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PREFACE This report is submitted by Johan Rene van Dorp (GW) and Jason R.W. Merrick (VCU). The content of the report describes the update of a Vessel Traffic Risk Assessment (VTRA) Maritime Transportation System (MTS) simulation model developed from using 2005 Vessel Traffic Operational Support System (VTOSS) data to using 2010 VTOSS data. Henceforth this project shall be named the VTRA update. The VTRA update commenced in August 2012 and spanned eight months. The VTRA study area includes: (1) portions of the Washington outer coast, (2) the Strait of Juan de Fuca and (3) the approaches to and passages through the San Juan Islands, Puget Sound and Haro-Strait/Boundary Pass. The project was funded by a grant from the Environmental Protection Agency (EPA) to the Makah Tribe. This report is has been reviewed and approved by the Makah. From the outset of this project the support from the United States Coast Guard (USCG) District 13, including Sector Puget Sound, and the Puget Sound Harbor Safety Committee (PSHSC) have been unwavering. In particular, Mark Ashley’s (USCG) and John Veentjer’s (Chair of the PSHSC) support have been instrumental in providing the necessary data for the VTRA update.  The PSHSC unselfishly extended their hospitality to allow GW/VCU to present their progress over the course of this project during their meetings every two months starting in October 2012. The PSHSC provided GW/VCU a public platform to obtain feedback from and access to the maritime community during the VTRA update. A PSHSC steering committee served as an advisory group during this update and will continue to serve as a steering committee in a follow-on project funded by the Puget Sound Partnership (PSP) using the VTRA update as its starting point. This effort utilizes the extensive technical work already completed by the George Washington (GW) University and Virginia Commonwealth University (VCU) under previously funded projects. Specifically, the Prince William Sound Risk Assessment (1996), The Washington State Ferry Risk Assessment (1998), The San Francisco Bay Exposure Assessment (2004) and the 2005 Vessel Traffic Risk Assessment (VTRA). GW/VCU’s VTRA analysis tool evaluates the duration that vessels travel through the VTRA study area by vessel type (referred to as exposure hereafter) and the accident frequency and oil losses from a pre-defined class of focus vessels. The inclusion of a time on the water element in the evaluation of exposure sets the GW/VCU methodology apart from count based approaches that focus on, for example, number of vessel transits, visits or calls. The GW/VCU VTRA analysis methodology has been well documented and peer-reviewed in the academic literature and continuously improved over the course of these projects. A reference list is provided at the end of this document. 
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EXECUTIVE SUMMARY While the Pacific Northwest enjoys a relatively safe marine transportation system (MTS), the potential impact of a catastrophic spill on the region’s environment, economy and quality of life continues to be a major concern. The effects of a significant spill would likely be devastating on the long-term restoration and productivity of this region including the US-Canadian boundary waters of the Washington outer coast, the Strait of Juan de Fuca and the approaches to and passages through the San Juan Islands, Puget Sound and Haro-Strait/Boundary Pass. Recent developments have significantly elevated this level of concern given the number of commercial projects being proposed for northern Puget Sound and southern British Columbia over the next decade.  Moreover, these proposed commercial projects, while adding many hundreds of deep draft ship transits, potentially increase significantly the amount of oil being transported throughout the area. The unique presence of Washington State Treaty tribes serving as resource trustees in this marine environment elevate the need for collaboratively developed protective measures. The purpose of this project is to update to 2005 VTRA model using the 2010 VTOSS dataset to more closely approximate the present-day patterns in commercial traffic for future use of the GW/VCU VTRA analysis model regarding what potential actions be taken to mitigate potential increases in oil spill risk from large commercial vessel oil spills in the VTRA study area. In addition, this update will allow for a 2005 – 2010 VTRA model comparison in terms of changes in overall traffic in the VTRA study area. The maritime traffic in this particular geographic area has been extensively studied by a variety of efforts in the past. One of the more recent being the VTRA conducted by GW/VCU from 2006-2008 (2005 VTRA hereafter) and funded by BP to inform a US Army Corp of Engineers’ Environmental Impact Statement (EIS) regarding BP’s dock expansion at Cherry Point. The primary data source for modeling commercial traffic participating in the Vessel Traffic Service (VTS) in the 2005 VTRA model was VTOSS 2005 data.  Smaller vessel traffic not participating in these three VTS providers, but also modeled in the 2005 VTRA using a variety of data sources, include: state, tribal and Canadian fisheries, USCG permitted regatta events and whale watching activities.  A prime advantage of the VTOSS data is that it provides a single US-Canadian cross boundary data source of larger commercial vessel movements in the VTRA study area recorded by the three VTS providers: Seattle (US), Tofino (Canada) and Victoria (Canada). No doubt, current safety levels experienced in this MTS are to a great extent the benefit of the joint external vigilance risk management role the US and Canadian Coast guards play.  The 2005 VTRA model replicates vessel movement throughout the VTRA study area. The GW/VCU MTS VTRA methodology has been well documented and peer-reviewed in the 
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academic literature. A summary of the methodology is provided in this document with references to peer-reviewed publications and technical reports dispersed throughout this summary. It is particularly well suited to evaluate potential future risk increases as a result of planned commercial projects alluded to above, as well as to test risk mitigation measures to counter such increases prior to implementing them. To more closely approximate the present-day patterns in commercial traffic for future scenario analysis, the 2005 VTRA model is updated with the 2010 VTOSS dataset. The 2010 year is the last full year of traffic data recorded by VTOSS. Subsequent years are recorded using a different system. Not only does the VTRA updated model represent an unprecedented level of detail in the depiction of maritime traffic, but more importantly this update has been validated using a an independently collected data source. Specifically, the model update was validated using 2010 Automatic Independent Surveillance (AIS) crossing line count data provided by the Marine Exchange Puget Sound (MXPS).  The value of such an independent validating data source is illustrated in Figure 1. Figure 1 compares east bound and west bound crossing line counts at the entrance of the Strait of Juan de Fuca generated by the GW/VCU model updated with VTOSS 2010 data to those recorded by AIS in 2010. Observe from Figure 1 there is strong agreement in the number of cargo, tanker and passenger vessel entering and leaving the West Strait of Juan de Fuca. 

 
Figure 1. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the West Strait of Juan de Fuca crossing line depicted in Figure 32B. The updating of the 2005 VTRA model to 2010 VTOSS data described herein followed the collaborative analysis approach[1] involving coordination with Puget Sound stakeholders through the Puget Sound Harbor Safety Committee: 
“In collaborative analysis, the groups involved in a policy debate work together to assemble 
and direct a joint research team, which then studies the technical aspects of the policy issue in 
question. Representative from all the participating groups are given the ability to monitor 
and adjust the research throughout its evolution. Collaborative analysis aims to overcome 
suspicions of distorted communication giving each group in the debate the means to assure 
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that other groups are not manipulating the analysis. The ultimate goal is to generate a single 
body of knowledge that will be accepted by all the groups in the debate as a valid basis for 
policy negotiations and agreements. – George J. Busenberg, 1999.” The validated 2010 VTRA update, combined with its unprecedented level of detail, and developed using this collaborative analysis approach, is particularly well suited to serve as such a single body of knowledge. The VTRA update provides a starting point for future vessel risk studies conducted in the area to inform federal agencies, tribes, local governments, industry and non-profit groups in Washington State and British Columbia on potential risk management options. A common starting point amongst these studies may further facilitate achieving consensus risk management decisions regarding vessel operations in the study area. One future vessel traffic risk study is currently funded by the Puget Sound Partnership through another Environment Protection Agency (EPA) grant award. This study has committed to using the VTRA update combined with the collaborative analysis approach that is integral to the GW/VCU VTRA methodology. In addition to updating to VTOSS 2010 data, an overall traffic density comparison analysis is presented comparing the 2005 and 2010 VTOSS datasets by tankers, cargo, passenger, service, tug-tow and fishing vessels.  However, caution should be exercised when interpreting such a comparison due to modeling enhancements included in the VTRA update. For example, a vessel’s individual route has been retained in the VTRA update, whereas in the 2005 VTRA representative vessel routes were constructed by vessel type. The lack of an AIS 2005 validation data source for the 2005 VTRA only adds to that caution. Hence, Figure 2only shows for the VTRA update by vessel type (including non-participating VTS traffic) the overall distribution of the total time vessels move through the VTRA study area. In light of planned future commercial projects in the VTRA study area, and with an eye towards larger potential oil spills, we further restrict ourselves in the executive summary to describing a combined 2010 cargo, tanker and tug-tow vessel traffic profile. This subset of traffic totals 41.4% of the traffic depicted in Figure 2. This 41.4% breaks down as follows: tug-tows (47.5%), cargo (44.8%) and tankers (7.7%). Table 1 shows the distribution of the durations that cargo, tanker, and tug-tow traffic move across the 15 waterway locations of the study area (depicted on the cover page). Specifically, the fourth column in Table 1 lists the annual number of days that cargo, tanker or tug-tow vessels move within a particular waterway location. Dividing the annual number of days by 365 provides the average number of such vessels moving in a waterway location at an arbitrary point in time (the fifth column in Table 1). If one divides the number of days such vessels move in a particular waterway location by the total number of days these vessels move in the overall study area, one obtains the location’s percentage of 
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exposure (the sixth column in Table 1). Finally, by dividing the percentage of exposure by the relative size of a waterway location (the third column in Table 1) one obtains a waterway location’s density factor (the last column of Table 1).  

 
Figure 2. Percentage of time a vessel is moving in the VTRA system by master type in the VTRA Update 

Table 1. Detailed exposure analysis of cargo, tanker and tug-tow vessels by the fifteen waterway locations on the 
cover by the GW/VCU VTRA model updated with VTOSS 2010 data. 
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Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 Column 7

LOCATION # Grid Cells % Area
# Days Vessel is 
Moving per year

Average # of 
Vessels

% of Total Time 
of Exposure

Density Factor 
(DF)

WSJF 2857 19.6% 2683.7 7.4 23.2% 1.18
PS North 983 6.8% 1896.7 5.2 16.4% 2.43

ESJF 2049 14.1% 1538.9 4.2 13.3% 0.94
Georgia Str. 1424 9.8% 1168.3 3.2 10.1% 1.03
Haro/Boun. 1066 7.3% 1145.1 3.1 9.9% 1.35

PS South 619 4.3% 1090.9 3.0 9.4% 2.22
Bouy J 1478 10.2% 701.5 1.9 6.1% 0.60
Rosario 307 2.1% 481.2 1.3 4.2% 1.97

Islands Trt 696 4.8% 324.0 0.9 2.8% 0.59
Tac. South 326 2.2% 166.7 0.5 1.4% 0.64
Saddlebag 375 2.6% 156.0 0.4 1.3% 0.52
Sar./Skagit 459 3.2% 80.8 0.2 0.7% 0.22

Guemes 127 0.9% 68.4 0.2 0.6% 0.68
ATBA 1520 10.5% 45.9 0.1 0.4% 0.04

SJ Islands 259 1.8% 15.6 0.0 0.1% 0.08
Total 13246 100.0% 11563.8 31.7 100.0% 1.0
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In Figure 3 and Figure 4 waterway locations are ranked by their exposure and density factor evaluated in Table 1, respectively. 

 
Figure 3. Waterway locations ranked by percentage of total time of exposure to cargo, tanker or tug-tow vessels 
as evaluated by the GW/VCU VTRA model updated using VTOSS 2010 data (see Table 1). 

 
Figure 4. Waterway locations ranked by density factor restricted to cargo, tanker or tug-tow vessels as evaluated 
by the GW/VCU VTRA model updated using VTOSS 2010 data (Table 1). 
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Figure 3 shows that the West Strait of Juan de Fuca (WSJF) ranks first in terms of exposure. However, when accounting for its size, the WSJF ranks fifth in terms of density factor (see, Figure 4). Similar conclusions can be drawn for the other 14 waterway locations.   The analysis in Table 1 and presentations in Figure 3 and Figure 4 serve as a reminder that “the world is not average”. To further emphasize this observation, Figure 5 plots the times series (plotted every 15 minutes}of the number of cargo, tanker and tug-tow vessels moving in the VTRA study area as evaluated by the VTRA update. From the left panel one observes that number of cargo and tanker vessels combined moving in the VTRA study area ranges from zero to 33. From the right panel one observes that the number of tug-tow vessels also ranges from zero to 33. Recall, that on average the total number of cargo, tanker and tug-tow vessels combined at any point in time values approximately 31.7(as evaluated in the last row of Table 1). 

