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1. INTRODUCTION 
 

AMEC Earth & Environmental, a Division of AMEC Americas Limited (AMEC) has undertaken 

spill trajectory modelling and analysis for the accidental release of hydrocarbons as they relate to 

the Hebron Comprehensive Study Report (CSR). This includes consideration of activities 

associated with construction nearshore in Bull Arm, Trinity Bay, Newfoundland, and offshore as 

part of oil production on the Grand Banks of Newfoundland.  This report is structured as follows: 

Section 2 presents an overview of the spill model; Section 3 presents the nearshore spill 

modelling; Section 4 presents the offshore spill modelling; and References are presented in 

Section 5. 

2. MODEL THEORY OVERVIEW 
 

An oil spill trajectory model is defined for purposes of the present discussion as a computerized 

sequence of calculations designed to predict some aspects of the behaviour of oil spilled on the 

surface of water.  Such behavioural aspects may include the transport (advection), and/or the 

spreading, and/or the weathering of spills.  Attention is generally restricted to the behaviour of 

oil on the sea surface. 

 

Oil spill trajectory scenario models (as distinguished from real-time models) are typically 

employed to provide a prediction of potential spill behaviour.  Scenario models attempt to 

predict typical (or most probable) and extreme answers, for a given spill site, to such questions 

as: 

 

 What is the likely speed and direction of slick motion? 

 What combination of environmental (wind and current) conditions generates the most 

severe spill scenario? 

 How frequently do such conditions occur? 

 

A distinction is drawn between the two basic types of scenario models: deterministic and 

statistical.  The differences relate not so much to the mechanics of the model but to the nature of 

wind and current data input to the model.  A deterministic scenario model employs actual or 

hindcast data as input to the advection aspect of its calculations.  These data may possibly be 

modified to be made more representative of the site under consideration, but the root of the input 

is a measured or hindcast time-series of values.  Deterministic scenario model mechanics are 

such that input of a given data series will always yield the identical predicted output.  Thus, to 

gain statistical significance in the interpretation of output, deterministic models must be run on a 

variety of input data sets or must group predictions by some appropriate time average (such as 

monthly).  Experience with the AMEC model indicates that having at least 600 predictions yields 

good confidence in the overall resultant statistics for a given month.  For example, this would 

equate to having 20 years of conditions for each of 30 days in a month. 
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In contrast, the statistical variety of scenario model employs some volume of measured data as a 

standard or guide to creating a synthetic input data set.  This approach is most commonly 

encountered with wind input.  The synthetic data, generated by some statistical process (Monte 

Carlo simulation, Markov chain) employing a random number generator, are the input to the 

scenario model.  Each iteration of the model, commencing with a specific set of fixed parameters 

except for the random number seed used in the synthesis, which changes each time, will generate 

a distinctly different predicted output.  Such models must also be run a sufficient number of 

times to assure statistical significance in the interpretation of the output data.   

 

The AMEC spill trajectory model is a scenario model of the deterministic variety.  It was 

developed initially for use offshore eastern Canada in the early 1980's and has been used on 

numerous occasions since (e.g., Newfoundland Transshipment Terminal Project, Environmental 

Assessment, 1996, McKenna and McClintock, 2005)  Most recently for the offshore, the model 

was used as part of delineation drilling screening for the Norsk Hydro and Husky Energy 2006 

program at West Bonne Bay F-12, Offshore Newfoundland (AMEC, 2006).  Nearshore, the 

model was used for predicting potential spill fate and transport in Placentia Bay in support of the 

Long Harbour Commercial Nickel Processing Plant (AMEC, 2007). 

2.1 Model Geometry 
 

The transport (and spatial extent) and fate of a spill is modelled as a function of time.  A spill 

time step is assigned which is appropriate for the geographic scale and model grid of the study 

area and the wind and current conditions which will be used in the model to transport the spill.  

At each time step in the model a new location and spill volume is calculated.  Selection of too 

large a time step may yield to inaccurate results.  Too small a time step makes for overly 

intensive computations in the model.  For the Trinity Bay domain, a time step of 15 minutes is 

appropriate (using winds for the given hour over each of those four time steps).   

