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able: Eecus Vessel (FV) Classification for the 26 ViiOSS vessel type

classification used in the GWZVECUMIS simulation model:

- FV : Those vessels that are only considered as Interacting
- Vessels (1V) with Focus Vessels (FV) in this study
RGO —FV  : Bulk Carriers, Container Vessels, Other Cargo Vessels
: Oil Barge, Oil Tankers, Chem-Carrier, ATB

; Focus Vessels (FV’s) are also considered as Interacting Vessels
& (IV's) when interacting with another Focus Vessel.

FOC M! L2 #

# VESSEL TYPE
BULKCARRIER CARGO A

VESSEL TYPE FOCUS VESSEL?

1 PASSENGERSHIP NO
1::_—. 2 CHEMICALCARRIER TANK - FV REFRIGERATEDCARGO CARGO-FV

3 CONTAINERSHIP CARGO - FV ARCHSHIP NO

4 DECKSHIPCARGO CARGO - FV CARGOSHIP CARGO-FV

5 FERRY NO 181 R CARGOCONTSHIP CARGO-FV

6 FERRYNONLOCAL NO 19 UPPLYOFFSHORE NO

7 FISHINGFACTORY NO 20 TUGTOWBARGE NO

8 FISHINGVESSEL NO 21 UNKNOWN NO

9 LIQGASCARRIER TANK - FV 22 USCOASTGUARD NO

10 NAVYVESSEL NO 23 VEHICLECARRIER CARGO-FV

11 OILTANKER TANK - FV 24 YACHT NO

12 OTHERSPECIALCARGO CARGO - FV 25 ATB TANK - FV

13 OTHERSPECIFICSERV NO 26 OIL BARGE TANK - FV
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100% of Total Traffic Density

TOTAL 2010 TRAFFIC DENSAITY

75.2% - NON Focus Vessel
17.0% - CARGO Focus Vessel
7.8% - OIL Focus Vessel




Lhe Vessel"Trafic Operation Support System. (VTOSS)

CANADA / UNITED STATES
CO-OPERATIVE VESSEL TRAFFIC
MANAGEMENT SYSTEM
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Mercator Projection, Standard Parallel at 48°

Data Source: Canada Basemap (DCW), US Basemap (USGS), CVTMS (CCG)

Map produced by Canadian Coast Guard GIS, December 2007. Email us at ccggis @pac.dfo-mpo.ge.ca
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VTRA S atiaQ C z g e Dataase
NAME LAST_UDDTG | VSL_ID CALLSIGN LLOYDS_ID | FLAG SATCOMNUM | TYPE_ENC | TYPE_DEC POS_LAT POS_LONG POS_SRC | CVTS_ZONE FROM_AT NEXT_TO
ITB BALTIMORE | 200503112017 2005111414 | WXKM 8001189 us oT OIL TANKER 48.233 123.715 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112022 2005111414 | WXKM 8001189 us oT OIL TANKER 48.233 123.686 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112028 2005111414 | WXKM 8001189 us oT OIL TANKER 48.234 123.655 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112034 2005111414 | WXKM 8001189 us oT OIL TANKER 48.232 123.628 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112037 2005111414 1236 S PUG SAN F SEAT
ITB BALTIMORE | 200503112043 2005111414 | WXKM 8001189 us oT OIL TANKER 48.229 123.594 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112046 2005111414 | WXKM 8001189 us oT OIL TANKER 48.228 123.588 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112051 2005111414 | WXKM 8001189 us oT OIL TANKER 48.225 123.572 | AIS PUG SAN F SEAT
ITB BALTIMORE | 200503112057 2005111414 | WXKM 8001189 us oT OIL TANKER 48.221 123.546 | AIS PUG SAN F SEAT
ITB BALTIMORE 200503112103 2005111414 | WXKM 8001189 us oT OIL TANKER 48.213 123.522 | AIS PUG SAN F SEAT




EEMNISAAI®SSHEDatanase routestand Input files were
SEISHIGHEURIEL GESCHIE Vessell mOVEMEents arfiValSReNMOUIES:

anGNSTRESTRaV Al 2l ENEEtel
Source to dosciibe
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Vessel Name
ITB BALTIMORE
ITB BALTIMORE
ITB BALTIMORE
ITB BALTIMORE HERRY P U5 0.20 AN . O12500 Proau
ITB BALTIMORE CHERRY PT CALIF 3/26/05 10:41 PM 3001714 Product
ITB BALTIMORE CALIF CHERRY PT 4/6/05 9:10 PM 3012560 Product 48067 DB/SS
ITB BALTIMORE CHERRY PT CALIF 4/8/05 2:14 PM . 3001714 Product 48067 DB/SS
ITB BALTIMORE CALIF CHERRY PT 4/19/05 3:21 PM 3012560 Product 48067 DB/SS
ITB BALTIMORE CHERRY PT CALIF 4/21/05 1:10 AM . 3001714 Product 48067 DB/SS

