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Figure 13. Potential Polluters in the SUR2010044 Spill 

From Figure 13, we see that there are 7 vessels that went through the area of the spill. 

These vessels reported at least 12 positions each during this time, thus they offered an 

adequate number of vessel positions for analysis. Among the position sources, manual 

positioning and dead reckoning positioning were found. What makes this scenario 
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interesting is that some vessels suspected of polluting tend to make multiple trips 

through the area of the spill. So while we have 7 different vessels, there are 16 individual 

trips. Of these 7 different vessels, it was found that only 3 vessels, over the course of 4 

trips had passed through either the area of best guess or area of uncertainty of this spill. 

These trips and vessels are listed in Table 12. 

Table 12. Potential Polluters from the SUR2010044 Spill Event 

 
Vessel Name 

Hours prior to 
spill detection 

Distance in 
Best Guess 

Distance in 
Uncertainty Vessel Type 

1  
FRANCES 
BARKLEY (1) 12 0.35 0.31 

Canadian 
Passenger/Vehicle 
Vessel 

2 
FRANCES 
BARKLEY (2) 3 0.22 0.26 

Canadian 
Passenger/Vehicle 
Vessel 

3 
JACK BRUSCO  28 0 1.17 

Tug (United 
States) 

4 PACIFIC CREST  22 0.44 1.41 Tug (Australian) 
 

In this spill, the structure of the AHP is seen in Figure 14. 

Figure 14. The structure of the SUR2010044 Spill Event AHP (where the nodes represent 
each transit) 
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The criteria pairwise comparison matrix is the same as that from the SUR2010060 Spill 

Event. 

 
time (hrs) 

best guess 
(Nm) 

uncertainty 
(Nm) 

time (hrs) 1.00 5.00 6.00 
best guess (Nm) 0.20 1.00 3.00 
uncertainty (Nm) 0.17 0.33 1.00 

 

Thus, the eigenvector is identical to that from the SUR2010060 spill event, (0.7172, 

0.1947, 0.0881), and the CR is 0.081 which shows consistency in this approach. 

For the time that a vessel traveled past the area of the spill prior to detection, similar 

time windows of 8 hours were applied. Table 13 shows the ranking of the 4 vessels.  

Table 13. Categorization of the possible polluters in the SUR2010044 Spill Event by time 
traveled prior to spill detection 

Vessel Name 

Time 
traveled 

prior to Spill 
Detection 

(hrs) Category 
FRANCES 

BARKLEY (1) 12 2 
FRANCES 

BARKLEY (2) 3 1 
JACK BRUSCO 28 4 
PACIFIC CREST 22 3 

 

The respective matrix corresponding to Table 13 is shown in Table 14. The eigenvector 

was calculated as (0.2772, 0.4673, 0.954, 0.1601) with a CR of 0.018. 
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Table 14. The Pairwise Comparison Matrix based on Hours for the SUR2010044 Spill 

Event 

 

FRANCES 
BARKLEY (1) 

FRANCES 
BARKLEY (2) 

JACK 
BRUSCO 

PACIFIC 
CREST 

FRANCES BARKLEY (1) 1.00 0.50 3.00 2.00 
FRANCES BARKLEY (2) 2.00 1.00 4.00 3.00 
JACK BRUSCO 0.33 0.25 1.00 0.50 
PACIFIC CREST 0.50 0.33 2.00 1.00 
 

For the classification of the Best Guess and Uncertainty areas of the spill, the thresholds 

of 0.1 and 0.2 nautical miles were used, respectively. Table 15 shows the classification of 

each alternative. 

Table 15. Categorization of the possible polluters in the SUR2010044 Spill Event based 
on distance in the area of best guess and uncertainty 

 

Vessels 

Distance 
in Best 
Guess 

(Nautical 
Miles) 

Classification 
for Distance 

in Best 
Guess 

Distance in 
Uncertainty 

(Nautical 
Miles) 

Classification 
for Distance 

in Area of 
Uncertainty 

FRANCES 
BARKLEY (1) 0.35 4 0.31 2 
FRANCES 
BARKLEY (2) 0.22 3 0.26 2 
JACK BRUSCO  0 1 1.17 6 
PACIFIC CREST  0.44 5 1.41 7 

 

Following the same technique as for the time prior to detection criteria, with the end 

result yields eigenvectors of (0.2844, 0.1699, 0.0729, 0.4729) and (0.0751, 0.0751, 0.3329, 

0.5168) and CR values of 0.029 and 0.019 for the best guess and uncertainty areas, 

respectively. 

With all the eigenvectors computed, the rankings for each transit were made and the 

following results were found. 



56 
 

Table 16. Normalized results of the AHP process applied to the SUR2010044 Spill Event 

Vessels Normalized Results 
FRANCES BARKLEY (2) 0.3749 
FRANCES BARKLEY (1) 0.2608 
PACIFIC CREST 0.2524 
JACK BRUSCO 0.1120 

 

Thus the two transits of the Frances Barkley are ranked the highest followed closely by 

the Pacific Crest and the Jack Brusco. These numerical values are acceptable, however 

further scrutiny of the vessels is necessary. The Frances Barkley, shown in figure 15, is a 

passenger vessel that transits these waters twice a day, every day.  