 
Figure 5. Time series of number of cargo, tanker and tug-tow vessels moving in the VTRA study area evaluated 
using the VTRA update. Left Panel: Cargo and tanker counts combined; Right Panel: Tug-tow counts. Finally, Figure 6 below presents a geographic profile of exposure of cargo, tanker or tug-tow vessels moving in the VTRA study area, which is a unique output format of the GW/VCU VTRA model.  About one quarter of cargo, tanker or tug-tow exposure (25%) occurs within the smaller red rectangle in Figure 6.  About one half of this exposure (46%) occurs in the larger red rectangle. Thus about 54% of the remaining exposure is accounted for by the area outside the larger red rectangle within the VTRA study area. More importantly, through the use of its color scale, Figure 6 provides a refined visual representation of exposure by location.   The color scale provides a relative comparison of (1) the amount of time a vessel is moving within a particular grid cell with (2) the average amount of time a vessel is moving within any grid cell in the VTRA study area. While the waterway locations listed in Table 1 differ in size, grid cells in Figure 6 are all 0.25 square nautical miles in size. The color yellow represents the average amount of time a cargo, tanker or tug-tow vessel grid cell is moving 
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A detailed consideration of traffic levels is particularly important as one moves forward to considering risk and potential changes in risk from the commercial projects being proposed for the northern Puget Sound and southern British Columbia over the next decade. To put it simply, keeping everything else the same, when traffic increases risk increases, unless mitigated. Further, there is no guarantee that risk increases due to traffic increases can be fully mitigated.  This begs the question then, when faced with perhaps inevitable traffic increases how can one manage risk increases that cannot be fully mitigated? One approach could be to evenly distribute future risk across the affected area, i.e. to allow for risk increases in locations that currently have low risk levels compared to those that are already higher. On the other hand, should one aim for an equitable distribution of future risk allowing for each location to have a similar relative percentage increase in risk? The challenge of risk management is for it to be location specific, taking into consideration the type and location of traffic and how it changes as a result of proposed traffic increases.  One must realize that risk does not necessarily disappear when mitigated locally, but has tendency to migrate. Such risk migrations are preferably avoided, but may be inevitable. Needless to say, risk mitigation at one location ought not result in an increase in risk elsewhere that is larger. These are important questions for the PSP project using the VTRA update as a starting point. In our opinion, they can only be answered utilizing the collaborative analysis approach (see, [1]), to which the PSP has committed. No doubt these questions are equally important in other ongoing studies considering the potential risk of traffic increases as a result of future planned commercial projects. We hope that other studies can benefit from the validated and vetted analysis of the VTOSS 2010 dataset performed in this project and presented in this report. Summarizing, we advocate a collaborative systems approach towards risk management, not one that is just locally targeted missing potential side effects or points of view. In light of the observations in this VTRA update dispersed throughout this report, while considering a longer-term view of risk management in the VTRA study area, we close with the observation that there is a serious need for an electronic data source that is cross-boundary (US and Canadian waters) where the vessel type is consistently defined and verified. VTOSS and AIS are such cross-boundary electronic data sources and could serve this purpose.  Moreover, with the same eye towards risk management analysis it would be equally beneficial if such datasets records capture cargo or at a minimum cargo levels (laden, unladen, 50% laden, etc.). In particular, we would like to call out the need for recording at a greater consistency the cargo type and levels of tug-tow barges.  
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However without VTOSS and AIS currently possessing such a common and consistently recorded vessel identifier, vessel type, cargo type and cargo level classifications, VTOSS and AIS unfortunately still require some vetting at the individual vessel level. In this study, we have performed vetting at the individual vessel level by vessel master type (see Table 3).  We hope that other studies can benefit from the validated and vetted analysis of the VTOSS 2010 dataset performed in this project and presented in this report.  
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1. Introduction Washington State shares the Salish Sea with the province of British Columbia.  A large number of ships and barges operate in these shared waters, placing the area at risk for major and catastrophic oil spills.  While citizens in the region enjoy a relatively safe marine transportation system compared to most other port states in the world, the potential for catastrophic spills continues to be a huge concern for the region’s environment, economy and quality of life, and the impact of a major spill would likely be devastating on the long-term restoration and protection of Puget Sound. By updating the 2005 VTRA model to a 2010 base year, it will more closely approximate the present-day patterns in traffic for future use of the GW/VCU VTRA analysis model to inform, for example, the State of Washington and the United States Coast Guard on what potential actions should be taken to mitigate increases in oil spill risk from large commercial vessel oil spills in the northern Puget Sound and the Strait of Juan de Fuca areas. This study area is expected to experience significant changes in deep draft vessel traffic during the next decade. Such future use of the GW/VCU VTRA analysis model may inform federal agencies, tribes, local governments, industry and non-profit groups in Washington State and British Columbia on potential risk management options and may facilitate their input into achieving consensus risk management decisions regarding vessel operations in the study area The 2005 VTRA was developed using 2005 data from the federal Vessel Traffic Operational Support System (VTOSS) data, amongst other data sources. Although the 2005 VTRA incorporates the movement patterns of nearly all classes of vessels that can interact in the system, its analysis was limited to accidents involving Focus Vessels (FV) that dock at the BP Cherry Point refinery, specifically: Oil Tankers, Articulated Tug Barges (ATB) and Integrated Tug Barges (ITB) that dock at Cherry Point. Other vessels are considered Interacting Vessels (IV) with the FV’s that may contribute to their accident frequency. Oil outflow from IV’s is only taken into account when they collide with FV’s. The FV’s in the 2005 VTRA represent only a very small percentage (≈1%) of modeled vessel traffic. Accident types included in the 2005 VTRA were collisions, powered groundings, drift grounding and allisions. Needless to say, to more closely approximate the present-day patterns in traffic for future scenario analysis, it would be desirable for the GW/VCU VTRA analysis model to be updated with the most recent VTOSS dataset. The 2010 year is the last full year of traffic data recorded for VTOSS. The update of the 2005 VTRA model using 2010 VTOSS data will allow for an expansion of the analysis to also, for example, non-BP tank vessels (≈another 2% of 2005 modeled traffic). 
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A summary of the GW/VCU VTRA methodology is provided in Section 2 with references to peer-reviewed publications and technical report dispersed throughout this summary. In Section 3, we detail the updating of the 2005 VTRA model to 2010 VTOSS data. In Section 4, a 2005-2010 comparison is provided in terms of traffic density across some vessel types. In Section 5, the validation of GW/VCU model crossing line counts using AIS 2010 crossing line counts is described. A detailed comparison analysis of GW/VCU model exposure analysis using the VTOSS 2005 and VTOSS 2010 dataset is presented in Section 6. In Section 7, we present a time series analysis comparison using the VTOSS 2005 and VTOSS 2010 dataset in terms of the number of vessels moving in the VTRA study area. In Section 8, a crossing line count comparison is provided for the West Strait of Juan De Fuca, Georgia Strait and Puget Sound crossing lines introduced in Section 5 using the VTOSS 2005 and VTOSS 2010 datasets. We close in Section 9 with some conclusions, finding and recommendations. 
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2. Summary of 2005 VTRA Model Methodology Is it safer for a river gambling boat in New Orleans to be underway than to be dockside? Should wind restrictions for outbound tankers at Hinchinbrook Entrance in the Prince William Sound Alaska be lowered from 40 knots to 35 knots? Is investment in additional life craft on board Washington State Ferries in Seattle warranted or should the International Safety Management (ISM) code be implemented fleet wide? Can enhanced ferry service in San Francisco Bay and surrounding waters alleviate traffic congestion on roadways in a safe manner? Do potential traffic increases made possible through the addition of a pier terminal at a refinery located north of the San Juan Islands in Washington State increase or reduce oil transportation risk?  The risk management questions above were raised in a series of projects over a time frame spanning more than 10 years and were addressed using a single risk management analysis methodology developed over the course of these projects by a consortium of universities. This methodology centers around stakeholder involvement and dynamic maritime risk simulations of a Maritime Transportation Systems (MTS) that also integrate incident/accident data collection, expert judgment elicitation and consequence models [2]-[3]. Our model represents the chain of events that could potentially lead to an oil spill (see Figure 7).  