VTS responding traffic moves over route segments
according to their arrivals in the VTOSS database

4500/ DB
48067 DB/SS
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The movements of whale watching vessels are determined by the movements
of the orca pods. The Sound Watch data gives the location of the orcas and
then the number of vessels within a 2 mile radius of them. We move the orcas
in the simulation and then add a swarm whale watching vessels around them.
The number of vessels in the swarm is varied over time according to the
counts in the Sound Watch data.




75.2% of Total Traffic Density

2010 NON FV — 75.2%0 of 2010:Total

41.3% - FISHINGVESSEL 02.1% - LOG_BARGE

18.1% - FERRY 01.7% - TUGTOWBARGE
06.8% - BULKCARGOBARGE 01.5% - USCOASTGUARD
06.0% - UNLADENBARGE 01.1% - FISHINGFACTORY
04.0% - YACHT 00.8% - RESEARCHSHIP
03.9% - NAVYVESSEL 00.7% - OTHERSPECIFICSERV
03.3% - TUGNOTOW 00.6% - CONTAINERBARGE
02.8% - FERRYNONLOCAL 00.2% - SUPPLYOFFSHORE
02.7% - PASSENGERSHIP 00.2% - CHEMICALBARGE
02.2% - WOODCHIPBARGE 00.0% - DERRICKBARGE




17.0% of Total Traffic Density

2010 CARGO FV — 17.0%b of 2010 Total

- BULKCARRIER

- CONTAINERSHIP

- OTHERSPECIALCARGO
- VEHICLECARRIER

- ROROCARGOCONTSHIP
- ROROCARGOSHIP

- DECKSHIPCARGO

- REFRIGERATEDCARGO




7.8%0 of Total Traffic Density

2010 TANK FV — 7.8%0 of 2010 Total

54.5% - OILBARGE

24.4% - OILTANKER

11.3% - CHEMICALCARRIER
09.8% - ATB
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able: Eecus Vessel (FV) Classification for: the 26 ViiOSSivessel type
classificationiusedinthe GW7ZVEU MIlS simulation moedel:

: Those vessels that Interacting Vessels (IV)"'—
with Focus Vessels (FV)
CAS| CARGO FV: Bulk Carrlers Container Vessels, Other Cargo
| in VTRA 2010 Base Case
5E TANK — FV : Oil Barge, Oil Tankers, Chemical Carrier, ATB ‘s
g that travel in VTRA 2010 Base Case
F—FV : CARGO AND TANK FV’S added to VTRA 2010
: Base Case to model What-If Scenario

__ .-Focus Vessels (FV’s) are also considered as Interacting Vessels
- (IV's) when interacting with another Focus Vessel.

e
e n VESSEL TYPE FOCUS VESSEL? n VESSELTYPE FOCUS VESSEL?

BULKCARRIER CARGO - FV PASSENGERSHIP NO
CHEMICALCARRIER TANK - FV REFRIGERATEDCARGO CARGO-FV
CONTAINERSHIP CARGO - FV RESEARCHSHIP NO
DECKSHIPCARGO CARGO - FV ROROCARGOSHIP CARGO-FV
FERRY NO ROROCARGOCONTSHIP CARGO-FV
FERRYNONLOCAL NO SUPPLYOFFSHORE NO
FISHINGFACTORY NO TUGTOWBARGE NO
FISHINGVESSEL NO UNKNOWN NO
LIQGASCARRIER TANK - FV USCOASTGUARD NO
NAVYVESSEL NO VEHICLECARRIER CARGO-FV
OILTANKER TANK - FV YACHT NO
OTHERSPECIALCARGO CARGO - FV ATB TANK - FV
OTHERSPECIFICSERV NO OIL BARGE TANK - FV

1
2
3
4
5
6
7
8
9




DEFINITION OF 15 WATERWAY LOCATIONS

1.
2.
3.
4.
S.
6.
1.
8.

Buoy J
ATBA

WSJF

ESJF
Rosario
Guemes
Saddlebag
Georgia Str.