 

Figure 15. The MV Frances Barkley 

For over 60 years, it has served as the mail and freight service that has run day trips 

between Alberni and Barkley Sound. This makes this vessel an unlikely polluter, thus 

raising the probability of the culprit being the Pacific Crest or the Jack Brusco. These 

two are foreign flagged tugs. In such a case, perhaps these vessels were towing another 

leaky vessel/object, where it would be worthwhile to enquire whether the Frances 

Barkley’s crew had noticed anything unusual about these two tugs.  
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5.2.1 Sensitivity Analysis on the AHP of the SUR2010044 Spill Event 

The weighting of the criteria matrix currently favours the criteria of time traveled prior to 

spill event, over the distances spent in the area of best guess and uncertainty. These are 

in the expert opinion of the author and this section compares the weighting schemes by 

changing the weights of each criterion, while holding the others constant. For example, 

the criteria of time traveled prior to spill detection can be changed from one to nine, 

while the distance in the area of best guess and uncertainty are held at five and nine, 

respectively. This has been done for each criteria individually and the normalized 

rankings of all 4 potential culprits are shown in Figures 16, 17 and 18. 

 

Figure 16. Normalized ranking of vessels as weight of the distance in area of best guess 
criteria varies from one to nine 
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Figure 17. Normalized ranking of vessels as weight of the distance in area of uncertainty 
criteria varies from one to nine 
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Figure 20. Historic Oil Spills (2008 – 2010) in the Agamemnon Channel 
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Figure 21. AIS Coverage from Texada Island and Bowen Island AIS Towers in relation to 

the SUR2010075 Spill Event 

 

 

5.4 The SUR2010071 Spill Event 

This particular spill that happened just north of Prince Rupert along the Hecate Strait 

was detected on October 28th at 21:49 UTC.  This spill was one of the smaller incidents 

of the year (0.3 L) and the location is plotted in Figure 22, with an aerial picture provided 

in Figure 23. 
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Figure 22. The SUR2010071 Spill Event near Prince Rupert 
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Figure 23. Aerial shot of Prince Rupert that depicts the approximate spill area  

 

This spill was modeled in GNOME, where it was found that under the conditions that 

existed prior to the detection of this small spill, it is likely that it occurred no more than 

12 hours prior to detection. This is the case because 100% of the best guess splots were 

beached under a 9 hour backcast, and again when checked at 12 hours prior to 

detection. Figure 24 shows the chronological drift sequence (every 3 hours for this spill), 

illustrating that a majority of the splots were no longer in play after going back 9-12 

hours prior to the detection of this spill. 
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Figure 24. The chronological drift sequence of the SUR2010071 Spill Event at an interval 
of 3 hours, a – 3 hours prior to spill detection, b – 6 hours prior to spill detection, c – 9 

hours prior to spill detection, d – 12 hours prior to spill detection 

 

Thus a bounding polygon was made based on beached splots after 12 hours to at least 

determine all vessel traffic in the area. It was then found that there were 3 vessels that 
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traversed the area over the three-day period (Table 18). 

Table 18. Vessels that passed by the SUR2010071 Spill Event Bounding Polygon 

Vessel Name # Reports 
Hours Prior to Spill 

Detection Vessel Type 
Cadal (1) 4 43 Tug 
Cadal (2) 7 58 Tug 

Castle Lake (1) 48 61 Tug 
Castle Lake (2) 19 42 Tug 

Igenika (1) 11 64 Tug 
Igenika (2) 12 43 Tug 

 

However from these results, no vessel was actually found to have travelled the area 

around the time to the detection of this spill, thus it was unlikely that any of these vessels 

were the culprits for this spill. The closest tracked vessel traversed the area almost 43 

hours prior to spill detection, which makes it a highly unlikely culprit. Due to the small 

size of this spill, it may very well have come from a non-reporting, small sized pleasure 

craft. In the future, AIS will be another source of data which may add context and help 

clarify the situation. Figure 25 shows the future approximate AIS coverage (40 nm) from 

the Mount Hayes AIS tower. 
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Figure 25. AIS Coverage from Mount Hayes AIS tower in relation to the SUR2010071 Spill 
Event 

 
5.5 The SUR2010059 Spill Events 
SUR2010059 represents 2 spill events that occurred near one another, 180 nautical miles 

offshore in the open ocean (Figure 26).   
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Figure 26. The SUR2010059 Spill Events 

 

For the purpose of this analysis, each spill will be analyzed individually (SUR2010059_1 & 

SUR2010059_2) and then collated to see if the analyses point to a single polluter.  
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For SUR2010059_1, from the splots file it appears that the spill came from the south-

western direction. For SUR2010059_2, a pattern of drifting from the north was seen. 

While wind patterns used were identical, the currents at each spill, approximately 43 

nautical miles apart, resulted in a different drifting pattern. Figure 27 shows the 

bounding polygon for each spill.  

 

The VTOSS (Figure 27) and LRIT (Figure 28) traffic data sets were both analyzed. Since 

LRIT provided sparse temporal coverage, it did not prove to be helpful on an inshore 

basis. However, it proved to be very helpful at the offshore level. In comparing the two 

data sources, VTOSS showed 1 vessel in the areas of these 2 spills, while LRIT showed 11 

different vessels to have gone through these areas. LRIT also accounted for the one 

relevant vessel that was captured with VTOSS. Thus LRIT was the only data source used 

for vessel traffic in the further analysis of these spills. The 11 vessels of interest are shown 

in Figure 29. 
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Figure 27. VTOSS Data around the SUR2010059 Spill Events 
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Figure 28. LRIT Traffic in and around the SUR2010059 Spill Event 
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Figure 29. Potential Polluters in the SUR2010059 Oil Spill Areas 

 