 
Figure 7. A causal chain of events inter-connected by causal pathways. Risk management questions attempt to 
block these causal pathways.  
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It has been peer reviewed by the National Research Council [4], top experts in the field of expert elicitation design and analysis, and has been continuously improved over time since its initial development in 1996. The model has previously been used in the Prince William Sound Risk Assessment ([5]-[8]), the Washington State Ferries Risk Assessment[9], and the Exposure Assessment of the San Francisco Bay ferries [10]. The model was most recently used during the 2005 VTRA [11] - [13]. Prior to updating with 2010 VTOSS data, data use and model assumptions of the VTRA model have been peer-reviewed [2] - [13]. Our analysis approach of involving stakeholders has been referred to in [1]as the collaborative analysis approach: 
“In collaborative analysis, the groups involved in a policy debate work together to assemble 
and direct a joint research team, which then studies the technical aspects of the policy issue in 
question. Representative from all the participating groups are given the ability to monitor 
and adjust the research throughout its evolution. Collaborative analysis aims to overcome 
suspicions of distorted communication giving each group in the debate the means to assure 
that other groups are not manipulating the analysis. The ultimate goal is to generate a single 
body of knowledge that will be accepted by all the groups in the debate as a valid basis for 
policy negotiations and agreements. – George J. Busenberg, 1999.” The following is a brief description of this modeling approach. The updating of the 2005 VTRA model using 2010 VTOSS data shall occur in the same collaborative manner by making progress presentations to the Puget Sound Harbor Safety Committee. 
Situations (see Figure 7): Accidents can only occur when vessels are transiting through the system. Our maritime simulation model attempts to re-create the operation of vessels and the environment for one calendar year within the geographic scope of the study through maritime simulation/ replication. The traffic modeled re-plays the movement of VTS participating vessels (using 2005 VTOSS data) and simulates the movement of smaller fishing vessels, whale watchers, and organized regatta events over a set of representative routes using representative vessel speeds. Representative vessel routes were constructed by vessel type using the 2005 VTOSS data set. Figure 8 provides a graphic of the 158 representative routes constructed for Oil Tankers. Vessels speeds are sampled from representative speed distribution by vessel type estimated using the West Strait of Juan de Fuca 2005 VTOSS data. Figure 9 plots example representative speed distributions for oil tankers, container vessels, bulk carrier and navy vessels used in the 2005 VTRA study.  From Figure 3 one observes that the speed profile for oil tankers and bulk carriers is quite similar, whereas container vessels typically travel at higher speeds. The speed profile for navy vessels indicates a lot of variation in  
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their speeds compared to the other vessel types in Figure 3. For each vessel type a representative speed distribution was fitted from vessel West Strait of Juan de Fuca speeds observed in the VTOSS 2005 data. A vessel’s sample speed is assumed constant throughout its transit, but subject to location speed changes trumped by traffic rules speed changes according to study area traffic rules implemented in the 2005 VTRA model. Location speed multipliers were estimated by comparing average speeds by vessel type for locations East Strait of Juan de Fuca, Haro-Strait/Boundary Pass, Rosario Strait, Georgia Strait, Guemes Channel, Saddelbag. Puget Sound North, and Puget Sound South to the average West Strait of Juan de Fuca speeds. The environmental factors modeled include wind, fog, and current. They are replayed hourly using publicly available data sources, such as e.g. the National Climatic Data Center. (See, also [11], Appendix C). The update of the 2005 VTRA also includes updating to 2010 current tables. Other environmental conditions from the 2005 VTRA model are retained as well as traffic modeled therein not calling into VTS centers. Specifically, tribal and commercial fisheries, scheduled and USCG permitted regatta events and whale watching movements from the 2005 VTRA model are retained. Every minute over a simulation calendar year, the 2005 VTRA model counts situations of moving vessels in which there is the potential for an accident to occur if things start to go wrong (see, e.g., [2]). The traffic conditions and environmental conditions are recorded in these situations and stored in a database representing a one year analysis scenario (for example the base case and various future traffic scenarios). 
Incidents (see Figure 7): Incidents are the events that immediately precede the accident. The types modeled include, propulsion losses, total steering losses, loss of navigational aids, and human errors. An exhaustive analysis of all possible sources of study area relevant accident, near miss, incident, and unusual event data was performed (see, e.g. [11], Appendices A and B). 
Accidents (see Figure 7): The accident types included in this study are collisions between two vessels, groundings (both powered and drift), and allisions that involving the FV’s. The simulation counts the situations in which accidents could occur, while recording all the variables that could affect the chance that an accident will occur; these include the proximity of other vessels, the types of the vessels, the location of the situation and its wind, visibility and current. We know how often accidents do occur from our analysis of incident and accident data, but there is not enough data to say how each of these variables affect the chances of an accident; accidents are rare (typically, less than ten accidents were observed within 
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theparticular geographic scope of our past studies over an extended time frame)! The VTRA model is calibrated to historically observed, but geographically restricted accident and incident data (see [11], Appendix E). As such, the annual accident and incident rates generated by the VTRA model for the base case scenario coincide with geographically restricted historically observed accident and incident rates.  To determine how accident situations differ in terms of relative accident likelihood, we must turn to the experts due to this lack of data. We ask experts to assess the differences in risk of two similar situations that they have extensive experience of (See Figure 10 for an example question). In each question we change only one factor and through a series of questions we build our accident probability model, incorporating the data where we can. Our expert judgment elicitation procedure is described in detail in [2], [14]. The experts involved include typically tanker masters, tug masters, pilots, Coast Guard VTS operators, and ferry masters. A full description of the process, experts and series of questionnaires conducted during the 2005 VTRA is provided in [11], Appendix E. No additional expert judgment elicitation is conducted for the update of the 2005 VTRA Model using 2010 VTOSS data. 
Oil Spill (see Figure 7): An oil outflow model [3]for collision and grounding accidents explicitly links input variables such as hull design (single or double, see Figure 11), displacement and speed, striking vessel displacement and speed, and the interaction angle of both vessels to output variables (see Figure 12): longitudinal and transversal damage extents of the tanker. Overlaying these damage extents on a vessel's design (see Figure 12) yields an oil outflow volume totaling the capacity of damaged tank compartments. A similar model was developed for grounding accidents during the 2005 VTRA. A total of 80,000 simulation accident scenarios described in the National Research Council SR259 report [15]published in 2001 served as the joint data set of input and output variables used in this "linking" process. The oil outflow model was designed keeping computational efficiency in mind to allow for its integration with a maritime transportation system (MTS) simulation. A full description of the oil outflow model developed during the 2005 VTRA including its parameters and their estimation is provided in [11], Appendix D. 
Format of Scenario Analysis Results and Comparisons (See Figure 13) A potential risk mitigation scenario to be analyzed with the VTRA update is whether from a vessel risk perspective it makes sense to allow for bulk carriers docking at the future  
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model uncertainty to a great extent. The evaluation of model uncertainty is not accounted for in traditional sensitivity/uncertainty analysis approaches.  With the increased availability of this electronic data, however, the time to prepare it in an electronic format that can serve as input to an MTS simulation increases as well. Despite these advances, one should always bear in mind that any model is an abstraction of reality in which simplifying assumptions are often necessitated to maintain computational efficiency. The increase of computational complexity to reduce model uncertainty within the 2005 VTRA methodology, does unfortunately not allow for the application of traditional sensitivity/uncertainty analysis of output analysis results. We are pushing computational boundaries of existing computation platforms that the 2005 VTRA model runs on.  As a result, we find that solely relative comparisons across accident types, across oil outflow categories and across risk intervention scenarios are particularly enlightening and informative and we concentrate less on the absolute values of the results in our analysis comparisons. That being said, uncertainty of output analysis results for the 2005 VTRA methodology has been studied and funded by the National Science Foundation for smaller analysis context instances (See,[16],[17]). In these studies it was concluded that ranking of scenarios/alternatives are robust within our analysis methodology with respect to changes in vessel traffic.   



FINAL 

31  

3. UpdaBy updathe presinform, fpotentiacommerareas. Th2005 VTincludinCanadianCanadianprovidesthree VTthrough for each  

To deal VTRA tototal,175all VTS rrepresen

 REPORT

ating the 2ating the 20sent-day patfor exampleal actions scial vessel he data souTRA model g the Seattln waterwayn cross bos for one ofTS providersthese threeVTS. 

Figure 14with this po resort to 56 represenresponding ntative rout

T: VTRA 

2005 VTRA 005 VTRA mtterns in tre, the State should be oil spills inurce for mowas VTOSle, Tofino anys. An advaundary datf the challens in the VTOe VTS areas

4.Coverage areparticular dthe constrntative vesstraffic (bottes, depicted

UPDATE

GW/VCU model to a 2affic for futof Washingtaken to mn the northdeling VessSS 2005 dand Victoria antage of thta source fnges when OSS data sets on a singl

ea of the Vessedata issue, aruction of el routes, dth US and Cd in Figure 9

E 

Prepa

Simulation2010 base yture use of gton and thmitigate inern Puget Ssel Traffic Sata. Figure VTS that she VTOSS dfor the thremodeling vt is not conse transit is 

el Traffic Operaa modeling representatdepicted in Canadian). O9, were cons
ared for MA

n Model uyear, it willthe GW/VChe United Sncreases in Sound and Service (VTS8 displays ervice this data is thatee VTS provessel trafficsistent. For assigned th

ational Supporg decision wtive vessel Figure 15, wOf that, a restructed to 
AKAH TRIB

using VTOSl more closeCU VTRA anStates Coastoil spill rthe Strait S) respondithe VTOSSarea coverit it provideoviders. Hoc as recordiexample, a vhree separa

rt System (VTOwas made droutes by were constelative largemodel the m

201

BE - 4/10/2

SS 2010 daely approxinalysis modt Guard on risk from of Juan de ing traffic inS coverage ing both USes a single owever, thising across tvessel traveate trip ID’s

 
OSS). during the 2vessel typructed to me number ofmovement o

13 

2013

ta mate del to what large Fuca n the area S and US -s too these elling s, one 

2005 pe. In model f 158 of oil 



FINAL 

32  

Figure 15.
VTRA to m

Figure 16.
with the st

 REPORT

 In total 1756
model the move

 Tornado diag
tudy area in th

T: VTRA 

6 representativ
ement of VTS r

gram displayin
he 2005 VTRA m

UPDATE

ve vessel rout
responding tra

ng the cumula
model over the

E 

Prepa

te were constr
affic in the GW/

ative percenta
e course of one

ared for MA

ructed from 2
/VCU MTS sim

age of time a v
e simulation y

AKAH TRIB

005 VTOSS da
mulation model

vessel of a cer
year. 

201

BE - 4/10/2

 
ata during the
l. 

 

rtain type is m

13 

2013

e 2005 

moving 



FINAL 

33  

tankers utilized tcarrier tand bulkrepresensince oilbulk carr 

Figure 17. 
VTRA to mTo allowfuture anroutes fomade in individuvessel tyapproach
AlgorithThe VTOinformatVTOSS aparticulaassigns aleaving rof vesselsegment

 REPORT

(≈ 2% of allto model cotraffic (≈ 7%k carrier in ntative routl tankers wriers were c

In total 22 (4
model the movew for inclusnalyses witor these veupdating thal route thype. In thah. 
hmic cleaninOSS 2010 dtion about talso added ar vessel tra different troute segmel names werts as possib

T: VTRA 

l traffic, see ontainer tra% of all trafthe 2005 Vtes was selwere part of considered 

7) representa
ement of contaion of contath the GW/Vessel types he 2005 VTroughout itat manner, 
ng of VTOSdata consistthe vessel aa trip idenransiting thtrip identifients and nore observedble were con

UPDATE

Figure 16).affic (≈ 2% offic, see FiguVTRA are dected in mf the FV groIV’s, not FV

tive vessel rou
ainer vessel (buainer vesseVCU VTRA would be dRA model tts transit raFV group
S 2010 datats of a set and the VTSntification nhrough oneication numot complete d. Once the vnnected alg

E 

Prepa

. For exampof all trafficure 16). Thdepicted in odeling oil oup in that ’s. 

ute were const
ulk carrier) trel and bulk model, it wdesirable. Tto 2010 VTOather than selection i
a of waypoiS center thanumber thae VTS centember to a veroutes. In avessel namegorithmicall

ared for MA

ple, only 22 c, see Figuree specific rFigure 17. tanker trafstudy, whe

tructed from 2
raffic in the GWcarriers in would appeaTo that endOSS data to resorting tois not affec
nts of vessat collected at indicateser’s area. Hessel as it traddition, frees were disly to make 

AKAH TRIB

representate 16) and 4outes for coA relative lffic during ereas contai

2005 VTOSS d
W/VCU MTS simthe focus var that a hid, a modelinattempt to o representcted by a 
sels along wthe data pos a set of wHowever, eransits throequent alterambiguatedcomplete r

201

BE - 4/10/2

tive routes 47 to model ontainer velarge numbthe 2005 Viner vessels

ata during the
mulation modevessel grouigher numbng decisionretain a vestative routeroute mod
with identioint. Since 2waypoints each VTS ceough the syrnative speld, as many rroutes of ve

13 

2013

were bulk essels ber of VTRA s and 

 
e 2005 
el. p for ber of n was ssel’s es by deling 
fying 2005, for a enter ystem llings route essels 



FINAL 

34  

transitinsegmentto say, re 

 Multiplecollectioin order the hourpoints remidday, was caupieces oassign a Also simFigure 2Additioninaccuradesignedvessel w

 REPORT

ng the systets and depicemaining er

Figure 18. Ro

 VTOSS dataon of each wto form a rr after midnecorded as causing theused by pief a route conew identifmple errors 0. nal algorithacies depictd to reduce was in fact 

T: VTRA 

em. Figure cts the remrrors are ap

oute plots of th

a phenomenwaypoint is route. The tinight are fre12:xx to bee route to zices of a roonnected byfication numwere obse
hms were ed in Figurthe size of moving in 

UPDATE

18’s showsaining modparent in th

he VTOSS 2010

na cause therecorded in me is recorequently ree a mixtureigzag back aoute not bey a straight mber half werved in ide
developed re 18, Figurthe VTOSS a straight l

E 

Prepa

s the resuldeling challehe Figure 18

0 data after alg

e errors obsthe VTOSS ded using acorded as 1e of the vessand forth asing recordeline. In yet ay through entifying th
to removre 19 and Fdataset by line. Once d

ared for MA

t of algoritenges allud8. 

gorithmically jo

served in Fidata and isa 24 hour clo12:xx insteasel’s locatios shown in Fed by VTOSt other casea vessel’s trhe location 
ve a largeFigure 20. Tremoving ideveloped, 

AKAH TRIB

thmically coed to previ

oining route se

igure 18. Firs used to sorock, but poiad of 00:xx. on after midFigure 19. ASS, leaving s, the sameransit throuof the vess
e proportioThese algorintermediatthese algor

201

BE - 4/10/2

onnecting rously.  Nee

 
egments. 

rstly, the timrt the waypints occurriThis causednight andAnother pronon-contige VTS centerugh their wasel as show
on of the ithms werete points whrithms took

13 

2013

route dless 

me of oints ng in es the after blem guous r can aters. wn in 
data e also hen a k one 



FINAL 

35  

month to2.7 Ghz I 

 

 
Manual Unfortunmathem2010 daremainstankers algorithm

 REPORT

o run on thIntel Core i7

Figure 19. A

Figure 20

cleaning ofnately, as shatically andata to const.  Algorithm(see left pamic cleanin

T: VTRA 

he approxim7, 16 GB of 1

A route affecte

. A route affect

f VTOSS 20hown in Figd removed truct contigmic cleaninganel of Figurng only,  oil

UPDATE

mately 50GB1600 Mhz D

ed by the time 

ted by problem

010 data gure 21’s lealgorithmicguous routeg of oil tankere 21). Obsl tanker ro

E 

Prepa

Bs of VTOSSDDR3 RAM, a

problem after

ms identifying 

ft panel notcally. Despites for a siner routes reerve from outes segme
ared for MA

S 2010 dataand 768GB 

r midnight in th

the correct loc

t all data inte algorithmngle transit,esulted in 2of Figure 21ents still di
AKAH TRIB

a on a MacBSSD hard d

the VTOSS 201

cation of the v

naccuracies mically clea, some rout,345 route 1’s left panesplay error

201

BE - 4/10/2

Brook Pro wdrive. 