9. Harp/Boun.

10.PS North
11.PS South
12. Tacoma
13. Sar/Skagit
14.SJ Islands
15. Islands Trt

r
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’FI’EFE 2010 YEAR IS CONSIDERED THE BASE CASE YEAR AND A

_:'__._.BASE CASE YEAR POTENTIAL IS EVALUATED.

“NEXT, WHAT-IF SCENARIOS ARE DEVELOPED FROM THE BASE
CASE BY ADDING ADDITIONAL HYPOTHETICAL TRAFFIC AND A
WHAT-IF POTENTIAL IS EVALUATED AND COMPARED
RELATIVE TO THE BASE CASE TO INFORM RISK MANAGEMENT.
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- 32118 Delta Port Bulk Carriers + Bunkering Barges

- 67 Delta Port Container Ships+ Bunkering Barges



| P: ALL FV Traffic Density

65.7% - CARGO Focus Vessel
34.3% - OIL Focus Vessel
00.0% - WHAT-IF Focus Vessel



T: ALL FV Traffic Density

66.3% - CARGO Focus Vessel
34.0% - TANK Focus Vessel
24.4% - WHAT IF Focus Vessel




VWATERVWAY LOCATHON

VESSEL MHMEEXEOSUREIANALYSISI=ALTEFOCUSVESSELS

Sy

WSJF:

ESJF:
:+1.1%
:+5.1%

PS North

Haro/Boun.

PS South :
14+2.9%
:+2.3%
:+1.1%
:+0.0%
Saddlebag:
:+0.2%

Georgia Str.
Buoy]
Rosario
Islands Trt

Guemes

Tac. South :

+8.1%
+2.9%

+0.2%

+0.8%

+0.0%

Sar/Skagit: 0.0%
ATBA:0.0%
SJIslands : 0.0%

24.7%
of 2010 Base Case
ALL FV - VTE

% Base Case Vessel Time Exposure (VTE) - ALL_FV

37.7%
— 2.9 .6% _ _ _ _
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0.1%
0.0
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ET:GW-KM-DP:124.7% u P:BASECASE:100.0%

% Base Case Vessel Time Exposure (VTE) - ALL_FV




T: WHAT-IF FOCUS VESSEL
Traffic Density

T : WHAT-IF FV TRAFFIC DENSITY

12.5% - BULK CARGO
01.8% - CONTAINERSHIP
07.3% - TANKER

02.7% - OILBARGE
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DEFINITION OF 15 WATERWAY LOCATIONS

1.
2.
3.
4.
S.
6.
1.
8.

Buoy J
ATBA

WSJF

ESJF
Rosario
Guemes
Saddlebag
Georgia Str.

9. Harp/Boun.

10.PS North
11.PS South
12. Tacoma
13. Sar/Skagit
14.SJ Islands
15. Islands Trt

r



P: ALL FV POTENTIAL COLL. FREQUENCY (PCF)

w—

CASE P: POTENTIAL COLL. FREQ. (PCE)

20.3% - CARGO Focus Vessel
79.7% - TANK Focus Vessel
00.0% - WHAT-IF Focus Vessel



T: ALL FV POTENTIAL COLL. FREQUENCY (PCF)

21.1% - CARGO Focus Vessel
81.1% - TANK Focus Vessel
18.4% - WHAT-IF Focus Vessel




WAL S RWANE HOICANF [O))\

Potential Collision Ered. Comparnson — AL EV.

% Base Case Collision Frequency - ALL_FV
Guemes : +5.9% 27.3% 33.2%
ISIANAS TrE : +0.7% | — 0 0, 32.6/273~1.21 _
PS South : +0.6% N 5
PSNOrth : +1.5% |— —g-0%
Haro/Boun. : +3.00, | i;_;;/;_“i_z_'s_%_- 12.5/86~1.46
Rosario : +1.80, |—— i;__l;/?'_g% ___________________________________
TacSouth:00% 10 - S0
WSJF: +2.5% | 380 Ok 6&.8Azﬂ ________________________________________
= ESJF: +0.8% | 80" OND -
-' Georgia Str.: +0.8% |mmmm—m 2. lgz_)/((’)_o/_“ ____________________ ¥ O o
= Saddlebag: +1.5% 2500 m&
: Buoy) :+0.5% [y %l 19/12~163 < 4
Sistands:o0% | 03%
Sar/Skagit:0.0% |99
ATBA:0.0% | 3:9%
0% 5% 10% 15% 20% 25% 30% 35% 40%
20.6% + % Base Case Collision Frequency (CF) - ALL_FV

of 2010 Base Case
ALL FV - PCF ET:GW-KM-DP:120.6% = P:BASECASE:100.0%




T: WHAT-1F FV POTENTIAL
COLLISION FREQUENCY (PCF)