Since LRIT standard reports are at six-hour intervals, more processing is required than 

with VTOSS data, to calculate the intersection of a ship’s path with the projected spill 

area. Table 19 lists the possible polluters for the spill incident SUR2010059_1. 
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Table 19. Possible polluters for the SUR2010059_1 Spill Incident 

IMO Name Heading 
8708244 SOLAR WING Heading to US 
9059119 SUNNY NAPIER II Heading to US 
9111369 IDAS BULKER Leaving US 
9122887 SEVEN OCEAN Leaving US 
9162411 GLOBAL CHALLENGER Leaving US 
9205847 KIND SEAS Leaving US 
9206140 CRIMSON FOREST Leaving US 
9310721 JASMINE ACE Leaving US 
9310745 ANSAC KATHRYN Leaving US 
9384863 LASER ACE Heading to Canada 

 

On the assumption that vessels travelled in a straight line between each pair of 

reporting points, the straight distances through the areas of best guess, and uncertainty 

were measured the same way as previous spills using VTOSS. The time to spill was 

determined by calculating the approximate nautical mile per minute speed of a vessel 

and dividing this value by the distance to the bounding polygon.  

For example, for the ‘Ansac Kathryn’ that reported at exactly a 360 minute interval, the 

distance between the two position reports that straddled the bounding polygon of 

SUR2010059_1 was measured to be 107.74 nm. Thus its speed was approximately 0.299 

nm per minute. By measuring the distance of its position closest to shore, to the point at 

which the line intersects with the bounding polygon of the SUR2010059_1 spill, this 

distance (64.8 nm) is divided by the speed (nm/minute) to find the approximate 

difference in time from the first chronological position report. By adding this difference, 

the approximate time at which the vessel would have passed through the area of the 

spill is determined and used as a metric to provide the local, hourly polygons for the 

area of best guess and area of uncertainty.   

Among the possible polluters, the ‘Laser Ace’ was the only vessel headed to Canada 
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and the only possible polluter in the SUR2010059_2 spill event, while the other possible 

polluters were only applicable to the SUR2010059_1 spill and were either en route to or 

departing from the United States.  

For the SUR2010059_2 spill, table 20 shows all of the possible polluters along with the 

approximate time they passed by the area prior to the spill, along with the distance in 

the area of best guess and area of uncertainty.  

Table 20. Possible polluters in the SUR2010059_2 Spill Event 

IMO Name Hours prior to Spill 

Distance in 
Best Guess 
(nm) 

Distance in 
Uncertainty 
(nm) 

8708244 SOLAR WING 45 0.969 2.842 
9059119 SUNNY NAPIER II 55 0.000 3.551 
9122887 SEVEN OCEAN 18 0.000 0.045 
9162411 GLOBAL CHALLENGER 43 1.247 4.156 
9205847 KIND SEAS 67 0.000 3.027 
9206140 CRIMSON FOREST 71 0.000 4.864 
9310745 ANSAC KATHRYN 42 0.000 3.842 
9384863 LASER ACE 3 0.000 1.150 

 

Table 21 shows that the criteria pairwise comparison matrix is the same as the 

SUR2010059_2 Spill Event, where the time is only moderately more important compared 

to the distances in best guess and uncertainty areas. This is because the spill occurred in 

the open ocean and it is plausible that these spills may have occurred up to 72 hours 

prior to detection, as opposed to some of the inshore spills where splots were found to 

have beached prior to the full 72 hour simulation run duration.  

 

Table 21. Criteria Pairwise Comparison Matrix for the SUR2010059_2 Spill Event 

 
time (hrs) 

best guess 
(Nm) 

uncertainty 
(Nm) 
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time (hrs) 1.00 3.00 4.00 

best guess (Nm) 0.33 1.00 2.00 

uncertainty (Nm) 0.25 0.50 1.00 

 

From this matrix, the eigenvector is identical to that from the SUR2010059_2 spill event, 

(0.6250, 0.2385, 0.1365), and the CR is 0.016 which shows consistency in this approach. 

For the time a vessel traveled past the area of the spill prior to detection, a scale of 8 

hour intervals was applied. Table 22 shows the ranking according to elapsed time for 

each of the eight vessels  

Table 22. Time categorization of the possible polluter in the SUR2010059_2 Spill Event 

Vessel Name 
Time traveled prior to 

Spill Detection (hrs) Category 
SOLAR WING 45 6 
SUNNY NAPIER II 55 7 
SEVEN OCEAN 18 3 
GLOBAL CHALLENGER 43 6 
KIND SEAS 67 9 
CRIMSON FOREST 71 9 
ANSAC KATHRYN 42 6 
LASER ACE 3 1 

 

From the corresponding matrix built based on Table 22, the eigenvector was found to 

be (0.0821, 0.0522, 0.2381, 0.0821, 0.0252, 0.0252, 0.0821, 0.4129)  with a CR of 0.073.  

For the classification of the Best Guess and Uncertainty areas of the spill, distance scales 

of 0.5 and 1 nautical miles were used, respectively. Table 23 shows the classification of 

each alternative. 