 
0 data. 

 
vessel. 

can be resoaning the VTte segmentasegments foel that follors as a resu

13 

2013

with a 

olved TOSS ation or oil wing ult of 



FINAL 

36  

electronfurther resultingthe VTO1756repComparitanker rcomparicarriers Figure 1only of segmentthese roclean roare seleccarriers Figure 2 

Figure 21.
route segmFigure 2algorithmvessel ma graphiMTS moalgorithm

 REPORT

ic transmiscorrect forg in 2328 roOSS 2010 presentativeing Figure 2routes in of ng the algoin Figure 27 for these VTOSS 20ts remainedoute segmenutes, as demcted to be iin a FV grou2. 

. Left panel: 2
ments followin23’s left pamically cleamovements tic of the fiftodel.  Figuremically and 

T: VTRA 

ssion probler those erroute segmedataset. Re routes wer21’s right pFigure 21 rithmically 22 using VTvessel type10 data tod. Needless nts to a mamonstratedn a FV grouup for futur

,345 route seg
ng manual cleananel plots aaned routesthat have noteen waterwe 23’s rightmanually c

UPDATE

ems when rrors these ents for oil tRecall that re constructpanel with than in Figand manuaTOSS 2010 es in the 20o construct to say, it wanual cleani in Figure 2up. In anticire analyses t

gments after a
ning of tankera route des displayed o assigned wway locationt panel plotcleaned rout

E 

Prepa

recording a2345 routtankers depduring thted for all vFigure 8 ongure 8. The ally cleaneddata, with 005 VTRA. Iroute segwould simplying process21 for oil taipation of intheir routes

algorithmic cl
rs routes follownsity for oin Figure 2waterway lon definitionts a route dtes depicted

ared for MA

a vessel trate segmentpicted in Fighe VTRA 2vessel types.ne observessame obserd routes for the represen total, follgments by y be too tims. Instead, iankers andnclusion of s were manu

leaning of oil 
wing algorithmoil tankers 21’s left panocation are ns to be usedensity for d in Figure 2

AKAH TRIB

nsit in the ts were magure 21’s ri2005 analy.  s a larger drvation cancontainer ventative rouowing algorvessel typeme consumit is suggestfor those vcontainer vually cleane

tanker routes
mic cleaning. generated nel. In plottnot plotteded in the upoil tankers21’s right pa

201

BE - 4/10/2

VTOSS datanually cleight panel uysis a tota
dispersion on be made wvessels and utes depicterithmic cleae, 79,500 rng to subjeted to manvessel typesvessels and ed as depict

s. Right panel:

using onlying this den. Figure 24pdated GW/s using the anel. 

13 

2013

a. To eaned using al of 
of oil when bulk ed in aning route ct all nually s that bulk ted in 

 
: 2328 

y the nsity, plots /VCU both 



FINAL 

37  

Figure 22.
Right pane 

Figure 23. 
panel: Oil dIn FigurFigure 2assigned  

 REPORT

. Left panel: 3
el: 6265 route 

Left panel: Oi
density tankere 23’s left p3) assignedd. 

T: VTRA 

,453 route seg
segments follo

il density tank
r geographic ppanel 99.6%d, whereas i

UPDATE

gments after a
owing algorith

ker geographic
rofile generat% of the tanin its right p

E 

Prepa

algorithmic an
hmic and manu

c profile gener
ed using right nkers movepanel 100%

ared for MA

nd manual cle
ual cleaning of 

rated using lef
panel routes iements have% of tanker m

AKAH TRIB

eaning of cont
f bulk carrier r

ft panel routes
in Figure 21. e a waterwmovements

201

BE - 4/10/2

tainer vessel r
routes. 

s in Figure 21.

way locations have a loca

13 

2013

 

routes. 

 

. Right 

 (see ation 



FINAL 

38  

Figure 24.
2010 data.

Vessel mTable 2 vessel typrovidedthat are Some ofname. Inname. OLloyd’s iidentificTofino disambigFurther types. Fr1. T2. F3. P

 REPORT

 Location defi
. 

master typeshow a samypes are assd in the seccommonly f the entriesn that case tOne suggestidentificatioation numband Victorguation of vexaminatiorequent groanker and cherry, non-locassenger ves

T: VTRA 

nitions used f

e definitionmple list ofsigned. The cond columnassigned tos in Table 2the differenion to diffeon numbersbers are notria providivessel nameon of Table ups of vessehemical carrical ferry, andssel and yach

UPDATE

for the update

n f vessel namnumber of ns. An exam the same v2 will indeent vessel typerentiate be or other vet consistenting the daes to vessel t2 also reveel types assier. d passenger vht. 

E 

Prepa

e of the GW/VC

mes in the route segmmination of vessel name.ed refer to pes may beetween vessessel identiftly entered ata for thtypes is not als vessel nigned to the
vessel. 

ared for MA

CU MTS simul

VTOSS 201ments for eacTable 2 rev.  different vcorrectly asels sharingfication numacross thee VTOSS t possible. names that e same vess

AKAH TRIB

ation from VT

10 data for ch alternativveals differ
vessels that assigned to g the same mbers. Unfoe three VTS datasets. T

are assignesel names ar

201

BE - 4/10/2

 
TOSS 2005 to V

which diffeve vessel tyent vessel t
share the sthe same vname is toortunately, tcenters SeThus, com

ed similar vre: 

13 

2013

VTOSS 

erent ype is types 
same vessel o use these attle, plete 

vessel 



FINAL REPORT: VTRA UPDATE 2013  

39 Prepared for MAKAH TRIBE - 4/10/2013 

4. Container, bulk carrier, deck ship cargo, other special cargo, ro-ro cargo ship, ro-ro cargo container ship, vehicle carrier. 5. Research ship and other specific service vessel.  
Table 2. A sample list of vessel names that are designated as different vessel types in VTOSS 2010 

  These similar classifications may also have been used differently across the three different VTS centers included in VTOSS 2010 dataset. To allow for this similar misclassification of vessel types, the vessel master type definition in Table 3 is introduced for the 26 vessel types in the VTOSS data sets. Observe from Table 3 that the vessel types in the first entry in the list above are counted as tankers, the second and third entries as passenger vessels, the fourth entry as cargo vessels, and the fifth entry as service vessels. This allows for meaningful comparisons between the VTOSS 2005 dataset and VTOSS 2010 dataset that are not affected by these similar vessel type misclassifications. Misclassification of vessel types described above was also observed in the VTOSS 2005 data. However, about twice the number of route segments was involved as compared to the VTOSS 2010 dataset. Moreover in the VTOSS 2005 set misclassification across the vessel 

Vessel Name # Route Segments Vessel Type Vessel Name # Route Segments Vessel Type

ABAKAN 3 BULK CARRIER ALEXANDRIA BRIDGE 1 BULK CARRIER

ABAKAN 2 OTHER SPECIAL CARGO ALEXANDRIA BRIDGE 2 CONTAINER SHIP

ADMIRAL PETE 22 FERRY (NONLOCAL) ALIOTH LEADER 1 OTHER SPECIAL CARGO

ADMIRAL PETE 3 PASSENGER SHIP ALIOTH LEADER 2 VEHICLE CARRIER

ADRIA ACE 1 OTHER SPECIAL CARGO ALJALAA 3 CHEMICAL CARRIER

ADRIA ACE 2 VEHICLE CARRIER ALJALAA 1 OIL TANKER

ADVENTURE 3 FISHING VESSEL ALPINE PENELOPE 4 CHEMICAL CARRIER

ADVENTURE 1 YACHT ALPINE PENELOPE 15 OIL TANKER

AEGEAN LEADER 4 OTHER SPECIAL CARGO ALUMINATOR 14 FISHING VESSEL

AEGEAN LEADER 4 VEHICLE CARRIER ALUMINATOR 2 TUG TOW BARGE

AFFINITY 5 CHEMICAL CARRIER AMBA BHAVANEE 3 CHEMICAL CARRIER

AFFINITY 2 OIL TANKER AMBA BHAVANEE 3 OIL TANKER

AKEMI 3 FISH(ING) FACTORY AMERICAN BEAUTY 3 FISH(ING) FACTORY

AKEMI 1 FISHING VESSEL AMERICAN BEAUTY 1 FISHING VESSEL

ALASKAN LEGEND 43 OIL TANKER AMERICAN HIGHWAY 1 OTHER SPECIAL CARGO

ALASKAN LEGEND 1 YACHT AMERICAN HIGHWAY 1 VEHICLE CARRIER

ALEUTIAN BEAUTY 2 FISH(ING) FACTORY AMERICAN NO. 1 4 FISH(ING) FACTORY

ALEUTIAN BEAUTY 1 FISHING VESSEL AMERICAN NO. 1 1 FISHING VESSEL

ALEUTIAN LADY 1 FISH(ING) FACTORY AMETHYST ACE 3 OTHER SPECIAL CARGO

ALEUTIAN LADY 1 FISHING VESSEL AMETHYST ACE 1 VEHICLE CARRIER

ALEX GORDON 5 SUPPLY (OFFSHORE) AMY USEN 1 FISH(ING) FACTORY

ALEX GORDON 4 TUG TOW BARGE AMY USEN 6 FISHING VESSEL

ALEXANDRIA BRIDGE 1 BULK CARRIER ANDES 1 CHEMICAL CARRIER

ALEXANDRIA BRIDGE 2 CONTAINER SHIP ANDES 1 OIL TANKER
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master type definitions in Table 3 were observed as well. For example, Table 4 shows a sample in the VTOSS 2005 dataset of cargo vessels that were sometimes classified as passenger vessels. Observe that in Table 4 that 50 transits (or route segments) were classified as passenger vessels when they should have been classified as cargo vessels. Moreover, in the VTOSS 2005 dataset route segments of vessels classified as passenger vessels were observed that did not have route segments classified as cargo vessels, but turned out to be cargo vessels when researched further. This problem was not apparent in the VTOSS 2010 data.  
Table 3. Master vessel type definition for the 26 VTOSS vessel type classification used in the GW/VCU MTS 
simulation model. 

  
Table 4. Cargo vessels that were classified as passenger vessels in the VTOSS 2005 dataset 

  

# VESSEL TYPE MASTER TYPE # VESSEL TYPE Master Type

1 BULKCARRIER Cargo 14 PASSENGERSHIP Passenger
2 CHEMICALCARRIER Tanker 15 REFRIGERATEDCARGO Cargo
3 CONTAINERSHIP Cargo 16 RESEARCHSHIP Service
4 DECKSHIPCARGO Cargo 17 ROROCARGOSHIP Cargo
5 FERRY Passenger 18 ROROCARGOCONTSHIP Cargo
6 FERRYNONLOCAL Passenger 19 SUPPLYOFFSHORE Service
7 FISHINGFACTORY Fishing 20 TUGTOWBARGE Tugtow
8 FISHINGVESSEL Fishing 21 UNKNOWN Service
9 LIQGASCARRIER Tanker 22 USCOASTGUARD Service
10 NAVYVESSEL Cargo 23 VEHICLECARRIER Cargo
11 OILTANKER Tanker 24 YACHT Passenger
12 OTHERSPECIALCARGO Cargo 25 ATB Tanker
13 OTHERSPECIFICSERV Service 26 ITB Tanker

Vessel Name Cargo Transits Passenger Transits Vessel Name Cargo Transits Passenger Transits

BRIGHT STATE 15 3 MIDNIGHT SUN 8 3

BRIGHT STREAM 16 7 MORNING MELODY 3 2

CAPE HORN 7 5 NORTH STAR 4 4

DONG FANG GAO SU 2 2 REINA ROSA 3 3

GREAT LAND 3 4 SKAUBRYN 17 6

IGARKA 3 3 SKAUGRAN 18 2

IVORY ARROW 4 2 UNITED SPIRIT 5 4

Total 50 26 Total 58 24
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Comparing representative routes approach to the route segment approach The fifth column in Table 5 provides by vessel master type the percentage of time that a waterway location is assigned to a vessel movement for the GW/VCU MTS simulation model using VTOSS 2005 data. Similarly, the fifth column in Table 6  provides by vessel master type the percentage of time that a waterway location is assigned to a vessel movement for the updated GW/VCU MTS simulation model using VTOSS 2010 data. Recall Table 3 provides the vessel master type definition used in the generation of Table 5 and Table 6 for the 26 vessel types in the VTOSS data sets. These percentages (in Table 5 and Table 6) are evaluated by dividing the number of minutes per year a vessel is moving within the MTS simulation with a waterway location assigned by the total number of minutes a vessel is moving (see the third and fourth columns in Table 5 and Table 6).  
 