03.6% - BULK CARGO
00.7% - CONTAINERSHIP
03.1% - TANKER

10.9% - OILBARGE

$488.4% OF 18.4% PCF
BY INTERACTING
VESSEL TYPE

8.8% - FISHINGVESSEL
1.9% - BULKCARRIER
1.6% - FERRY

1.1% - OILTANKER

0.8% - BULKCARGOBARGE
0.5% - FERRYNONLOCAL
0.5% - UNLADENBARGE
0.4% - CONTAINERSHIP
0.3% - NAVYVESSEL

0.3% - OILBARGE




WAL S RWANE HOICANF [O))\

Potential Collision Ereq. Comparson — \WHAI=IE RV

% Base Case Collision Frequency - WhatlIf

Guemes: +6.5%
Islands Trt : +0.0%
PS South : +0.6%
PSNorth : +1.5%
Haro/Boun. : +3.3%
Rosario : +1.8%
Tac. South : 0.0%
WSJF: +2.0%

ESJF: +0.8%
Georgia Str.: +0.6%
Saddlebag: +0.9%
Buoy] : +0.3%
SJIslands: +0.0%
Sar/Skagit: +0.0%
ATBA: +0.0%

LR (1

0% 1% 2% 3% 4% 5% 6% 7%

18.4% % Base Case Collision Frequency (CF) - WhatlIf
of 2010 Base Case
ALL FV - PCF ET:GW-KM-DP:18.4% m P: BASE CASE:0.0%
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DEFINITION OF 15 WATERWAY LOCATIONS

1.
2.
3.
4.
S.
6.
1.
8.

Buoy J
ATBA

WSJF

ESJF
Rosario
Guemes
Saddlebag
Georgia Str.

9. Harp/Boun.

10.PS North
11.PS South
12. Tacoma
13. Sar/Skagit
14.SJ Islands
15. Islands Trt

r



P: ALL FV POTENTIAL
COLLISION OIL (FUEL + CARGOQO) LOSS (PCO)

P: POTENTIAL COLL. OIL LOSSYPCO)

03.0% - BULK CARGO
04.1% - CONTAINERSHIP
01.4% - OTHER CARGO
21.4% - OIL BARGE

54.2% - TANKER

13.3% - CHEMICAL CARRIER
02.6% - ATB

00.0% - WHAT-IF FV

100.0%0 of 2010



T: ALL FV POTENTIAL
COLLISION OIL (FUEL + CARGOQ) LOSS (PCQO)

T: POTENTIAL COLL. OIL LOSSYPCO)

- BULK CARGO

- CONTAINERSHIP

- OTHER CARGO

- OIL BARGE

- TANKER

- CHEMICAL CARRIER
- ATB

- WHAT-IF FV

188.8%0 of 2010



VWATERVWAY LOCATHON

Potential Collision OIlflessiCompanson — AL EV.

LA L

0% Base Case Collision Oil Loss - ALL_FV

Guemes:+18.3% 30 8% 49.1%

ROSATIO : +2.50% [ ;(_,__8%2'_3_% ____________________ 49.1/30.8 ~ 1.57
ESJF: 47,60 [ooe—15.6% T
PSNorth : +1.20 [ommmmmmmss 5,00, 7 L
WSJF: +12.8% e — 195% 195/6.7~2.92 T
Saddlebag: -2.4% |[mmmmtive O 0
PSSouth : +0.80, |=— 740 WM gl
Haro/Boun. : +35.4% @t — T

IslandsTrt : +0.7% |emmm =50 A o 40.9/5.6 ~ 7.36
Georgia Str.: +5.7% |mm oo /8% 78/ 1w --------------------------------------
Buoy] : +6.5% ___1__{;0_/0 _____ 83% O A&7 Vel
Tac. South:0.0% § 4% 83/1 8~ 450 AT ATv e

S]Islands : +0.0% 8:8%’

0.09
ATBA:0.0% | 007

Sar/Skagit: 0.0% 8:8%

0% 10% 20% 30% 40% 50%

89.1% % of Base Case Annual Collision Oil Loss - ALL_FV
of 2010 Base Case
ALL FV - PCO ET:-GW-KM-DP:189.1% m P:BASECASE:100.0%




T: WHAT-1F FV POTENTIAL
COLLISION OIL (FUEL+CARGO) LOSS (PCO)

