexico for reef fish, coastal migratory pelagics, and shrimp.  

Table 4. Human-use Resources along the Gulf Shoreline in the Texas Point to Bolivar Roads 

Region 

Type Name Location 

Audubon Bolivar Flats Shorebird 

Sanctuary 

Bolivar Flats 

Park Sea Rim State Park South of Knight Lake to 

south of Wiseman Lake 

USFWS McFaddin NWR East of High Island to west of 

Salt Lake 

USFWS Texas Point NWR Texas Point to south of 

Knight Lake 

USFWS Piping Plover Designated 

Critical Habitat 

Bolivar Flats  

 



Resources at Risk for Sabine Lake and Neches River Region 

I. Geographic Region Covered 

The Sabine Lake and Neches River Region referred to in this report covers the Sabine and 

Neches Rivers, Sabine Lake, and Sabine Pass.  

II. Shoreline Resources at Risk 

Sabine and Neches Rivers: The shoreline of the Sabine River is primarily composed of salt and 

brackish marshes, swamps, freshwater marshes, sheltered rocky shores, and pockets of exposed 

solid man-made structures and exposed scarps and steep slopes in clay. The shoreline of the 

Neches River is primarily composed of salt and brackish marshes, swamps, freshwater marshes, 

scarps and steep slopes in sand, exposed scarps and steep slopes in clay, sheltered rocky shores, 

and pockets of exposed solid man-made structures.   

Sabine Lake: The shoreline along Sabine Lake is predominantly riprap, exposed solid man-made 

structures, exposed scarps and steep slopes in clay, salt and brackish marshes, and pockets of 

sheltered solid man-made structures and a few sand beaches.  

Sabine Pass: The shoreline along Sabine Pass is predominantly exposed and sheltered solid man-

made structures, salt and brackish marshes, riprap, exposed scarps and steep slopes in clay, and 

sheltered tidal flats. 

III.  Biological Resources at Risk 

Threatened and Endangered Species 

Several federally and state listed species occur in the region (Table 1). 

Table 1.  Federally and State Listed Species Present in Sabine Lake and Neches River 

Species Geography Activity/ 

Abundance 

Timing 

Bald eagle (state threatened) North of Bessie Heights 

Marsh 

Present 

Nesting 

Jan-Dec 

Oct-Jul 

White-faced ibis (state 

threatened) 

Orange, TX Present 

Nesting 

Jan-Dec 

Feb-Aug 

Wood stork (state 

threatened) 

Neches River east of 

McFaddin Bend Cutoff 

Present  Jun-Oct 

West Indian manatee (state 

endangered, federally 

threatened) 

All inland waters Present 

Very rare 

Jun-Aug 

Kemp’s ridley sea turtle 

(state and federally 

endangered) 

Sabine Pass, Sabine Lake, 

lower reaches of Sabine 

and Neches Rivers 

Present 

Common 

Apr-Nov 

 

Other Birds 

Sabine River: Species present around the Sabine River include: dabbling ducks (Sep-May), 

osprey (Sep-May), wading birds (year-round), and waterfowl (year-round).  



A colony of up to 3600 pairs of birds occurs in Orange just off the Sabine River; species include 

(nesting months in parentheses): anhinga (Apr-Jun), cattle egret (Apr-Jul), great blue heron (Feb-

Jun), great egret (Mar-Jul), little blue heron (Apr-Jul), neotropic cormorant (Feb-Oct), roseate 

spoonbill (Apr-Aug), tricolored heron (Apr-Aug), white-faced ibis (Feb-Aug, state threatened), 

and white ibis (Feb-Jul). Double-crested cormorants (present Oct-May) are also present at this 

colony. 

Neches River: Birds present around the Neches River include: black-necked stilt (Feb-Oct), 

dabbling ducks (Sep-May), dowitchers (Jul-May), dunlin (Sep-May), killdeer (year-round), 

marsh birds (year-round), mottled duck (year-round, nesting Feb-Aug, molting Jun-Aug), osprey 

(Sep-May), shorebirds (Jul-May), wading birds (year-round), waterfowl (year-round), western 

sandpiper (year-round), willet (year-round), and yellowlegs (Jul-May).  

Two colonies with several hundred pairs of birds each occur south of McFaddin Bend Cutoff; 

species include (nesting months in parentheses): anhinga (Apr-Jun), black-crowned night-heron 

(Apr-Aug), cattle egret (Apr-Jul), great egret (Mar-Jul), little blue heron (Apr-Jul), neotropic 

cormorant (Feb-Oct), roseate spoonbill (Apr-Aug), snowy egret (Apr-Jul), tricolored heron (Apr-

Aug), and yellow-crowned night-heron (Apr-Sep). 

Sabine Lake: The following species winter on Pleasure Island (arriving Sep-Nov; departing Mar-

May): American white pelican, bufflehead, canvasback, common goldeneye, common loon (high 

concentration), dabbling ducks, diving ducks, ruddy duck, and scaup. Waterfowl and terns are 

present year-round. Diving birds (year-round) and diving ducks (Oct-May) are present on Sabine 

Lake. The following species are present on the southern half of Pleasure Island: black-necked 

stilt (Feb-Oct), dowitchers (Jul-May), dunlin (Sep-May), killdeer (year-round), shorebirds (Jul-

May), western sandpiper (year-round), willet (year-round), and yellowlegs (Jul-May).  