Table 5. Route and density data for 6 vessel master types generated using the GW/VCU MTS simulation model 
with 2005 VTOSS data and location definitions in Figure 24. 

  
Table 6. Route and density data for 6 vessel master types generated using the updated GW/VCU MTS simulation 
model with 2010 VTOSS data and location definitions in Figure 24. 

  

Vessel Master 
Type

# Represent. 
Routes

# Minutes per 
Year

# Minutes per 
year No Location

% Time Location 
Assigned

% of Traffic
Average # 

Vessels

Cargo 106 5344799 6821 99.9% 13.7% 10.2

Tanker 164 1313096 444 100.0% 3.4% 2.5

TugTow 1185 7272609 17925 99.8% 18.7% 13.8

Service 5 1039769 942 99.9% 2.7% 2.0

Passenger 164 9701338 54771 99.4% 25.0% 18.5

Fishing 132 14201790 64223 99.5% 36.5% 27.0

Total 1756 38873401 145126 99.6% 100.0% 74.0

Vessel Master 
Type

# Represent. 
Routes

# Minutes per 
Year

# Minutes per 
year No Location

% Time Location 
Assigned

% of Traffic
Average # 

Vessels

Cargo 14640 7468850 51583 99.3% 18.5% 14.2

Tanker 3340 1287457 2838 99.8% 3.2% 2.4

TugTow 40704 7927747 171967 97.8% 19.7% 15.1

Service 2458 614972 6730 98.9% 1.5% 1.2

Passenger 14521 9090031 40756 99.6% 22.6% 17.3

Fishing 3837 13920520 68899 99.5% 34.5% 26.5

Total 79500 40309577 342773 99.1% 100.0% 76.7
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The second column in Table 5 and Table 6 provides the number of route segments and representative routes used in the GW/VCI MTS simulation model using VTOSS 2005 and VTOSS 2010 data respectively.  Although a slightly higher accuracy is observed in the fifth column in Table 5 (2005) compared to the fifth column in Table 6 (2010), a definite improvement in vessel route dispersion is observed by going from Figure 17 (2005) to Figure 22 (2010) for container vessels and bulk carriers.  Thus by retaining a vessel’s individual route using the VTOSS 2010 data, vessel movements in the updated GW/VCU MTS simulation are more representative than the former GW/VCU MTS model using the 2005 VTOSS dataset. The percentage of total moving traffic by vessel master type, depicted in the sixth columns in Table 5 and Table 6, are evaluated by dividing the number of minutes in the third columns by the total sum of the third column. The average number of moving vessels by master type at any arbitrary point in time is evaluated by dividing the minutes in the third column in Table 5 and Table 6 by the total number of minutes in a calendar year. Thus in Table 5 (2005) the GW/VCU MTS model evaluated an average of 74.0 moving vessels in the system at any arbitrary point in time, whereas in Table 6 (2010) an average of 76.7 vessels was evaluated.  To illustrate the fluctuation in the number of vessels moving in the study area over a calendar year, however, Figure 25 plots the time series (every 15 minutes) of the number of vessels excluding ferries, yachts and fishing vessels for the GW/VCU MTS simulation model using VTOSS 2005 and VTOSS 2010 data. Figure 26 on the other hand plots this time series comparison for ferries, yachts and fishing vessels.  

 
Figure 25. Left panel: Time series of counts of all vessels excluding ferries, yachts and fishing vessels in the 
system for the GW/VCU MTS simulation model using the VTOSS 2010 dataset; Right panel: Same using the VTOSS 
2005 dataset. 
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Figure 26. Left panel: Time series of counts of all ferries, yachts and fishing vessels in the system for the GW/VCU 
MTS simulation model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset. Both Figure 25 and Figure 26 serve as a reminder that “the world is not average” and that vessel risk, of which number of vessels moving in the system is a driver, is not a constant but a dynamic quantity that changes over time. The larger goal of vessel risk management is to reduce the overall average risk level while managing the variation of the time series of risk by avoiding “high” risk spikes.     
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4. A comparison of some 2005 and 2010 traffic densities Following the route update procedure as described in the previous section the left panels in Figure 27, Figure 28 and Figure 29 depict traffic densities generated using the VTOSS 2005 data whereas the right panels depict associated traffic densities using the VTOSS 2010 data. In Figure 27, Figure 28 and Figure 29, the left panel serves as the comparison panel as indicated by the factor 1.00 in the top left corner. Also, these left panels determine the colors scales of both panels chosen for contrast in a particular figure. Hence, one can visually compare the left and right panels in in Figure 27, Figure 28 and Figure 29 and observe changes in vessel movement distribution across the VTRA area by their vessel types: oil tanker, bulk carrier and container vessel, respectively. The factor in the top left corner of the right panel provides for the relative increase in traffic from the left panel to the right panel. Hence, we observe a factor 0.82 decrease going from VTOSS 2005 to VTOSS 2010 for oil tankers in Figure 27 over the study area. Similarly, one observes a factor 1.11 increase for bulk carriers in Figure 28 and what appears to be a factor 2.81 increase for container vessels in Figure 29.  The latter factor, however, appears to be not consistent with changes in container vessel traffic as reported by other data sources. For example, from vessel visit count data from the Marine Exchange Puget Sound (MXPS) in Figure 30 one observe factors 0.95 for oil tankers and 1.18 for bulk carriers, but one observes a factor 0.81 for container vessels. In Figure 31, transit counts provided by the USCG Seattle VTS are displayed, depicting a factor 1.09 increase for tankers from 2005 to 2010 and a factor increase of 1.07 for freighters.  Hence, one concludes that neither data sources appear to be consistent in terms of the factor increases they provide by vessel type, except perhaps the factors 1.11, 1.18 and 1.07 in Figure 30, Figure 28 and Figure 31. A number of explanations can be provided for these potential inconsistencies. First of all, visit counts provided by the Marine Exchange only count vessels visiting the US, whereas the generated traffic densities also count those vessels that only travel through Canadian waters. Secondly, transit counts provided by the US Coast guard count multiple transits per visit to the USCG Seattle coverage area, which is also smaller than the VTRA study area. Thirdly, the density evaluations in Figure 27, Figure 28 and Figure 29 display the distribution by vessel type of the amount of time that vessels spent within the system as explained in Table 6 and Table 5. Neither the Marine Exchange data nor the USCG data exhibit such a time element.  
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While differences in recording data methodology for these data sources may easily account for the variation in the factors for oil tankers and bulk carriers, the factor that asks for additional explanation is the factor 2.81 observed in Figure 29 for container vessels. Both the density counts for the VTOSS 2005 data source (serving as the denominator of the factor 2.81) and the VTOSS 2010 data source (serving as the numerator of the factor 2.81) may provide for this explanation. In moving forward using 2010 VTOSS data with future analysis, at a minimum it would be desirable to reconcile the 2010 VTOSS data with another 2010 datasource, since neither the Marine Exchange 2010 visit counts nor the USCG 2010 transit counts can serve this purpose. In the next section, we suggest the use of Automatic Independent Surveillance (AIS) 2010 data for that purpose.   
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Crossing line analysis of AIS 2010 data for the West Strait of Juan de Fuca, Georgia 
Strait and Puget Sound crossing lines depicted in Figure 32. Table 7 provides the AIS 2010 crossing line counts for the three crossing lines depicted in Figure 32. From Table 4 one observe that per this data source it appears more traffic traveled north bound at the Georgia Strait Entrance (100%) than south bound (85%).  For the West Strait of Juan de Fuca and Puget Sound crossing lines one observe a much more even distribution with about the same amount of traffic travelling in both directions. Moreover, a larger amount of traffic crosses the WSFJ crossing line (8217 – 150%), followed by the Puget Sound crossing line (5639 – 103%) and Georgia Strait crossing line (5471 – 100%). Hence, approximately 50% more traffic crosses the WSJF crossing line than the Georgia Strait crossing line, whereas only 3% more crosses the Puget Sound crossing line.   
Table 7. AIS 2010 Crossing line counts by vessel types: cargo, tanker and passenger vessel. A: West Strait of Juan 
de Fuca crossing Line counts; B: Georgia Strait crossing Line counts; C: Puget Sound crossing line counts. 

  

Ship Type East Bound West Bound Grand Total

Cargo 3216 3157 6373

Tanker 694 685 1379

Passenger 244 221 465

Grand Total 4154 - 100% 4063 - 98% 8217

Ship Type North Bound South Bound Grand Total

Cargo 2278 2133 4411

Tanker 267 266 533

Passenger 414 113 527

Grand Total 2959 - 100% 2512 - 85% 5471

Ship Type North Bound South Bound Grand Total

Cargo 1754 1766 3520

Tanker 95 95 190

Passenger 958 971 1929

Grand Total 2807 - 100% 2832 - 101% 5639

A: WSJF CROSSING LINE

B: GEORGIA STRAITE CROSSING LINE

C: PUGET SOUND CROSSING LINE
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Matching VTOSS 2010 Vessel Types to AIS 2010 Vessel Types. The AIS crossing line counting feature depicted in Figure 32 was programmed into the GW/VCU MTS simulation model to mimic the same counting procedure for each of the 26 different vessel type classifications listed in Table 3. Table 8 provides the crossing counts by vessel type and Table 9 by vessel master type as defined in Table 3 using the VTOSS 2010 dataset.  
Table 8. GW/VCU MTS Crossing line counts using VTOSS 2010 data by 26 different vessel type classifications. 

 
 

Table 9. GW/VCU VTRA model crossing line counts using VTOSS 2010 data by vessel master type. 

  

VESSEL TYPE Master Type TOT WSJF W-E TOT WSJF E-W TOT G_STR N-S TOT G_STR S-N TOT PS N-S TOT PS S-N

BULKCARRIER Cargo 1446 1493 1034 1023 300 309
CHEMICALCARRIER Tanker 152 155 142 127 18 18

CONTAINERSHIP Cargo 1045 1047 440 547 1004 994
DECKSHIPCARGO Cargo 2 26 2 17 10 35

FERRY Passenger 0 0 0 0 572 572
FERRYNONLOCAL Passenger 1 5 1 3 423 450
FISHINGFACTORY Fishing 83 117 20 51 108 133
FISHINGVESSEL Fishing 3368 3330 227 220 320 329
LIQGASCARRIER Tanker 2 4 0 0 0 0

NAVYVESSEL Cargo 49 101 215 239 136 153
OILTANKER Tanker 406 415 33 86 83 76

OTHERSPECIALCARGO Cargo 251 253 334 166 102 4
OTHERSPECIFICSERV Service 7 26 1 9 7 18

PASSENGERSHIP Passenger 241 62 56 40 164 43
REFRIGERATEDCARGO Cargo 0 5 0 22 15 27

RESEARCHSHIP Service 35 51 1 6 42 45
ROROCARGOSHIP Cargo 5 72 0 10 9 79

ROROCARGOCONTSHIP Cargo 147 47 0 14 118 46
SUPPLYOFFSHORE Service 0 5 0 2 33 27

TUGTOWBARGE Tugtow 333 319 1201 1052 1631 1696
UNKNOWN Service 0 0 0 0 0 0

USCOASTGUARD Service 35 49 48 41 72 43
VEHICLECARRIER Cargo 197 97 5 119 103 130

YACHT Passenger 29 37 45 21 71 82
ATB Tanker 58 74 45 48 34 35
ITB Tanker 0 0 0 0 0 0