 

A grid is employed in the model to track the spatial extent of the spill.  The grid serves three 

simultaneous purposes, these being: (i) it serves as the gridded coordinate system for the 

computation of successive displacements of the slick over each time step; (ii) it is the spatial grid 

upon which the winds and surface current vectors are mapped; and (iii) it provides a coordinate 

system for summarizing the predicted first contacts with the shorelines.  This single grid is 

therefore referenced at various times as the model or computational grid, the wind or current 

grid, and the external grid. 

 

2.1.1 Nearshore Model Grid 
 

The model grid is a Cartesian grid which includes Bull Arm and covers the head of Trinity Bay 

as far north as Deer Harbour on the western shore and Heartôs Content on the eastern shore.  The 

model grid has its origin at 47 55' N latitude, 53 57' W longitude, and extends eastward to 

53  21' W longitude and southward to 47 30' N latitude.   

 

Grid element dimensions are defined as 7.5ò latitude, or 231 m in the north-south (Y) direction 

and 12ò longitude, or 249 m in the east-west direction.  The choice of a Cartesian grid requires 
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the specification of a fixed east-west (X) grid scale, and consequently demands the Mercator 

projection of land elements on the grid.  The computational grid is of minimal consequence to 

the model user who is simply interested in viewing printed and plotted model output.  All results 

appearing as printed output refer to geographical coordinates and distances which are exactly 

computed and are independent of grid dimensions.  Model output plots of oil distribution 

probabilities represent all computational grid elements as appropriately scaled rectangles and 

thus are valid as representing correct relative positions. 

 

Along with the geographical (longitude, latitude) coordinates and the Cartesian (X, Y) 

coordinates employed with the computational grid, a column (J) and row (I) coordinate system is 

also imposed to identify grid elements.  In the present case, with the grid spanning 12ô of 

longitude and 36ô of latitude, and with 12ò by 7.5ò grid element definitions, these latter 

coordinates range as follows: 

 

Column (J) 1 - 180 

Row  (I) 1 - 200 

 

The computational grid boundaries are shown as a blue rectangle in the spill probability figures 

below. 

 

2.1.2 Offshore Model Grid 
 

For the offshore model domain, the grid is a Cartesian grid covering a major portion of the Grand 

Banks, with its origin at 50 00' N latitude, 53 00' W longitude, and extending eastward to 

39  00' W longitude and southward to 42 00' N latitude.  Grid element dimensions are defined 

as 3.75' latitude, or 6.9 km in the north-south (Y) direction and 2.5' longitude, or 3.2 km in the 

east-west direction.  The choice of a Cartesian grid requires the specification of a fixed east-west 

(X) grid scale.  Table 2-1 summarizes the grid setup. 

 

Table 2-1  Spill Model Grid Setup: Offshore 

 
 

Full Grid Size 

 

Cell Size (latitude x 

longitude) 

 

 

Domain 

 

latitude longitude 
# 

rows 

# 

columns 

latitude 

(km) 

longitude 

(km) 
latitude longitude 

Grand 

Banks 

8° 

 

42°-

50°N 

12° 

 

039°-

051°W 

128 288 888 
925 

(at 46°N) 

3.75ô 

or 

6.9 km 

2.5ô 

or 

3.2 km 

  

grid mid-latitude is at 46°N 
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In company with the geographical (longitude, latitude) coordinates and the Cartesian (X, Y) 

coordinates employed with the computational grid, a column (J) and row (I) coordinate system is 

also imposed to identify grid elements.  In the present case, with the grid spanning 12 of 

longitude and 8 of latitude, and with 3.75' by 2.5' grid element definitions, these latter 

coordinates range as follows: 

 

Column (J) 1 - 288 

 

Row  (I) 1 - 128 

 

The computational grid boundaries are shown as a gold rectangle in the spill probability figures 

below. 

 

2.2 Transport (Advection) 
 

A simple transport computation is employed to simulate the advection of a point (assumed to 

represent the centroid of a slick) through two-dimensional space (representing the sea surface).   