Table 23. Classification of possible polluters in the SUR2010059_2 Spill Event based on 
the distance in the area of best guess and uncertainty 

Vessels 

Distance in 
Best Guess 

(Nautical 

Classification 
for Distance in 

Best Guess 

Distance in 
Uncertainty 

(Nautical Miles) 

Classification for 
Distance in Area of 

Uncertainty 
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Miles) 
SOLAR WING 0.969 2 2.842 3 
SUNNY NAPIER 
II 0.000 1 3.551 4 
SEVEN OCEAN 0.000 1 0.045 1 
GLOBAL 
CHALLENGER 1.247 3 4.156 5 
KIND SEAS 0.000 1 3.027 4 
CRIMSON 
FOREST 0.000 1 4.864 5 
ANSAC 
KATHRYN 0.000 1 3.842 4 
LASER ACE 0.000 1 1.150 2 

 

Following the same technique as for the time prior to detection criterion, we end up 

with eigenvectors (0.1750, 0.0904, 0.0904, 0.2823, 0.0904, 0.0904, 0.0904, 0,0904) and 

(0.0767, 0.1298, 0.0335, 0.02256, 0.1298, 0.2256, 0.1298, 0.0491) and CR values of 0.002 

and 0.022 for the best guess and uncertainty areas, respectively. 

With all the eigenvectors computed, the rankings for each transit were made and the 

results are shown in Table 24. 

 

Table 24. Ranked possible polluters in the SUR2010059_2 Spill Event 

Vessel Name Normalized Rank 
LASER ACE 0.2863 
SEVEN OCEAN 0.1750 
GLOBAL CHALLENGER 0.1494 
SOLAR WING 0.1035 
SUNNY NAPIER II 0.0719 
ANSAC KATHRYN 0.0906 
CRIMSON FOREST 0.0681 
KIND SEAS 0.0551 

 

From these results, we see that the ‘Laser Ace,’ the only vessel headed to Canada, is the 
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most likely polluter, while the ‘Seven Ocean’ and ‘Global Challenger’ finish as the 

second and third most likely polluters, respectively. Based on this spill along with the 

SUR2010059_1 spill event, it would appear that both spills came from a polluter headed 

towards or leaving Canada, since they were close in terms of temporal and physical 

vicinity. Thus especially as the ‘Laser Ace’ is only vessel amongst the other 7 vessels 

headed to Canada and the most likely polluter for event SUR2010059_1, the ‘Laser Ace’ 

is our most likely polluter in both of these events. 

A fact about the SUR2010059 spill events was that the polluter was actually caught in 

these events. The spills both came from the same polluter but that vessel (the M/T 

Champion, a Norwegian flagged vessel) was not detected in LRIT. The vessel was found 

by radar just prior to entering the Strait of Juan de Fuca, as seen in Figure 30. From LRIT 

statistics in Canada, about 80% of all SOLAS class vessels (300 GT or higher) are 

accounted for in this system. The vessel found to be responsible for these spills was an 

older vessel that was non-compliant to LRIT regulations, thus could not be found in the 

database for the purposes of this research. 
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Figure 30. The vessel track of the radar detected M/T Champion, in relationship to the 

SUR2010059 Spill Events 
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Chapter 6 Conclusion 
In this research, six oil spills, both inshore and offshore on the west coast of Canada 

were assessed to find the most likely polluter in each of these events. All six of these oil 

spills were hindcasted to find the possible areas of origin of these spills. In four of the six 

cases, there was adequate vessel traffic position information, where likely polluters were 

determined by using the Analytic Hierarchy Process to weight the time and location 

criteria. However further validation of this ranking has to be done with confirmed 

polluters found in future oil spills.  

In this work, it was found that oil spills can be analyzed on an individual basis. Many 

countries around the world lack the surveillance efforts for both the monitoring of spills 

and tracking of vessels to do so. Even though Canada’s capability in that regard is very 

good, there are still information gaps and limitations and not every spill can be analyzed 

this way, as seen in the SUR2010071 and SUR2010075 cases. There is also a limitation in 

finding adequate currents data as a lot of the historical data prior to 2010 are either hard 

to find, or the formatting is too complex for plugging into existing tools. In terms of 

gaps in vessel traffic data, as the Canadian Coast Guard’s AIS network will be fully 

implemented in the near future, it is believed that much better coverage will be 

achieved and that many of these gaps in traffic data will be rectified.  

Future work includes analyzing historic spills on the east coast of Canada and in the 

Arctic. Additionally, while the metrics of time and oil spill coverage area were used in the 

AHP process, further analysis of additional metrics, such as vessel characteristics (ie: 

vessel type and age) could be considered in this analysis as well. It was also a goal of this 

research to develop a proof-of concept in hopes of eventually using this technique in 

real-time. Furthermore, as previously mentioned, this method must be further 
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scrutinized with a validation process of matching these likely polluters, to the polluters 

found in known cases to determine its applicability. This research may potentially lead to 

a change in the way that NASP operates. If a suspected polluter from a previous spill 

event is traversing a similar area, NASP may actually fly over the areas at the time of 

transit of that particular vessel to potentially catch the suspected polluter red-handed. 