Total 7892 7790 3850 3863 5375 5344

Master Type TOT WSJF W-E TOT WSJF E-W TOT G_STR N-S TOT G_STR S-N TOT PS N-S TOT PS S-N

Cargo 3142 3141 2060 2158 1797 1777

Tanker 618 648 222 261 135 129

TugTow 333 319 1206 1053 1631 1696

Service 77 131 49 57 154 133

Passenger 271 104 97 60 1230 1147

Fishing 3451 3447 249 272 428 462

Total 7892 - 100% 7790 - 99% 3883 - 100% 3861 - 99% 5375 - 100% 5344 - 99%
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Observe from the last row in Table 9 that contrary to Table 7 the same flow is observed going north bound and south bound at the Georgia Strait crossing line. In contrast for the AIS data in Table 7 85% is travelling south bound . Similarly, one observes that at the WSJF and Puget Sound crossing lines about the same amount of traffic flows in both directions.  
Comparing VTOSS 2010 crossing line counts to AIS 2010 crossing line counts. Observe from Table 8 and Table 3 that the master type category “tanker” includes: chemical carrier, oil tanker, atb and itb. This is consistent with the “tanker” category definition used in the generation of the AIS crossing count data in Table 7. The VTOSS classification “Navy vessel” was given a master type “cargo” classification also for consistency between the VTOSS 2010 master crossing line and AIS 2010 crossing line counts. For the remainder of the 26 vessel types in Table 8, its vessel master type was assigned based on the vessel type classification in Table 8 and Table 3. In Figure 33, Figure 34 and Figure 35 a comparison is provided between the VTOSS 2010 GW/VCU MTS crossing line counts and AIS 2010 crossing line in Table 7 and Table 9 for cargo, tanker and passenger vessels. The “tug-tow“ master type crossing line counts in Table 9 are not included in the AIS 2010 crossing line counts. The “fishing” VTOSS 2010 master type counts in Table 9 includes the “Fishing vessel” counts from Table 8 that result from fishing vessel tribal and commercial fishing openers that are modeled in the GW/VCU MTS simulation model, but are not recorded in the VTOSS 2010 data, nor the AIS 2010 data. Final, no service vessel classification is provided in the AIS 2010 crossing line counts. Hence, only the comparison provided for the three crossing lines in Figure 32 for the vessel types: cargo, tanker and passenger.  From Figure 33 one observes that the crossing line counts for these three vessel types agree between the two datasets AIS 2010 and VTOSS 2010 both in the east and west bound directions. Overall, one observe a general agreement for the cargo and tanker vessel types in Figure 34 and Figure 35, except for the cargo category travelling northbound in the Georgia Strait where a higher number of crossing counts are reported for the AIS 2010 data. Certainly, some discrepancies are observed for the passenger vessel classification for both the Georgia Strait and Puget Sound crossing lines. We attributed those discrepancies to vessel type misclassification in the VTOSS 2010 dataset. For example, at times the same oil tanker travelling is both classified as a cargo vessel and as a tanker across the three different VTS systems recorded in the VTOSS 2010 dataset. Similar misclassifications are observed for the passenger vessel category. Overall, however, especially when concentrating on the cargo and tanker classifications, there is more agreement between the AIS 2010 and VTOSS 2010 crossing line counts in Figure 33, Figure 34 and Figure 35 than there is disagreement, leading to the conclusion that these two dataset reconcile well.  
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Figure 33. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the West Strait of Juan de Fuca crossing line depicted in Figure 32B.  

 
Figure 34. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the Georgia Strait crossing line depicted in Figure 32C.  

 
Figure 35. Comparison of AIS 2010 and VTOSS 2010 crossing line counts for cargo, tanker and passenger vessels 
for the Puget Sound crossing line depicted in Figure 32D.   
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Hence, the validation of VTOSS 2010 crossing line counts in the GW/VCU MTS simulation model by AIS 2010 crossing line counts.   
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6. An Exposure comparison of VTOSS 2005 and VTOSS 2010 traffic Figure 36 shows the distribution by vessel master type as a percentage of the total time vessels move through the VTRA study area evaluated using the GW/VCU VTRA model using VTOSS 2005 and VTOSS 2010 data. The percentages in the left panel figure are listed in Table 5 (2005) and those of the right panel in Table 6 (2010). From Figure 36 one observes that the main difference between the VTOSS 2005 and VTOSS 2010 evaluated percentages is a decrease of 2.4% in passenger vessels and an increase of 4.8% in cargo vessels of their yearly TTE’s. Recalling the factor 2.81 increase depicted in the right panel of Figure 29, and what would appear to be its inconsistency with the data presented in the USCG data (Figure 31) and MXPS data (Figure 30), a potential explanation could therefore be a misclassification of cargo vessels as passenger vessels in the VTOSS 2005 dataset (see also Table 4).  

 
Figure 36. Percentage of Time a vessel is moving in the VTRA system by master type. Left panel: VTOSS 2005; 
Right Panel: VTOSS 2010. 

Comparison by waterway locations Table 10 (VTOSS 2005) and Table 11 (VTOSS 2010) detail the distribution of the time vessels move across the 15 waterway locations depicted Figure 24. Each waterway location in Figure 24 is defined as a collection of grid cells of equal size. The second columns in Table 10 and Table 11 list the number of grid cells by waterway location. Hence, by dividing these grid cell numbers by the total number of grid cells one evaluates the relative area of a particular waterway location with respect to the total waterway coverage modeled in the VTRA study area. These percentages are listed in the third columns of Table 10 and Table 11. The number in brackets following this percentage is a waterways location ranking in size across these 15 waterway locations. Hence, for example, the largest area (WSJF) obtains rank 1 and the smallest area (Guemes) obtains rank 15.  
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The fourth columns in Table 10 and Table 11 list the number of days a vessel moves within a particular waterway location. Dividing the number of days by 365 provides the average number of vessels moving in a waterway location at an arbitrary point in time (the fifth columns in Table 10 and Table 11). If one divides the number of days vessels move in a particular waterway location by the total number of days these vessels move in the overall study area, one obtains the location’s percentage of total time of exposure, abbreviated TTE (the sixth columns in Table 10 and Table 11). Finally, by dividing a waterway locations % TTE by the relative size of a waterway location (the third columns in Table 10 and Table 11), one obtains a waterway location’s density factor (the last columns of Table 10 and Table 11). A density factor (DF) of 1.0 in Table 10  or Table 11 describes average density levels across the 15 waterway locations in that particular table. Hence from Table 10 (VTOSS 2005) it follows that in the Puget Sound South it was about 3.54 times as busy than average across the VTRA study area in 2005. The numbers in brackets in columns six and seven provide the rank of a particular waterway location in that column. Thus, for example, in Table 10 (VTOSS 2005) the WSJF ranks first in area, second in % TTE and finally tenth in terms of density factor. Concentrating on the time of exposure rankings in Table 10 and Table 11, all rankings remained the same except for the following:  1. Georgia Strait, Buoy J, West Strait of Juan de Fuca, San Juan Islands and Saragota/Skagit waterway locations went up two, two, one, one and one positions in ranking, respectively, from the VTOSS 2005 analysis to the VTOSS 2010 analysis. 2. Puget Sound South, Tacoma South, Rosario and Saddlebag went down three, two, one and one positions in ranking, respectively, from the VTOSS 2005 analysis to the VTOSS 2010 analysis.  Concentrating on density factor rankings in Table 10 and Table 11, all rankings remained the same except for the following: 1. Buoy J and Puget Sound North waterway locations went up two and one positions in ranking, respectively, from the VTOSS 2005 analysis to the VTOSS 2010 analysis. 2. Tacoma South and Saddlebag waterway locations went down two and one positions in ranking, respectively, from the VTOSS 2005 analysis to the VTOSS 2010 analysis.  In Figure 37, the % TTE of the 15 waterway location in Figure 24 are depicted using a tornado diagram format.  In the right panel of Figure 37, the same ranking is used as in the left panel to allow for a visual comparison of the change in TTE percentages going from VTOSS 2005 to VTOSS 2010 analysis. Moreover, % TTE in the right panel in Figure 37 are  
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Table 10. Route and density data by waterway location generated using the GW/VCU MTS simulation model with 
2005 VTOSS data and location definitions in Figure 24. 

  
Table 11. Route and density data by waterway location generated using the GW/VCU MTS simulation model with 
2010 VTOSS data and location definitions in Figure 24. 

 

LOCATION # Grid Cells % Area - Rank
# Vessel days 

moving per year
Average # of 

Vessels
% of TTE - Rank

Density Factor 
(DF) - Rank

WSJF 2857 19.6% - (1) 3816.9 10.5 14.2% - (2) 0.72 - (10)

PS South 619 4.3% - (9) 4054.0 11.1 15.1% - (1) 3.54 - (1)

Guemes 127 0.9% - (15) 574.3 1.6 2.1% - (11) 2.45 - (3)

ESJF 2049 14.1% - (2) 3546.9 9.7 13.2% - (3) 0.94 - (8)

Georgia Str. 1424 9.8% - (5) 3319.8 9.1 12.3% - (4) 1.26 - (7)

PS North 983 6.8% - (7) 2957.3 8.1 11.0% - (5) 1.63 - (5)

Saddlebag 375 2.6% - (11) 1289.0 3.5 4.8% - (8) 1.86 - (4)

Haro/Boun. 1066 7.3% - (6) 2725.4 7.5 10.1% - (6) 1.38 - (6)

Rosario 307 2.1% - (13) 1436.1 3.9 5.3% - (7) 2.53 - (2)

Bouy J 1478 10.2% - (4) 1263.4 3.5 4.7% - (9) 0.46 - (13)

ATBA 1520 10.5% - (3) 86.8 0.2 0.3% - (15) 0.03 - (15)

Tac. South 326 2.2% - (12) 349.7 1.0 1.3% - (12) 0.58 - (11)

SJ Islands 259 1.8% - (14) 237.0 0.6 0.9% - (14) 0.49 - (12)

Sar./Skagit 459 3.2% - (10) 270.2 0.7 1.0% - (13) 0.32 - (14)

Islands Trt 696 4.8% - (8) 967.8 2.7 3.6% - (10) 0.75 - (9)

Total 14545 100.0% 26894.6 73.7 100.0% 1.0

LOCATION # Grid Cells % Area - Rank
# Vessel days 

moving per year
Average # of 

Vessels
% of TTE - Rank

Density Factor 
(DF) - Rank

WSJF 2857 19.6% - (1) 4157.3 11.4 14.9% - (1) 0.76 - (10)

PS South 619 4.3% - (9) 3527.5 9.7 12.6% - (4) 2.97 - (1)

Guemes 127 0.9% - (15) 475.1 1.3 1.7% - (11) 1.95 - (3)

ESJF 2049 14.1% - (2) 3687.4 10.1 13.2% - (3) 0.94 - (8)

Georgia Str. 1424 9.8% - (5) 3862.5 10.6 13.8% - (2) 1.41 - (7)

PS North 983 6.8% - (7) 3420.7 9.4 12.3% - (5) 1.81 - (4)

Saddlebag 375 2.6% - (11) 1089.6 3.0 3.9% - (9) 1.51 - (5)

Haro/Boun. 1066 7.3% - (6) 2960.0 8.1 10.6% - (6) 1.45 - (6)

Rosario 307 2.1% - (13) 1349.6 3.7 4.8% - (8) 2.29 - (2)

Bouy J 1478 10.2% - (4) 1414.8 3.9 5.1% - (7) 0.50 - (11)

ATBA 1520 10.5% - (3) 170.5 0.5 0.6% - (15) 0.06 - (15)

Tac. South 326 2.2% - (12) 227.2 0.6 0.8% - (14) 0.36 - (13)

SJ Islands 259 1.8% - (14) 240.7 0.7 0.9% - (13) 0.48 - (12)

Sar./Skagit 459 3.2% - (10) 302.6 0.8 1.1% - (12) 0.34 - (14)

Islands Trt 696 4.8% - (8) 1017.5 2.8 3.6% - (10) 0.76 - (9)