4:91.9%0 OF 62.0% PCO
BY INTERACTING
15.2% - BULKCARRIER VESSEL TYPE
00.7% - CONTAINERSHIP
41.3% - OIL TANKER
04.8% - OIL BARGE

19.7% - OILTANKER

18.3% - BULKCARRIER
06.5% - FERRY

03.7% - CONTAINERSHIP
03.5% - FISHINGVESSEL
01.2% - PASSENGERSHIP
01.1% - NAVYVESSEL
01.0% - OILBARGE

00.9% - BULKCARGOBARGE
00.9% - FERRYNONLOCAL




VWATERVWAY LOCATHON

_ Potential Collision OIlflfess Companseni=A\VEAT=IEEY

0% Base Case Collision Oil Loss - Whatlf

Guemes: +1.4%
Rosario : +1.0%
ESJF: +5.0%
PSNorth : +1.5%
WSJF: +12.1%
Saddlebag: +0.9%
PS South : +0.4%
Haro/Boun. : +29.9%
Islands Trt : +0.0%
Georgia Str.: +5.3%
Buoy] : +4.5%

Tac. South : 0.0%
SJIslands : +0.0%
ATBA:+0.0%
Sar/Skagit: +0.0%

LR (1

0% 5% 10% 15% 20% 25% 30% 35%

62.1% % of Base Case Annual Collision Oil Loss - WhatlIf
of 2010 Base Case
ALL FV - PCO ET:GW-KM-DP:62.1% m P: BASE CASE:0.0%
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T: WHAT-1F FV POTENTIAL
COLLISION FREQUENCY (PCF)

03.6% - BULK CARGO
00.7% - CONTAINERSHIP
03.1% - TANKER

10.9% - OILBARGE

T:88.4%0 OF 18.4%
PCF BY INTERACTING
VESSEL TYPE

8.8% - FISHINGVESSEL
1.9% - BULKCARRIER
1.6% - FERRY

1.1% - OILTANKER

0.8% - BULKCARGOBARGE
0.5% - FERRYNONLOCAL
0.5% - UNLADENBARGE
0.4% - CONTAINERSHIP
0.3% - NAVYVESSEL

0.3% - OILBARGE




X: WHAT-IF FV POTENTIAL
COLLISION FREQUENCY (PCF)

03.6% - BULK CARGO
00.8% - CONTAINERSHIP
03.1% - TANKER

00.1% - OILBARGE

X:85.4% OF 7.5%
PEF BY INTERACTING
VESSEL TYPE

2.1% - FISHINGVESSEL
1.7% - BULKCARRIER
0.3% - FERRY

1.1% - OILTANKER

0.2% - BULKCARGOBARGE
0.1% - FERRYNONLOCAL
0.2% - UNLADENBARGE
0.4% - CONTAINERSHIP
0.3% - NAVYVESSEL

0.1% - OILBARGE




WAL S RWANE HOICANF [O))\

Potential Collision Ereq. Comparson — \WHAI=IE RV

% Base Case Collision Frequency - WhatlIf

Guemes: +6.5%
Islands Trt : +0.0%
PS South : +0.6%
PSNorth : +1.5%
Haro/Boun. : +3.3%
Rosario : +1.8%
Tac. South : 0.0%
WSJF: +2.0%

ESJF: +0.8%
Georgia Str.: +0.6%
Saddlebag: +0.9%
Buoy] : +0.3%
SJIslands: +0.0%
Sar/Skagit: +0.0%
ATBA: +0.0%

LR (1

0% 1% 2% 3% 4% 5% 6% 7%

18.4% % Base Case Collision Frequency (CF) - WhatlIf
of 2010 Base Case
ALL FV - PCF ET:GW-KM-DP:18.4% m P: BASE CASE:0.0%




WAL S RWANE HOICANF [O))\

Potential Collision Ereq. Comparson — \WHAI=IE RV

% Base Case Collision Frequency - Whatlf

Guemes : 0.0% 8:882
Islands Trt : 0.0%
PS South : 0.0%
PS North : 0.0%
Haro/Boun. : +3.6%
Rosario : +0.5%
Tac. South : 0.0%
WSJF: +2.0%
ESJF: +0.6%
Georgia Str.:+0.5%
Saddlebag: +0.0% | 0
Buoy] : +0.4% ﬁ/_oﬁx% _____________________________________________________________________
SJIslands: 0.0% 8:832‘}
Sar/Skagit:0.0% | J:9%
ATBA:0.0% |J:9%