Also if vessels are suspected as polluters in multiple cases, this research may provide 

probable cause to investigate these vessels while at port.   
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Appendix 1: Wind Data 
 

SUR2010060 Spill Event Winds: Port Hardy Weather Station 
 

Date 
Local 
Time UTC 

Wind 
Direction 

Speed 
(km/h) 

Speed 
(m/s) 

Hours prior to 
detection 

  2:00 
19:0

0 23 9 2.50 72 

  3:00 
20:0

0 23 7 1.94 71 

  4:00 
21:0

0 0 0 0.00 70 

  5:00 
22:0

0 0 0 0.00 69 
22-

Aug 6:00 
23:0

0 22 6 1.67 68 
  7:00 0:00 23 13 3.61 67 
  8:00 1:00 24 7 1.94 66 
  9:00 2:00 22 9 2.50 65 
  10:00 3:00 24 11 3.06 64 
  11:00 4:00 2 7 1.94 63 
  12:00 5:00 1 7 1.94 62 
  13:00 6:00 3 6 1.67 61 
  14:00 7:00 1 4 1.11 60 
  15:00 8:00 32 9 2.50 59 
  16:00 9:00 31 9 2.50 58 

  17:00 
10:0

0 32 7 1.94 57 

  18:00 
11:0

0 9 9 2.50 56 

  19:00 
12:0

0 30 6 1.67 55 

  20:00 
13:0

0 0 0 0.00 54 

  21:00 
14:0

0 0 0 0.00 53 

  22:00 
15:0

0 0 0 0.00 52 

  23:00 
16:0

0 0 0 0.00 51 

  0:00 
17:0

0 0 0 0.00 50 

  1:00 
18:0

0 0 0 0.00 49 
  2:00 19:0 0 0 0.00 48 
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0 

  3:00 
20:0

0 17 4 1.11 47 

  4:00 
21:0

0 0 0 0.00 46 

  5:00 
22:0

0 0 0 0.00 45 
23-

Aug 6:00 
23:0

0 0 0 0.00 44 
  7:00 0:00 0 0 0.00 43 
  8:00 1:00 10 6 1.67 42 
  9:00 2:00 10 20 5.56 41 
  10:00 3:00 8 20 5.56 40 
  11:00 4:00 9 15 4.17 39 
  12:00 5:00 11 15 4.17 38 
  13:00 6:00 10 9 2.50 37 
  14:00 7:00 10 15 4.17 36 
  15:00 8:00 16 19 5.28 35 
  16:00 9:00 14 6 1.67 34 

  17:00 
10:0

0 2 7 1.94 33 

  18:00 
11:0

0 0 0 0.00 32 

  19:00 
12:0

0 0 0 0.00 31 

  20:00 
13:0

0 0 0 0.00 30 

  21:00 
14:0

0 0 0 0.00 29 

  22:00 
15:0

0 0 0 0.00 28 

  23:00 
16:0

0 0 0 0.00 27 

  0:00 
17:0

0 0 0 0.00 26 

  1:00 
18:0

0 0 0 0.00 25 

  2:00 
19:0

0 0 0 0.00 24 

  3:00 
20:0

0 0 0 0.00 23 

  4:00 
21:0

0 0 0 0.00 22 

  5:00 
22:0

0 0 0 0.00 21 



88 
 

24-
Aug 6:00 

23:0
0 0 0 0.00 20 

  7:00 0:00 0 0 0.00 19 
  8:00 1:00 0 0 0.00 18 
  9:00 2:00 11 6 1.67 17 
  10:00 3:00 0 0 0.00 16 
  11:00 4:00 3 6 1.67 15 
  12:00 5:00 9 9 2.50 14 
  13:00 6:00 0 0 0.00 13 
  14:00 7:00 0 0 0.00 12 
  15:00 8:00 0 0 0.00 11 
  16:00 9:00 33 6 1.67 10 

  17:00 
10:0

0 30 6 1.67 9 

  18:00 
11:0

0 32 7 1.94 8 

  19:00 
12:0

0 0 0 0.00 7 

  20:00 
13:0

0 0 0 0.00 6 

  21:00 
14:0

0 0 0 0.00 5 

  22:00 
15:0

0 0 0 0.00 4 

  23:00 
16:0

0 0 0 0.00 3 

  0:00 
17:0

0 0 0 0.00 2 

  1:00 
18:0

0 0 0 0.00 1 
25-

Aug 2:00 
19:0

0 0 0 0.00 0 
 
 
 
 
 
 
 
 
 

SUR2010044 Spill Event Winds: Tofino Weather Station 
 

Date UTC Wind Direction Speed (km/h) Speed (m/s) Hours prior to detection 
  21:00 n/a n/a n/a 72 
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  22:00 0 0 0.00 71 
21-Jun 23:00 0 0 0.00 70 

  0:00 15 4 1.11 69 
  1:00 17 6 1.67 68 
  2:00 18 9 2.50 67 
  3:00 19 11 3.06 66 
  4:00 16 9 2.50 65 
  5:00 17 15 4.17 64 
  6:00 15 11 3.06 63 
  7:00 17 11 3.06 62 
  8:00 20 9 2.50 61 
  9:00 18 9 2.50 60 
  10:00 18 11 3.06 59 
  11:00 n/a n/a n/a 58 
  12:00 n/a n/a n/a 57 
  13:00 n/a n/a n/a 56 
  14:00 n/a n/a n/a 55 
  15:00 n/a n/a n/a 54 
  16:00 n/a n/a n/a 53 
  17:00 n/a n/a n/a 52 
  18:00 n/a n/a n/a 51 
  19:00 n/a n/a n/a 50 
  20:00 n/a n/a n/a 49 
  21:00 n/a n/a n/a 48 
  22:00 0 0 0.00 47 

22-Jun 23:00 0 0 0.00 46 
  0:00 0 0 0.00 45 
  1:00 0 0 0.00 44 
  2:00 17 6 1.67 43 
  3:00 20 9 2.50 42 
  4:00 22 7 1.94 41 
  5:00 22 11 3.06 40 
  6:00 21 9 2.50 39 
  7:00 20 13 3.61 38 
  8:00 19 13 3.61 37 
  9:00 23 13 3.61 36 
  10:00 23 7 1.94 35 
  11:00 n/a n/a n/a 34 
  12:00 n/a n/a n/a 33 
  13:00 n/a n/a n/a 32 
  14:00 n/a n/a n/a 31 
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  15:00 n/a n/a n/a 30 
  16:00 n/a n/a n/a 29 
  17:00 n/a n/a n/a 28 
  18:00 n/a n/a n/a 27 
  19:00 n/a n/a n/a 26 
  20:00 n/a n/a n/a 25 
  21:00 n/a n/a n/a 24 
  22:00 31 4 1.11 23 