 

At any given time the point is assumed to be subject to two independent displacing forces.  The 

presence of an ocean surface current is assumed to displace the point (centroid) in the direction 

of the current at 100% of the current speed.  Simultaneously, but independently, the presence of 

wind is assumed to generate an instantaneous surface current directed 10° (Westeng, et al., 1977) 

to the right of the wind (in the northern hemisphere) and having a magnitude of 3.0 to 3.5% of 

the wind speed.  A value of 3.5% is used in the model. This current is also assumed to directly 

transport the slick.  Over the time-step of the available wind data the displacements due to 

surface current and due to wind-driven surface currents are vectorially added to yield a new slick 

position.  Sequential vector additions are computed over each successive time-step until the 

simulation terminates on one of two endpoint conditions: 

 

 a coastal boundary is reached; or 

 an external grid boundary is reached. 

 

A third possibility for ending a trajectory in the model is if the percent oil weathered rises above 

95%. The selection of the current vector and the wind vector to be employed in the transport 

computation at any given time during the simulation is determined strictly by the present location 

of the slick centroid.   

 

2.2.1 Nearshore Model Time Steps 
 

For the present model implementation, the wind velocity is available hourly.  Due to the short 

distances to shore, a sub interval of 15 minutes is employed, where the winds and currents for a 

given hour are used at each of the four substeps in that hour.   

 



Spill Trajectory Modelling for the Hebron Project 
 

Rev. A  5 
April 2010 
 

2.2.2 Offshore Model Time Steps 
 

For the implementation of the offshore model, the wind velocity vectors at the four corner grid 

points surrounding the present spill position are identified.  These four vectors are decomposed 

into Cartesian coordinates, the components of each are weighted in inverse proportion to the 

distance between the present spill position and the pertinent grid point, with the sum of the 

weighting factors being equal to one.  The components of the interpolated vector are determined 

by summing the four weighted contributions to yield the wind representative of the present spill 

position, as illustrated in Figure 2-1. 

 

For currents, the resolution of available data is sufficiently fine (Section 3.4) that the ocean 

current value nearest the model grid cell in which the present spill location is located at a given 

time step can be used.  A one hour time step is employed. 

 

 
Figure 2-1  Interpolation Scheme 

 

2.3 Weathering 
 

The scenario trajectory model is provided with a switch to globally control the use of weathering 

routines.  If weathering routines are enabled, a series of subroutines are executed after the 

displacement computation (described above) is completed in each time step.  The processes of 

evaporation and vertical dispersion are simulated to yield estimates of the total volume of oil 
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remaining.   This is expressed as a percentage of initial spill volume. If weathering is switched 

off, these calculations are omitted. 

 

Conventional tugs were considered as the source of accidental release of fuel.  Depending on the 

actual vessel, fuel capacities for these types of vessel are on the order of 38 to 150 m
3
 (Atlantic 

Towing Limited, 2009).    The bunker fuel used to power the tugs operating in the nearshore area 

is assumed to be IFO 180, which may vary slightly in composition depending on source.  

Parameters for this fuel have been derived from the Environment Canada (2003) database. 

 

Evaporation 

 

2.3.1 IFO 180 Fuel: Nearshore 
 

Evaporation of IFO 180 fuel is simulated using an empirical relationship from the Environment 

Canada Oil Properties Database (Environment Canada, 2003), which is defined as follows: 

 

 % evaporated = (ï0.12 + 0.013 Ts) t
 1/2

 

 

where Ts is the (sea) surface temperature in C, and t is time in minutes, so that greater 

evaporation occurs at warmer surface temperatures. 