RLAR

0% 1% 2% 3% 4% 5% 6% 7%

7.5% % Base Case Collision Frequency (CF) - WhatlIf
of 2010 Base Case
ALL FV - PCF mX:GWNB-KM -DP: 7.5% = P: BASE CASE:0.0%
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T: WHAT-1F FV POTENTIAL
COLLISION FREQUENCY (PCF)

03.6% - BULK CARGO
00.7% - CONTAINERSHIP
03.1% - TANKER

10.9% - OILBARGE

T:88.4%0 OF 18.4%
PCF BY INTERACTING
VESSEL TYPE

8.8% - FISHINGVESSEL
1.9% - BULKCARRIER
1.6% - FERRY

1.1% - OILTANKER

0.8% - BULKCARGOBARGE
0.5% - FERRYNONLOCAL
0.5% - UNLADENBARGE
0.4% - CONTAINERSHIP
0.3% - NAVYVESSEL

0.3% - OILBARGE




Y: WHAT-IF FV POTENTIAL
COLLISION FREQUENCY (PCF)

04.1% - BULK CARGO
00.8% - CONTAINERSHIP
03.1% - TANKER

00.1% - OILBARGE

Y: 85.5%0 OF 8.1%
PCF BY INTERACTING
VESSEL TYPE

2.4% - FISHINGVESSEL
1.9% - BULKCARRIER
0.3% - FERRY

1.1% - OILTANKER

0.1% - BULKCARGOBARGE
0.1% - FERRYNONLOCAL
0.2% - UNLADENBARGE
0.4% - CONTAINERSHIP
0.3% - NAVYVESSEL

0.0% - OILBARGE
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Potential Collision Ereq. Comparson — \WHAI=IE RV

% Base Case Collision Frequency - WhatlIf

Guemes: +6.5%
Islands Trt : +0.0%
PS South : +0.6%
PSNorth : +1.5%
Haro/Boun. : +3.3%
Rosario : +1.8%
Tac. South : 0.0%
WSJF: +2.0%

ESJF: +0.8%
Georgia Str.: +0.6%
Saddlebag: +0.9%
Buoy] : +0.3%
SJIslands: +0.0%
Sar/Skagit: +0.0%
ATBA: +0.0%

LR (1

0% 1% 2% 3% 4% 5% 6% 7%

18.4% % Base Case Collision Frequency (CF) - WhatlIf
of 2010 Base Case
ALL FV - PCF ET:GW-KM-DP:18.4% m P: BASE CASE:0.0%
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Potential Collision Ereq. Comparson — \WHAI=IE RV

LA L

Guemes: 0.0%
Islands Trt : 0.0%
PS South : 0.0%

PS North : 0.0%
Haro/Boun. : +4.7%
Rosario : 0.0%

Tac. South : 0.0%
WSJF: +2.0%

ESJF: +0.6%

% Base Case Collision Frequency - WhatlIf

0.0%
0.0%

Georgia Str.: +0.5% _
. 0 0.0%
Saddlebag: 0.0% | 'y0,
. Buoy):+0.3% (900, " & 4
Sjislands: 0.0% (99%
Sar/Skagit:0.0% |99
ATBA:0.0% | J:9%
0% 1% 2% 3% 4% 5% 6% 7%
+
8.1% % Base Case Collision Frequency (CF) - WhatIf
of 2010 Base Case
ALL FV - PCF mY:GWNBOH-KM -DP: 8.1% = P: BASE CASE:0.0%
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T: WHAT-1F FV POTENTIAL
COLLISION OIL (FUEL+CARGO) LOSS (PCO)

15.2% - BULKCARRIER
00.7% - CONTAINERSHIP
41.3% - OIL TANKER
04.8% - OIL BARGE

T:91.9%0 OF 62.0%0
PCO BY INTERACTING
VESSEL TYPE

19.7% - OILTANKER

18.3% - BULKCARRIER
06.5% - FERRY

03.7% - CONTAINERSHIP
03.5% - FISHINGVESSEL
01.2% - PASSENGERSHIP
01.1% - NAVYVESSEL
01.0% - OILBARGE

00.9% - BULKCARGOBARGE
00.9% - FERRYNONLOCAL




X: WHAT-IF FV POTENTIAL
COLLISION OIL (FUEL+CARGO) LOSS (PCO)