Total 14545 100.0% 27903.1 76.4 100.0% 1.0
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Figure 37. % of total time of exposure (TTE) of VTRA model using VTOSS 2005 data by waterway location. Left 
Panel: VTOSS 2005 percentages of 2005 TTE; Right Panel: VTOSS 2010 percentages of 2005 TTE  

 
Figure 38. 2005 density factors of VTRA model using VTOSS 2005 data by waterway location. Left Panel: VTOSS 
2005 density factors using VTOSS 2005; Right Panel: 2005 density factor using VTOSS 2010. expressed in terms of 2005 TTE. Hence, in terms of VTOSS 2005 TTE, the Puget Sound South went down from 15.1% to 13.1%. Similar conclusions can be drawn for the other locations from Figure 37. In Figure 38, the density factors and rankings of the 15 waterway location in Figure 24 are depicted using a tornado diagram format.  In the right panel of Figure 37, the same ranking is used as in its left panel to allow for a visual comparison of the change in density factors going from VTOSS 2005 to VTOSS 2010 analysis. Moreover, the density factor in the right panel of Figure 33 is expressed in terms of 2005 density factors. Hence, in terms of VTOSS 2005 density factor, the Puget Sound South went down from 3.54 to 3.08. Similar conclusions can be drawn for the other locations from Figure 38. 
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Comparison by waterway locations and vessel master type In Figure 39 the % TTE is plotted by waterway location and vessel mastertype for the VTOSS 2005 analysis. The left panel plots these percentages for tanker, cargo and tug-tow vessels, whereas the right panel shows them for service, passenger and fishing vessels. The ordering along the waterway location axes in Figure 39 follows the ranking of the left panel tornado diagram in Figure 37 (i.e. the ranking that follows from the VTOSS 2005 analysis).  In Figure 40 the % of TTE is plotted by waterway location and vessel mastertype for the VTOSS 2010 analysis. The left panel plots these percentages for tanker, cargo and tug-tow vessels, whereas the right panel shows them for service, passenger and fishing vessels. The ordering along the waterway location axes in Figure 39 here too follows the ranking of the left panel tornado diagram in Figure 37 (i.e. the ranking that follows from the VTOSS 2005 analysis) to allow for a visual comparison between Figure 39 and Figure 40. Concentrating on the distribution across the 15 waterway locations by vessel master type  going from Figure 39 (VTOSS 2005) to Figure 40 (VTOSS 2010) one can visually (but cautiously) draw the following conclusions: 1. One observes a remarkable agreement and stability between these figures in terms of their overall patterns.  2. A decrease in passenger vessels is observed in the Puget Sound South going from the right panel in Figure 39 (VTOSS 2005) to the right panel in Figure 40 (VTOSS 2010).  3. One observes a slight increase for cargo vessel across the 15 waterway locations in the left panel of Figure 40 (VTOSS 2010) compared to the left panel in Figure 39 (VTOSS 2005) with the most notable increase in the West Strait of Juan de Fuca.  4. A similar increase in Tug-tow operations is observed in the Puget Sound North as a decrease in the Puget Sound South in the left panel of Figure 40 (VTOSS 2010) explaining the differences in tug-tow operations observed in Figure 39 (VTOSS 2005) and Figure 40. 5. Service level operations are down in the Strait of Juan de Fuca going from the right panel in Figure 39 (VTOSS 2005) to the right panel of Figure 40 (VTOSS 2010). 6. Tanker level operations seem to have stayed relatively stable going from Figure 39 (VTOSS 2005) to Figure 40 (VTOSS 2010).   
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From the above we can conclude that in the VTRA 2005 model (54%-37%) = 17% of the total traffic is accounted for inside the larger red rectangle, but outside the smaller one. Finally, one concludes from Figure 41 that (100%-54%) = 46% is accounted for outside the larger red square, but within the blue border of the VTRA study area. All these percentages are evaluated in terms of total 2005 traffic density. The color scale in Figure 41 compares the time of exposure of a particular grid cell to a moving vessel within it to the average exposure of vessels moving within a grid overall grid cells in Figure 41. The color yellow coincides with this average as indicated by the factor 1.0 to the right of the yellow color in the color legend. Those grid cells with an exposure less than average are assigned a color below the yellow color and those that are above get a color assigned above the yellow color. To the right of each color on the color legend it is indicated by what approximate factor the exposure in the particular grid cell differs from the observed average across all grid cells.   In Figure 42, we present a geographic profile of all traffic combined for the GW/VCU model using VTOSS 2010 data, but as in the case of Figure 41 also including whale watching, commercial and tribal fishing openers and organized regatta events modeled for the year 2005 (which was not updated). The percentages in Figure 42 are all evaluated with respect to the total 2005 traffic density. Thus the percentages in the middle of Figure 42 do not coincide with the percentages evaluated in the right panel of Figure 36. The latter are evaluated in terms of 2010 total traffic density. The color legend in Figure 42 is also the same as the color legend in Figure 41. Hence, by observing color changes from Figure 41 to Figure 42 one observes changes in overall traffic density going from 2005 to 2010. For example, at about the middle of the larger red rectangle we see a reduction in traffic density going from Figure 41 to Figure 42.  In retaining percentage calculation in Figure 42 with respect to 2005 overall traffic the following conclusion can be drawn by comparing Figure 42 and Figure 41: 1. Overall the traffic went up from 100% to 104% going from 2005 to 2010. 2. The traffic density in the larger red rectangle increased from 54% to 55% going from 2005 to 2010. 3. The traffic density in the smaller red rectangle decreased from 37% to 36% going from 2005 to 2010. 4. The traffic density inside the larger red rectangle, but outside the smaller one, increased from (54%-37%)=17% to (55%-36%)=19%. 5. The traffic density outside the larger red rectangle, but within the blue border of the VTRA study area increased from (100%-54%)=46% to (104%-55%)=49%.  
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Of course, the conclusions above do not detail changes with respect to vessel master types. Hence, Figure 43 and Figure 44 provide for such a geographic profile comparison for just the cargo vessel master type. Now, the 100% in the top left blue border in Figure 43 relates to the total cargo traffic density in 2005, whereas the 140% in the top left blue border relates to the total cargo traffic density in 2010, but evaluated in terms of the 2005 total cargo density. Thus, overall it would appear that cargo density increased from 100% to 140% going from Figure 43 (2005) to Figure 44 (2010). As before, the color legend in Figure 44 is chosen the same as in Figure 43 so one can visually observe where those changes have occurred. Overall one observes the darker colors have gotten darker going from Figure 43 (2005) to Figure 44 (2010). This would indicate a distributed increase in cargo vessels consistent with the conclusion drawn by comparing the left panels in Figure 39 and Figure 40.  By comparing, the middle of Figure 39 and Figure 40 one concludes that the increase in cargo traffic primarily has to arise from the increase from 13.5% to 37.9% for container vessels. This is in fact consistent with the factor 2.81 reported in the top left corner of the right panel in Figure 29. However, it was this factor that led us to validate the VTOSS 2010 crossing line counts to AIS 2010 crossing line counts in Section 5, since what appeared to be an inconsistency with changes in cargo traffic reported in Figure 30 and Figure 31 by the MXPS and USCG. Unfortunately, such an AIS validating data source was not and is not available in 2005 leading to the following three possible explanations: 1. Container traffic did increase from 2005 to 2010. 2. Container traffic in 2005 was under reported in VTOSS 2005 due to a misclassification of vessel types. 3. Container traffic in 2010 was over reported in VTOSS 2010 due to a misclassification of vessel types.  We can only conjecture at this time that explanation two is the more likely explanation given our observation in Table 4 and the relative small number of percentage container traffic (13.5%) represents in Figure 43 as compared to the percentage container traffic (37.9%) representing in Figure 44. This is reinforced by the observation that all other major cargo types are up in the middle of Figure 44. Overall, however, the explanation of the factor 2.81 is quite likely a combination of the above three explanations. This lack of being able to provide a conclusive explanation only emphasizes more the value of the validation of the VTOSS 2010 crossing line counts to the AIS 2010 crossing line counts described in Section 5. A comparison of traffic densities by other vessel master types is provided as follows: 1. Tanker traffic density:  Figure 45 (2005) and Figure 46 (2010) 
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2. Tug-tow traffic density: Figure 47 (2005) and Figure 48 (2010) 3. Passenger traffic density: Figure 49 (2005) and Figure 50 (2010) 4. Fishing traffic density: Figure 51 (2005) and Figure 52 (2010) 5. Service vessel traffic density: Figure 53 (2005) and Figure 54 (2010)  We close the comparison of the geographic profile traffic densities by the summary analysis presented in Table 12 related the VTRA blue border, larger red rectangle and smaller red rectangle percentage comparisons by vessel master type. The bottom part of Table 12 evaluates the relative increase from 2005 to 2010 in a particular sub area. For example, the relative increase in total density outside the large red rectangle from 2005 to 2010 is 106% as opposed to an overall increase for the entire study area of 103.7%. As another example, we observe that cargo (136%) and Tug-tow (103%) are up in the smaller red rectangle, passenger (90%), fishing (95%), service (45%) are down and tanker traffic (100%) retained the same level.   
Table 12. A comparison of VTOSS 2005 and VTOSS 2010 geographic profiles by areas indicated therein. 

   

MASTER TYPE % TTE
VTRA STUDY 

AREA
INSIDE LARGER 

RED RECTANGLE
OUTSIDE LARGE 
RED RECTANGLE

INSIDE SMALLER 
RED RECTANGLE

OUTSIDE SMALL, 
INSIDE LARGE 

RED RECTANGLE
Cargo 13.7% 100% 45% 55% 22% 23%
Tanker 3.4% 100% 45% 55% 25% 20%
Tugtow 18.7% 100% 47% 53% 30% 17%

Passenger 25.0% 100% 37% 63% 20% 17%
Fishing 36.5% 100% 72% 28% 59% 13%
Service 2.7% 100% 57% 43% 20% 37%

Total 100.0% 100% 54% 46% 37% 17%
Cargo 19.2% 140% 61% 79% 30% 31%
Tanker 3.3% 98% 44% 54% 25% 19%
Tugtow 20.4% 109% 53% 56% 31% 22%

Passenger 23.4% 94% 39% 55% 18% 21%
Fishing 35.8% 98% 67% 31% 56% 11%
Service 1.6% 59% 26% 33% 9% 17%

Total 103.7% 104% 55% 49% 36% 19%
Cargo 139.70% 140% 136% 143% 136% 135%
Tanker 98.00% 98% 98% 98% 100% 95%
Tugtow 109.00% 109% 113% 106% 103% 129%

Passenger 94.00% 94% 105% 87% 90% 124%
Fishing 98.00% 98% 93% 111% 95% 85%
Service 59.10% 59% 46% 77% 45% 46%

Total 103.70% 104% 102% 106% 97% 112%
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7. Time series comparison of VTOSS 2005 and VTOSS 2010 traffic Table 5 and Table 6 contain evaluations for the average number of vessels by master type at an arbitrary point in time during the year. The actually number of vessel by master type fluctuates considerably. To give an indication of the observed fluctuation we are providing below time series (at 15 minute intervals) of number of vessels within the VTRA study area by master type for the GW/VCU VTRA model using VTOSS 2005 and VTOSS 2010 data. Finally, one observes from the time series that passenger (Figure 59) and fishing vessels (Figure 60) exhibit seasonal components, whereas cargo (Figure 55), tanker (Figure 56), tug-tow (Figure 57) and service vessels (Figure 58) do not and exhibit the same fluctuations throughout the year.   
Table 13. Minimum, Average and Maximum number of vessels evaluated in the GW/VCU VTRA model using 
VTOSS 2005 and VTOSS 2005 data. 

  

 
Figure 55.  Left panel: Time series of counts of all cargo vessels in the system for the GW/VCU MTS simulation 
model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset. 

2005 2010

MASTER TYPE Min Average Max Min Average Max

Cargo 0 10.2 25 0 14.2 31

Tanker 0 2.5 13 0 2.4 10

Tugtow 0 13.8 33 0 15.1 33

Passenger 0 18.5 159 0 17.3 134

Fishing 0 27.0 218 0 26.5 219

Service 0 2.0 10 0 1.2 8

Total 0 74.0 318 0 76.7 283
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Figure 56. Left panel: Time series of counts of all tankers in the system for the GW/VCU MTS simulation model 
using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset.  