 

As reported in the CSR Oceanography Section 3.1, mean monthly near-surface sea temperatures 

in Bull Arm near the spill site range from about -0.4 C in February to 11C in September.  For 

the four seasonal scenarios considered here, the values employed are shown in Table 2-2 

 

Table 2-2  Bull Arm, mean monthly near-surface sea temperatures  

 
 January  April  July  October  

Mean near-surface 

sea temperature ( C) 
1.1 2.1 7.8 8.4 

Source: Fisheries and Oceans Canada, 2009 

 

 

 

Additional Weathering Considerations 

 

The U.S. National Oceanic and Atmospheric Administration (NOAA) Office of Response and 

Restoration oil weathering model software for Automated Data Inquiry for Oil Spills (ADIOS2) 

(http://response.restoration.noaa.gov ) can also be used for prediction of possible evaporation, 

dispersion and remaining percentage for a given spill scenario where the user defines an oil 

product type, weather conditions, properties of the receiving water, and the amount of oil 

released.  ADIOS2 is an initial oil spill response tool for emergency spill responders and 

contingency planner.  ADIOS2 integrates a library of approximately one thousand oils with a 

short-term oil fate and cleanup model to allow estimation of the amount of time that spilled oil 

will remain in the marine environment.  It is a tool that can be used to develop cleanup strategies.   

 

http://response.restoration.noaa.gov/
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To provide additional prediction of spill weathering, the IFO 180 Standard oil (Figure 2-2) was 

first selected.  To bracket the fall/winter and spring/summer wind, wave, and water temperature 

conditions, a winter and summer scenario were considered.  Mean winds, and a maximum wave 

value were chosen.  Figure 2-3 and Figure 2-4 present the scenario inputs together with output 

predictions of  amounts evaporated, dispersed and remaining.  In both winter and summer 

scenarios about 17% of the spill is predicted to evaporate, while negligible amounts are predicted 

to be dispersed in the water column.  This implies about 80% of the spill (less those amounts 

which may be recovered in response to the spill) will remain on the surface, or shorelines, after 

five days. 

 

  

  

 

Figure 2-2  Diesel fuel physical parameters modelling (Source: ADIOS) 
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Figure 2-3  ADIOS Weathering Prediction: January 
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Figure 2-4  ADIOS Weathering Prediction: July 
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A concise summary, prepared by NOAA, of characteristics of small diesel spills is also presented 

in Figure 2-5 and Figure 2-6 which may assist in assessing potential weathering fates and related 

consequences.  While the Bull Arm scenario spill size of 120 m
3
 is larger than the 5000 gallon 

(19 m
3
) value noted here, the information should still have applicability. Of note are the 

distinction between diesel fuel and the heavier intermediate marine diesel fuel, the latter which is 

assumed to be the product here.  As noted, and evidenced in the ADIOS predictions, the marine 

fuel will persist longer than the lighter diesel fuel.  Diesel is also not very viscous or sticky, so 

that while porous shoreline sediments may be oiled, less-porous shorelines, e.g., those with a 

lower oil residence index time, may tend to be washed off due to wave or tidal flushing.  For the 

rocky shorelines in the Bull Arm area, this may be a likely scenario.   

 

2.3.2 Hebron Oil: Offshore 
 

Evaporation of Hebron oil is simulated using an empirical relationship from the Environment 

Canada Oil Properties Database (Environment Canada, 2003) which is defined as follows: 

 

)ln()045.001.1(% tTEvaporated s      (1) 

 

where Ts is the (sea) surface temperature in C , and t is time in minutes.  This empirical 

relationship is obtained at a temperature of 15C, under quiescent conditions, and not 

considering the possible effects of wind (Hollbone, 2010).  

 

From a recent review of the Ocean Science hydrographic database for area 45.5° to 47.5° N, 

47.5° to 49.5° W, which encompasses the Hebron region, the mean monthly sea temperatures for 

the depth range 0 to 5 m range have been used. These range from about -0.5 C for February to 

12 C for August. 

 

A set of separate oil weathering scenarios using the OILMAP software is also presented in 

Section 4.8.  These illustrate that wind (and associated wave conditions) is the factor that yields 

the greatest removal of oil from the slick.  This is consistent with the approach described above 

and implemented in the AMEC spill model. 
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Figure 2-5  Small Diesel Spills (500-5000 gallons): Characteristics (Source: NOAA, 2006) 
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Figure 2-6  Small Diesel Spills (500-5000 gallons): Weathering Processes and Time Scales 

(Source: NOAA, 2006) 

 












































































































































