23-Jun 23:00 0 0 0.00 22 
  0:00 26 6 1.67 21 
  1:00 26 4 1.11 20 
  2:00 16 7 1.94 19 
  3:00 17 4 1.11 18 
  4:00 17 4 1.11 17 
  5:00 22 6 1.67 16 
  6:00 16 6 1.67 15 
  7:00 20 6 1.67 14 
  8:00 24 11 3.06 13 
  9:00 22 9 2.50 12 
  10:00 22 11 3.06 11 
  11:00 n/a n/a n/a 10 
  12:00 n/a n/a n/a 9 
  13:00 n/a n/a n/a 8 
  14:00 n/a n/a n/a 7 
  15:00 n/a n/a n/a 6 
  16:00 n/a n/a n/a 5 
  17:00 n/a n/a n/a 4 
  18:00 n/a n/a n/a 3 
  19:00 n/a n/a n/a 2 
  20:00 n/a n/a n/a 1 

24-Jun 21:00 n/a n/a n/a 0 
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SUR2010071 Spill Event Winds: Prince Rupert Weather Station 
 

Date UTC Wind Direction Speed (km/h) Speed (m/s) Hours prior to detection 

  
28-Oct 

22:00 34 13 3.61 72 
23:00 0 0 0.00 71 

 
0:00 0 0 0.00 70 

  1:00 0 0 0.00 69 
  2:00 10 4 1.11 68 
  3:00 31 15 4.17 67 
  4:00 31 26 7.22 66 
  5:00 31 22 6.11 65 
  6:00 31 22 6.11 64 
  7:00 32 22 6.11 63 
  8:00 30 26 7.22 62 
  9:00 31 20 5.56 61 
  10:00 30 17 4.72 60 
  11:00 30 11 3.06 59 
  12:00 28 11 3.06 58 
  13:00 28 9 2.50 57 
  14:00 26 9 2.50 56 
  15:00 25 7 1.94 55 
  16:00 21 9 2.50 54 
  17:00 19 15 4.17 53 
  18:00 13 7 1.94 52 
  19:00 11 9 2.50 51 
  20:00 13 7 1.94 50 
  21:00 11 9 2.50 49 
  22:00 10 11 3.06 48 
 26-Oct 23:00 10 9 2.50 47 

 
0:00 10 9 2.50 46 

  1:00 10 9 2.50 45 
  2:00 10 9 2.50 44 
  3:00 9 9 2.50 43 
  4:00 2 7 1.94 42 
  5:00 36 7 1.94 41 
  6:00 36 11 3.06 40 
  7:00 36 15 4.17 39 
  8:00 36 13 3.61 38 
  9:00 36 13 3.61 37 
  10:00 1 6 1.67 36 
  11:00 4 6 1.67 35 
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  12:00 10 13 3.61 34 
  13:00 10 11 3.06 33 
  14:00 10 11 3.06 32 
  15:00 10 11 3.06 31 
  16:00 9 7 1.94 30 
  17:00 0 0 0.00 29 
  18:00 16 6 1.67 28 
  19:00 10 9 2.50 27 
  20:00 9 15 4.17 26 
  21:00 11 7 1.94 25 
  22:00 10 9 2.50 24 
 27-Oct 23:00 10 11 3.06 23 

 
0:00 10 9 2.50 22 

  1:00 10 6 1.67 21 
  2:00 5 6 1.67 20 
  3:00 3 6 1.67 19 
  4:00 35 11 3.06 18 
  5:00 36 6 1.67 17 
  6:00 28 6 1.67 16 
  7:00 23 6 1.67 15 
  8:00 22 6 1.67 14 
  9:00 20 6 1.67 13 
  10:00 18 7 1.94 12 
  11:00 12 7 1.94 11 
  12:00 12 6 1.67 10 
  13:00 15 7 1.94 9 
  14:00 14 9 2.50 8 
  15:00 13 9 2.50 7 
  16:00 14 11 3.06 6 
  17:00 16 13 3.61 5 
  18:00 16 13 3.61 4 
  19:00 17 20 5.56 3 
  20:00 17 17 4.72 2 
  21:00 16 19 5.28 1 
 28-Oct 22:00 17 20 5.56 0 
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SUR2010059 Spill Event Winds: Tofino Weather Station 
 

Date UTC Wind Direction Speed (km/h) Speed (m/s) Hours prior to detection 
  20:00 n/a n/a n/a 72 
  21:00 n/a n/a n/a 71 
  22:00 15 13 3.61 70 

26-Jul 23:00 14 13 3.61 69 
  0:00 14 15 4.17 68 
  1:00 14 17 4.72 67 
  2:00 14 17 4.72 66 
  3:00 14 17 4.72 65 
  4:00 15 20 5.56 64 
  5:00 15 22 6.11 63 
  6:00 14 19 5.28 62 
  7:00 16 11 3.06 61 
  8:00 18 11 3.06 60 
  9:00 19 9 2.50 59 
  10:00 18 7 1.94 58 
  11:00 n/a n/a n/a 57 
  12:00 n/a n/a n/a 56 
  13:00 n/a n/a n/a 55 
  14:00 n/a n/a n/a 54 
  15:00 n/a n/a n/a 53 
  16:00 n/a n/a n/a 52 
  17:00 n/a n/a n/a 51 
  18:00 n/a n/a n/a 50 
  19:00 n/a n/a n/a 49 
  20:00 n/a n/a n/a 48 
  21:00 n/a n/a n/a 47 
  22:00 15 11 3.06 46 