X792.0% OF 54.9%0
PCO BY INTERACTING
15.0% - BULKCARRIER VESSEL TYPE

00.7% - CONTAINERSHIP
39.0% - OIL TANKER 17.3% - OILTANKER
00.2% - OIL BARGE 17.0% - BULKCARRIER

05.8% - FERRY

03.4% - CONTAINERSHIP
03.0% - FISHINGVESSEL
00.9% - PASSENGERSHIP
01.1% - NAVYVESSEL
00.7% - OILBARGE

00.7% - BULKCARGOBARGE
00.6% - FERRYNONLOCAL
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Potential Collision Ereq. Comparson — \WHAI=IE RV

0% Base Case Collision Oil Loss - Whatlf

1.4%

Guemes : +1.4%
Rosario : +1.0%
ESJF: +5.0%
PSNorth : +1.5%
WSJF: +12.1%
Saddlebag: +0.9%
PS South : +0.4%
Haro/Boun. : +29.9%

=2 Islands Trt : +0.0%
Georgia Str. : +5.3%
:"-‘ Buoy] : +4.5%
- Tac. South : 0.0% 8:832

SJIslands: +0.0% | :0%°
ATBA:+0.0% | 0:0%
Sar/Skagit: +0.0% 8:83//3

0% 5% 10% 15% 20% 25% 30% 35%

62.1% % of Base Case Annual Collision Oil Loss - Whatlf

of 2010 Base Case
ALL FV - PCO ET:-GW-KM-DP:62.1% m P: BASE CASE:0.0%



Potential

il

o1 | A

My

WAL S RWANE HOICANF [O))\

Collision Ereq: Companisen'—\WHAI=IEEV.

0% Base Case Collision Oil Loss - Whatlf

Guemes : 0.0% 8:83//2
Rosario : +0.5% -—(_)%_(%)/_" ________________________________________________________________________
ESJF: +4.7% |
PSNorth :0.0% | J:9%
WSIF: +11.8% [ i —118%
Saddlebag: +0.1% 1 (_())_'_(}_%’ _________________________________________________________________________
PSSouth:0.0% |90% .
Haro/Boun. : +29.9% 00%_299% ______
Islands Trt : 0.0% -—81_8_353 _________________________________________________________________________
Georgia Str.: +4.7% -:(_)__0_0/;_"“ EX N D o
Buoy):+3.3% [goo 3% O 4 oo
Tac. South : 0.0% '_8;_8_35_3 _________________________________________________________________________
SJislands: 0.0% |90% O
ATBA:0.0% |00%
sar/Skagit:0.0% |09%
0% 5% 10% 15% 20% 25% 30%
7.5% * 0% of Base Case Annual Collision Oil Loss - Whatlf
of 2010 Base Case
ALL FV - PCF mX:GWNB-KM -DP: 54.9% = P: BASE CASE:0.0%
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T: WHAT-1F FV POTENTIAL
COLLISION OIL (FUEL+CARGO) LOSS (PCO)

15.2% - BULKCARRIER
00.7% - CONTAINERSHIP
41.3% - OIL TANKER
04.8% - OIL BARGE

T:91.9%0 OF 62.0%0
PCO BY INTERACTING
VESSEL TYPE

19.7% - OILTANKER

18.3% - BULKCARRIER
06.5% - FERRY

03.7% - CONTAINERSHIP
03.5% - FISHINGVESSEL
01.2% - PASSENGERSHIP
01.1% - NAVYVESSEL
01.0% - OILBARGE

00.9% - BULKCARGOBARGE
00.9% - FERRYNONLOCAL




Y: WHAT-IF FV POTENTIAL
COLLISION OIL (FUEL+CARGOQ) LOSS (PCO)

15.6% - BULKCARRIER
00.7% - CONTAINERSHIP
40.8% - OIL TANKER
00.2% - OIL BARGE

¥:192.3% OF 57.3%
PCO BY INTERACTING
VESSEL TYPE

18.3% - OILTANKER

18.7% - BULKCARRIER
05.9% - FERRY

03.1% - CONTAINERSHIP
02.2% - FISHINGVESSEL
01.5% - PASSENGERSHIP
01.4% - NAVYVESSEL
00.6% - OILBARGE

00.6% - BULKCARGOBARGE
00.6% - FERRYNONLOCAL
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Potential Collision Ereq. Comparson — \WHAI=IE RV

0% Base Case Collision Oil Loss - Whatlf

1.4%

Guemes : +1.4%
Rosario : +1.0%
ESJF: +5.0%
PSNorth : +1.5%
WSJF: +12.1%
Saddlebag: +0.9%
PS South : +0.4%
Haro/Boun. : +29.9%

=2 Islands Trt : +0.0%
Georgia Str. : +5.3%
:"-‘ Buoy] : +4.5%
- Tac. South : 0.0% 8:832