A colony with up to approximately 200 pairs of birds occurs on the north end of Pleasure Island; 

species include (nesting months as above): cattle egret, great egret, little blue heron, neotropic 

cormorant, roseate spoonbill, snowy egret, tricolored heron, and yellow-crowned night heron. 

Double-crested cormorants (present Oct-May) are also present at this colony. A least tern colony 

with 14 pairs of birds (present Mar-Oct, nesting Apr-Sep) is present on southern Pleasure Island. 

Sabine Pass: A high concentration of shorebirds (Jul-May) occurs on the Sabine Pass jetty. The 

following birds are present year-round at Sabine Pass: pelicans, cormorants, diving birds, gulls, 

and terns. Diving ducks are present Oct-May. 

Fish 

Table 2 provides information on fish that have sensitive life stages present (spawning and/or 

larvae or juveniles present) in the Sabine Lake and Neches River Region. 

Table 2. Sabine Lake and Neches River Region Fish Geography and Life History Summary 

Species Geography Spawning Larvae/Juveniles 

Alligator gar Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Atlantic croaker Sabine and Neches Rivers and connected 

waters, Sabine Lake 

 Jan-Dec 

Atlantic spadefish Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jul-Oct 



Bay anchovy Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Mar-Nov Jan-Dec 

Bay whiff Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jul-Aug 

Black drum Sabine and Neches Rivers and connected 

waters, Sabine Lake 

 Jan-Dec 

Blue catfish Bessie Heights Marsh waters  Jan-Dec 

Bull shark Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Apr-Nov 

Crevalle jack Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jun-Aug 

Gafftopsail catfish Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Apr-May Apr-Oct 

Gizzard shad Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Gulf killifish Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Mar-Sep Jan-Dec 

Gulf menhaden Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Hardhead catfish Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

May-Aug Mar-Nov 

Pinfish Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Apr-Oct 

Red drum Sabine and Neches Rivers and connected 

waters, Sabine Lake 

 Jan-Dec 

Sand seatrout Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Sheepshead Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Silver perch Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

May-Sep May-Nov 

Silversides Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Mar-Aug Jan-Dec 

Southern flounder Sabine and Neches Rivers and connected 

waters, Sabine Lake 

 Jan-Dec 

Spanish mackerel Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Sep-Oct 

Spot Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Spotted gar Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Apr-May Jan-Dec 

 

Spotted seatrout Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

Apr-Oct Apr-Nov 



Striped mullet Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jan-Dec 

Tarpon Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Mar-Nov 

White mullet Sabine and Neches Rivers and connected 

waters, Sabine Lake, Sabine Pass 

 Jun-Sep 

 

Invertebrates 

Table 3 provides information on invertebrates that are common in the Sabine Lake and Neches 

River Region. 

Table 3. Sabine Lake and Neches River Region Invertebrate Geography and Life History 

Summary 

Species Geography Spawning Larvae/Juveniles Adults 

Atlantic rangia Sabine Lake, Sabine and Neches 

Rivers and adjacent waters 

Mar-Oct Jan-Dec Jan-Dec 

Blue crab Sabine Lake, Sabine and Neches 

Rivers and adjacent waters 

Mar-Nov Jan-Dec Jan-Dec 

Brown shrimp Sabine Lake, Sabine and Neches 

Rivers and adjacent waters 

 Mar-Dec  

Grass shrimp Sabine Lake, Sabine and Neches 

Rivers and adjacent waters 

Jan-Dec Jan-Dec Jan-Dec 

White shrimp Sabine Lake, Sabine and Neches 

Rivers and adjacent waters 

 May-Dec Mar-Jan 

Eastern oyster Southern Sabine Lake Mar-Dec  Jan-Dec 

 

Other Marine Mammals 

Bottlenose dolphins are present year-round and calving in Sabine Pass and the southern portion 

of Sabine Lake.  

Other Reptiles 

Alligators may be present in marshes year-round and nesting from Jun-Dec.  

Terrestrial Mammals 

Northern river otter occurs in and around Sabine Lake and Bessie Heights Marsh. Muskrat and 

swamp rabbit occur in Bessie Heights Marsh. 

Benthic 

An oyster reef is present northwest of Mesquite Point, in the southern portion of Sabine Lake.  

IV.  Human-Use Resources 

In addition to the specific locations in Table 4, boat ramps occur throughout the area, and water 

intakes are located along the Neches and Sabine Rivers. Essential Fish Habitat occurs in the 



Sabine Lake and Neches River Region for red drum, reef fish, coastal migratory pelagics, and 

shrimp.  

Table 4. Human-use Resources in the Sabine Lake and Neches River Region 

Type Name Location 

Historical site Port Arthur – Orange Bridge Eastern end of Neches River 

Marina Allen & Cleo’s Boat Storage 

and Marina 

Adams Bayou 

Marina Beaumont Yacht Club Neches River just north of I-

10 

Marina St. Nick’s Marina Sabine River at Orange 

Harbor Island 

Marina Pleasure Island Marina Central Pleasure Island 

TPWD management area Lower Neches WMA North of Neches River 

between Bridge City and Port 

Neches and west of Cutoff 

Island in Sabine River 

TPWD management area Thermal Game Fish Refuge Bessie Heights Marsh 

Houston Audubon 

management area 

Sydney Island Sydney Island 

Coast Guard Sabine Station Sabine Pass 

Heliport Arco Sabine Sabine Pass 

Heliport MFS Sabine Pass Sabine Pass 

Historical site Sabine Pass Battleground Sabine Pass 

Marina Sabine Pass Port Authority Sabine Pass 

TPWD management area Sheldon Lake State Park Sabine Pass 
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