27-Jul 23:00 16 7 1.94 45 
  0:00 15 9 2.50 44 
  1:00 16 9 2.50 43 
  2:00 16 11 3.06 42 
  3:00 17 9 2.50 41 
  4:00 16 7 1.94 40 
  5:00 20 7 1.94 39 
  6:00 19 9 2.50 38 
  7:00 21 11 3.06 37 
  8:00 20 11 3.06 36 
  9:00 21 9 2.50 35 
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  10:00 23 9 2.50 34 
  11:00 n/a n/a n/a 33 
  12:00 n/a n/a n/a 32 
  13:00 n/a n/a n/a 31 
  14:00 n/a n/a n/a 30 
  15:00 n/a n/a n/a 29 
  16:00 n/a n/a n/a 28 
  17:00 n/a n/a n/a 27 
  18:00 n/a n/a n/a 26 
  19:00 n/a n/a n/a 25 
  20:00 n/a n/a n/a 24 
  21:00 n/a n/a n/a 23 
  22:00 13 13 3.61 22 

28-Jul 23:00 14 11 3.06 21 
  0:00 14 9 2.50 20 
  1:00 15 9 2.50 19 
  2:00 15 9 2.50 18 
  3:00 16 7 1.94 17 
  4:00 21 6 1.67 16 
  5:00 20 9 2.50 15 
  6:00 22 9 2.50 14 
  7:00 30 7 1.94 13 
  8:00 30 15 4.17 12 
  9:00 27 11 3.06 11 
  10:00 25 13 3.61 10 
  11:00 n/a n/a n/a 9 
  12:00 n/a n/a n/a 8 
  13:00 n/a n/a n/a 7 
  14:00 n/a n/a n/a 6 
  15:00 n/a n/a n/a 5 
  16:00 n/a n/a n/a 4 
  17:00 n/a n/a n/a 3 
  18:00 n/a n/a n/a 2 
  19:00 n/a n/a n/a 1 

29-Jul 20:00 n/a n/a n/a 0 
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Appendix 2: The SUR2010044 AHP Analysis – Worked out 
Example 

 
From Section 5.2, the original criteria pairwise comparison matrix is as follows: 
 
     Matrix 1: Original Pairwise Matrix 

 

 

Hours Prior 
to detection 

best guess 
(Nm) 

uncertainty 
(Nm) 

Hours Prior to 
detection 1.00 5.00 6.00 
best guess (Nm) 0.20 1.00 3.00 
uncertainty (Nm) 0.17 0.33 1.00 

    *Values rounded to two decimal places 
 
To determine the eigenvector of this matrix, we must perform the 

following steps: 
 
1) Raise the pairwise matrix to powers that are successively squared 

each time 
2) Sum the rows and normalize 
3) When the difference between these sums in two consecutive 

calculations is consistent up to 4 decimal places, stop the successive 
squaring of the matrix and obtain the eigenvector 

 
For the original pairwise matrix above (Matrix 1), by squaring it, the 
following matrix is achieved. 
 
   Matrix 2: Squared Criteria Matrix – First Interval 
 

 

Hours Prior to 
detection 

best guess 
(Nm) 

uncertainty 
(Nm) 

Hours Prior to 
detection 3.00 12.00 27.00 

best guess (Nm) 0.90 3.00 7.20 

uncertainty (Nm) 0.40 1.50 3.00 

 
The sum for each row is (42.00, 11.10 and 4.90) for rows 1 through 3, 
respectively. The sum of these three rows is 58.00. By normalizing these 
sums, we are left with the values (0.7241, 0.1914 and 0.0844). 
 
Matrix 2 is then squared. 
 

Matrix 3: Squared Criteria Matrix – Second Interval 
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Hours Prior to 
detection 

best guess 
(Nm) 

uncertainty 
(Nm) 

Hours Prior to 
detection 30.60 112.50 248.40 

best guess (Nm) 8.28 30.60 67.50 

uncertainty (Nm) 3.75 13.80 30.60 

 
The sum of the three rows is (391.50, 106.38 and 48.15) for rows 1 through 
3, respectively. The sum of these three rows is 546.03. By normalizing 
these sums, we are left with the values (0.7170, 0.1948 and 0.0881). 
 
Matrix 3 is then squared. 
 

Matrix 4: Squared Criteria Matrix – Third Interval 
 

 

Hours Prior to 
detection 

best guess 
(Nm) 

uncertainty 
(Nm) 

Hours Prior to 
detection 2799.36 10312.92 22795.83 

best guess (Nm) 759.86 2799.36 6187.75 

uncertainty (Nm) 343.76 1266.44 2799.36 

 
The sum of the three rows is (35908.11, 9746.97 and 4409.56) for rows 1 
through 3, respectively. The sum of these three rows is 50064.64. By 
normalizing these sums, we are left with the values (0.7172, 0.1947 and 
0.0881). 
 
 Matrix 4 is then squared. 
 