 
Figure 57. Left panel: Time series of counts of all Tug-tows  in the system for the GW/VCU MTS simulation model 
using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset.  

 
Figure 58. Left panel: Time series of counts of all service vessels in the system for the GW/VCU MTS simulation 
model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset. 
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Figure 59. Left panel: Time series of counts of all passenger vessels in the system for the GW/VCU MTS simulation 
model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset.  

 
Figure 60. Left panel: Time series of counts of all fishing vessels in the system for the GW/VCU MTS simulation 
model using the VTOSS 2010 dataset; Right panel:  Same using the VTOSS 2005 dataset.    
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8. Crossing line comparison of VTOSS 2005 and VTOSS 2010 traffic As a matter of completeness, we provide in Table 14 the crossing line counts (see Figure 32) as evaluated by the GW/VCU VTRA model using VTOSS 2005 data. Crossing line counts as evaluated by the GW/VCU VTRA model using VTOSS 2010 data were provided in Table 9. The latter counts were validated for the vessel master types cargo, tanker and passenger against AIS 2010 crossing line counts in Section 5. Unfortunately such an independent validating data source was not and is not available to validate the VTOSS 2005 crossing line counts in Table 14. If such a data source would have been available and if VTOSS 2005 crossing line counts were validated therewith, one would have been able to extract specific findings from the comparison of Table 9 and Table 14 by vessel master types. However, due to the lack thereof, one ought to be extremely cautious in drawing such conclusions, if at all.  For this reason we shall restrict ourselves to a comparison of total counts of cargo vessels and tankers across counting line but restricted either Table 9 or Table 14, and compare those counts to the ones evaluated using AIS 2010 data. Overall there was agreement in terms of Cargo and tanker crossing line counts between AIS 2010 and VTOSS 2010, whereas some differences were observed in terms of passenger vessel crossing counts (see Figure 33, Figure 34 and Figure 35 in Section 5), in particular in the north bound Georgia Strait direction. Table 15 summarizes this comparison.  
Table 14. GW/VCU VTRA model crossing line counts using VTOSS 2005 data by vessel master type. 

  One observes from Table 15 that there is general agreement amongst AIS 2010, VTOSS 2010 and VTOSS 2005 that the crossing line count of cargo vessels and tankers at the West Strait of Juan de Fuca is about a factor 1.5 higher than at the Georgia Strait counting line (156.8%, 160.6% and 151.8%, respectively). Comparing the Puget Sound crossing line we have for AIS 2010, VTOSS 2010 and VTOSS 2005 75%, 81.6% and 56.1% of Georgia Strait counting line crossings. Hence, we conclude a stronger agreement here between AIS 2010 and VTOSS 2010, than AIS 2010 and VTOSS 2005 in this regard. Overall it is reasonable to 

Master Type TOT WSJF W-E TOT WSJF E-W TOT G_STR N-S TOT G_STR S-N TOT PS N-S TOT PS S-N

Cargo 2192 1969 1532 1776 933 909

Tanker 706 640 135 185 98 97

TugTow 77 116 485 641 1839 1321

Service 43 279 46 10 166 84

Passenger 335 157 145 322 333 728

Fishing 3806 3725 157 407 244 467

Total 7159 - 100% 6886 - 96% 2500 - 100% 3341 - 134% 3613 - 100% 3606 - 100%
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conclude that in terms of crossing of tankers and cargo vessels the West Strait of Juan de Fuca counting line ranks first, followed by the Georgia Strait Counting line and next the Puget Sound crossing line.   
Table 15. Total crossing line counts of cargo and tankers using AIS 2010 data, and those evaluated by the 
GW/VCU VTRA model using VTOSS 2010 and VTOSS 2005 data. 

 
  

DATA SOURCE WSJF GEORGIA STRAIT PUGET SOUND

AIS 2010 7752 - (156.8%) 4944 - (100.0%) 3710 - (75.0%)

VTOSS 2010 7549 - (160.6%) 4701 - (100.0%) 3838 - (81.6%)

VTOSS 2005 5507 - (151.8%) 3628 - (100.0%) 2037 - (56.1%)
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9. Conclusions, Findings and Recommendations The purpose of this project is to update the 2005 VTRA model using the 2010 VTOSS dataset to more closely approximate the present-day patterns in traffic for future use of the GW/VCU VTRA model to inform, for example, the State of Washington and the United States Coast Guard on what potential actions should be taken to mitigate potential increases in oil spill risk from large commercial vessel oil spills in the northern Puget Sound and the Strait of Juan de Fuca areas. In addition, this update will allow for a 2005 – 2010 VTRA model comparison in terms of overall traffic in the VTRA study area. In updating the GW/VCU MTS model from VTOSS 2005 to VTOSS 2010, not only has an unprecedented level of detail been provided in replicating maritime traffic, but more importantly this update has been validated using a separate independently collected data source. Specifically, the model update was validated using 2010 Automatic Independent Surveillance (AIS) crossing line count data provided by the Marine Exchange Puget Sound (MXPS). For example, Figure 33 compares the number of cargo, tanker and passenger vessels entering or leaving the entrance of the Strait of Juan de Fuca evaluated by the GW/VCU model updated with VTOSS 2010 data to those recorded by AIS in 2010. During the development of the 2005 VTRA a similar validating data source was unfortunately not available.  An overall traffic density comparison analysis using the GW/VCU MTS model has been presented in this report comparing the 2005 and 2010 VTOSS datasets by cargo vessel, tankers, passenger, service, tug-tow and fishing vessels.  One ought to exercise caution interpreting such a comparison due to modeling enhancements of the GW/VCU MTS model included in this update. For example, a vessel’s individual route has been retained in the VTRA update whereas in the GW/VCU MTS model using VTOSS 2005 data representative vessel routes were constructed by vessel type. The lack of an AIS 2005 validation data source for the 2005 VTRA only adds to that caution.  In the VTOSS 2010 based model, fishing and passenger vessels account for over half the total traffic (in terms of time on the water), at 34.5% and 22.6% of the total (see the right panel of Figure 36).  Tug-tow and cargo then account for 19.7% and 18.5% of the total traffic, while tankers account for 3.2%. The final 1.5% is service vessels. Restricting ourselves to tanker, cargo and tug-tow traffic (in light of planned future commercial projects in the VTRA study area and with an eye towards larger potential oil spills), Figure 3 depicts the percentage of time that such vessels move within the 15 waterway locations defined in Figure 24. Considering the geographic locations of tanker, cargo and tug-tow traffic in Figure 3, the largest proportion is in the west and east Straits of Juan de Fuca, at 23.2% and13.3%, the north and south Puget Sound, at 16.4% and 9.4%, and Haro Strait/Boundary Pass and Georgia Strait, at 9.9% and 10.1%.  
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However, one must also consider the size of these various waterways, so it is more informative to consider the density of tanker, cargo and tug-tow traffic in these locations. In terms of density factor (see Figure 4), the north and south Puget Sound are the highest at factors 2.43 and 2.22 times the average numbers of vessels at any given point in time. The next two densest geographic locations are Rosario Strait and Haro Strait/Boundary Pass with multipliers 1.97 and 1.35.  The west and east Straits of Juan de Fuca factors are 1.18 and 0.94 respectively, while Georgia Strait’s multiplier equates 1.03. Even these statistics hide detail of the overall traffic distribution in the study area. Figure 44, 45, 47, 49, 51, and 53 display geographic profiles of traffic density by the six master vessel types for the VTOSS 2010 case. All these figures serve as a reminder that “the world is not average” and thus neither is a Maritime Transportation System (MTS). The density of each type of traffic varies across the various geographic locations and even within them.  That is, different vessels go to different locations and so each location has a different traffic profile. Summarizing, the geographic profiles allow for a detailed and refined consideration of traffic density levels across the VTRA study area.  A detailed consideration of traffic levels is particularly important as one moves forward to considering risk and potential changes in risk from the commercial projects being proposed for the northern Puget Sound and southern British Columbia over the next decade. To put it simply, keeping everything else the same, when traffic increases risk increases, unless mitigated. Further, there is no guarantee that risk increases due to traffic increases can be fully mitigated.  The challenge of risk management is for it to be location specific, taking into consideration the type and location of traffic and how it changes as a result of proposed traffic increases.  One must realize that risk does not necessarily disappear when mitigated locally, but tends to migrate. Such mitigations are preferably avoided in a sound risk management strategy, but some risk migration may be inevitable. Needless to say, risk mitigation at one location ought not result in an increase in risk elsewhere that is larger. This begs the question, when faced with perhaps inevitable traffic increases how can one manage risk increases that cannot be fully mitigated? One approach could be to evenly distribute future risk across the affected area, i.e. to allow for risk increases in locations that currently have low risk levels compared to those that are already higher. On the other hand, should one aim for an equitable distribution of future risk and allow for each location to have a similar percentage increase in risk relative to that location? These are important questions to be considered for the Puget Sound Partnership project using the GW/VCU VTRA model VTOSS 2010 update as a starting point and can only be answered utilizing the collaborative analysis approach (see, [1]). No doubt these questions are equally important in other ongoing studies considering the potential risk of traffic increases as a result of 



FINAL REPORT: VTRA UPDATE 2013  

77 Prepared for MAKAH TRIBE - 4/10/2013 

future planned commercial projects. Summarizing, we advocate a systems approach towards risk management, not one that is just locally targeted missing potential side effects. In light of the observations in this VTRA update, while considering a longer-term view of risk management in the VTRA study area, we close with the observation that there is a serious need for an electronic data source that is cross-boundary (US and Canadian waters) where the vessel type is consistently defined and verified. Moreover, with the same eye towards risk management analysis it would be equally beneficial if such datasets records capture cargo or at a minimum cargo levels (laden, unladen, 50% laden, etc.). In particular, we would like to call out the need for recording at a greater consistency the barge type and cargo of tug-tows. VTOSS and AIS are such cross-boundary data sources and could serve this purpose.  However without currently possessing such a common and consistently recorded vessel identifier or vessel type classification as defined herein (see Table 3), VTOSS and AIS unfortunately still require vetting at the individual vessel level to serve that purpose. In this study, we have performed this vetting by vessel master type (see Table 3). We hope that other studies can benefit from the validated and vetted analysis of the VTOSS 2010 dataset performed in this project and presented in this report.   
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Appendix: Glossary and List of Acronyms 

• Allision–The collision of a vessel with its intended docking berth. 
• ATB – Articulated Tug Barge 
• Ecology – The Washington Department of Ecology’s Spill Prevention, Preparedness and 

Response Program which is the primary state organization with authority and accountability 
for managing oil and hazardous material spill risk state-wide.  Ecology is assisting PSP in 
conducting the VTRA with its expertise and experience. 

• EPA – Environmental Protection Agency. 
• MTS – Maritime Transportation System. 
• FV – Focus Vessel. 
• ITB – Integrated Tug Barge. 
• IV – Interacting Vessel. 
• MXPS – Marine Exchange Puget Sound. 
• NGO – Non-Governmental Organization.  
• NPO – Non-Persistent Oil 
• Study Area – The Washington waters of Puget Sound east of Cape Flattery, north of 

Admiralty Inlet and west of Deception Pass, and their approaches. 
• GW – George Washington University is the prime subgrant awardee. 
• VCU – Virginia Commonwealth University is a sub-awardee to GW. 
• GW/VCU – The technical team composed of GW and VCU. 
• PO – Persistent Oil. 
• PSP – The Puget Sound Partnership is the Washington state agency responsible for 

developing a Puget Sound Action Agenda, convening a Cross Partnership Oil Spill Work 
Group and for coordinating work to restore and protect Puget Sound. 

• PSHSC – The Puget Sound Harbor Safety Committee. 
• PSP Advisory Group – A steering committee of stakeholders advising the Puget Sound 

Partnership and GW/VCU over the course of this study. 
• QAPP – Quality Assurance Project Plan 
• USCG – US Coast Guard Sector Seattle, District 13. 
• VTOSS – Vessel Traffic Operational Support System 
• VTRA – Vessel Traffic Risk Assessment 
• VTS – Vessel Traffic Service is the real-time marine traffic monitoring system used by the 

USCG, similar to air traffic control for aircraft. 
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