Matrix 5: Squared Criteria Matrix – Fourth Interval 
 

 

Hours Prior to 
detection 

best guess 
(Nm) 

uncertainty 
(Nm) 

Hours Prior to 
detection 23509187.82 86608588 1.91E+08 

best guess (Nm) 6381375.356 23509188 51965153 

uncertainty (Nm) 23509187.82 86608588 1.91E+08 

 
 The sum of the three rows is (301559036.94, 81855716.23 and 
37031766.36) for rows 1 through 3, respectively. The sum of these three 
rows is 420446519.53. By normalizing these sums, the values of the 
normalized row sums provide the 3 x 1 matrix, (0.7172, 0.1947 and 0.0881). 
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This is consistent with the value found after the third interval of squaring, 
thus the process stops here as the result is the eigenvector for Matrix 1. 
 
 From equation 4, the next step is to find ∑ 𝑎𝑖𝑗𝑛

𝑗=1 𝑤𝑗. From Matrix 1, for 
row 1, this is done by a series of calculation is as follows: 
 
∑ 𝑎1,𝑗
𝑛
𝑗=1 𝑤𝑗= 1.00 * 0.7172 + 5.00* 0.1947 + 6.00 * 0.0881 = 2.2191 

 
For row 2: 
 
∑ 𝑎2,𝑗
3
𝑗=1 𝑤𝑗= 0.20 * 0.7172 +1.00* 0.1947 + 3.00 * 0.0881 = 0.6024 

 
For row 3: 
 
∑ 𝑎3,𝑗𝑤𝑗3
𝑗=1 = 0.17 * 0.7172 +0.33* 0.1947 + 1.00 * 0.0881 = 0.2725 

 
 
The next step is to determine λmax by dividing the above values by their 
respective eigenvalues: 

 
 λmax= ∑ 𝑎𝑖,𝑗𝑛

𝑗=1 𝑤𝑗=2.2191/0.7172 = 0.6024/0.1947=0.2725/0.0881  
      = 3.0940 
 
With λmax computed, the consistency index is calculated according to 
equation 6: 
 
𝐶𝐼 =  𝜆𝑚𝑎𝑥   −𝑛

𝑛−1
= 3.0940   −3

3−1
=0.0470 

 
The next step is to determine the consistency ratio according to equation 
7: 
 
CR = CI/RI = 0.0470/0.58 = 0.0810  
 
This value of the consistency ratio provides a value less than 10%, which 
ensures consistency, thus this eigenvector is valid for application. 
 
The above process is repeated for each of the 4 vessels under each 
criteria. The following values were obtained for each: 
 
Matrix 6: The original pairwise comparison matrix of vessels in the 
SUR2010044 spill for the time traveled prior to spill detection criteria 
 

 

FRANCES BARKLEY 
(1) 

FRANCES BARKLEY 
(2) 

JACK 
BRUSCO 

PACIFIC 
CREST 
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FRANCES BARKLEY 
(1) 1.00 0.50 3.00 2.00 

FRANCES BARKLEY 
(2) 2.00 1.00 4.00 3.00 

JACK BRUSCO 0.33 0.25 1.00 0.50 
PACIFIC CREST 0.50 0.33 2.00 1.00 

 
Where the eigenvector was determined as (0.2772, 0.4673, 0.954, 0.1601) 
with a CR of 0.018. 
 
Matrix 7: The original pairwise comparison matrix of vessels in the 
SUR2010044 spill for the distance traveled in the area of best guess 

 

 

FRANCES BARKLEY 
(1) 

FRANCES BARKLEY 
(2) 

JACK 
BRUSCO 

PACIFIC 
CREST 

FRANCES BARKLEY 
(1) 1.00 2.00 4.00 0.50 

FRANCES BARKLEY 
(2) 0.50 1.00 3.00 0.33 

JACK BRUSCO 0.25 0.33 1.00 0.20 
PACIFIC CREST 2.00 3.00 5.00 1.00 

Where the eigenvector was determined as (0.2844, 0.1699, 0.0729, 0.4729) 
with a CR of 0.029. 
 
Matrix 8: The original pairwise comparison matrix of vessels in the 
SUR2010044 spill for the distance traveled in the area of uncertainty 
 

 

FRANCES BARKLEY 
(1) 

FRANCES BARKLEY 
(2) 

JACK 
BRUSCO 

PACIFIC 
CREST 

FRANCES BARKLEY 
(1) 1.00 1.00 0.20 0.17 

FRANCES BARKLEY 
(2) 1.00 1.00 0.20 0.17 

JACK BRUSCO 5.00 5.00 1.00 0.50 
PACIFIC CREST 6.00 6.00 2.00 1.00 

 
 
Where the eigenvector was determined as (0.0751, 0.0751, 0.3329, 0.5168) 
with a CR value of 0.019. 
 
Lastly by multiplying the 4x3 eigenvector matrix against the 3x1 criteria 
eigenvector, the rankings are determined: 
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time (hrs) best guess uncertainty 

  FRANCES BARKLEY (1) 0.2772 0.2844 0.0751 
 

0.7172 
FRANCES BARKLEY (2) 0.4673 0.1699 0.0751 x 0.1947 

JACK BRUSCO 0.0954 0.0729 0.3329 
 

0.0881 
PACIFIC CREST 0.1601 0.4729 0.5168 

   
Thus the final result is achieved: 
 

Vessels Normalized Results 
FRANCES BARKLEY (1) 0.2608 
FRANCES BARKLEY (2) 0.3749 
JACK BRUSCO 0.1120 
PACIFIC CREST 0.2524 

 