SJIslands: +0.0% | :0%°
ATBA:+0.0% | 0:0%
Sar/Skagit: +0.0% 8:83//3

0% 5% 10% 15% 20% 25% 30% 35%

62.1% % of Base Case Annual Collision Oil Loss - Whatlf

of 2010 Base Case
ALL FV - PCO ET:-GW-KM-DP:62.1% m P: BASE CASE:0.0%



Potential
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Guemes: 0.0%
Rosario : 0.0%

ESJF: +4.8%

PS North : 0.0%
WSJF: +12.1%
Saddlebag: 0.0%

PS South : 0.0%
Haro/Boun. : +31.2%

WAL S RWANE HOICANF [O))\

Collision Ereq: Companisen'—\WHAI=IEEV.

046 Base Case Collision Oil Loss - Whatlf

0.0%
0.0%

-_9_0_"/9 _________________________________________________________________________
Islands Trt : 0.0% 8:882‘:
Georgia Str.: +4.9% — (_)__0_0/_0 _______ ao% . S &
Buoy):+4.4% oo 44% O A
Tac.South:0.0% |99% & 47
Sjislands: 0.0% | 9%% 4
ATBA:0.0% |00%
sar/Skagit:0.0% |09%
0% 5% 10% 15% 20% 25% 30%
8.1% * 0% of Base Case Annual Collision Oil Loss - Whatlf
of 2010 Base Case
ALL FV - PCF BY:GWNBOH-KM-DP:57.4% = P: BASE CASE:0.0%
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SAR-CIRSRILLIs a series of cascading..
spiieierred 1o as, a CausalyGiiaimss

e )

Maritime Incident Expert Oil Outflow
Simulation Data Judgment Model

Complete
Set

Scenario i Lkelleraek Consequence |

Use Kaplan’s (1997) definition of system risk In:
“The Words of Risk Analysis”, Risk Analysis 17 (4), 407-417
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sk Management ofa Causal Chain

il
Maritime Oil Outflow
Simulation Judgment Model
= *
= '{ | RISK
|

| RDOUt."e H“"t | MANAGEMENT

| e | QUESTIONS

|

Kaplan’s (1997)

Risk Definition 65



Model Maritime TraffiC.

Traffic
Data

e - Maritime System
Weather | v;vgggrgr ‘ Traffic Simulation
— .

SIMUIANE!

= Curen
:  Data

=N CUnrrent
SIMUIalEN

Required close cooperation with the USCG VTS and Puget Sound
Harbor Safety Committee for data + validation 66



EAST STRAIT OF JUAN DE FUCA

BUOY J ENTRANCE WEST STRAIT OF JUAN DE FUCA

~ 39 Days via CP | ~35 Days via CP

«| ~ 54 Days via CP

#BV Days
=
o
#BV Days

J F M A M J J A

S O N D

HARO ST/B. PASS

ROSARIO STRAIT SADDLE BAG AND GUEMES CHANNEL

ol = 25 Days via B3 ~ 18 Days via EJ | ~19 Days viaEJ

# BV Days
=
o
# BV Days
# BV Days

i .?-"
I li'- l‘. I

|

1

IS

L

PUGET SOUND SOUTH

CHERRY POINT

| ~ 26 Days via CP

Bad V

# BV Days
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& 146 Current Tables for 2002 -2005

DATA SOURCE LOCATIONS AND TABLES:
= WXTIDE 32 SOFTWARE by Michael Hopper
http://wxtide32.com/
Cross Checked with NOAA Current Tables
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SAR-CIRSRILLIs a series of cascading..
spiieierred 1o as, a CausalyGiiaimss

e )

Maritime Incident Expert Oil Outflow
Simulation Data Judgment Model

Complete
Set

Scenario i Lkelleraek Consequence |

Use Kaplan’s (1997) definition of system risk In:
“The Words of Risk Analysis”, Risk Analysis 17 (4), 407-417
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LD GEnerate Accident Scemarios,
} The Maritim em Simulation Model

Traffic
Data

o = Maritime System
Weather | ‘}Vggy'r'gf \ Traffic Simulation
S : IAaty
SIMIUIENG!

—= Curent
- E Data

Required close cooperation with the USCG VTS and Puget Sound
Harbor Safety Committee for data + validation 71
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WSF = 2.5 minutes
SF Bay = 1 minute
VTRA Study = 1 minute

EEOUIAPHICISCOPEIOT
VAIRASS UGN
VUGN GErgtian
UEROIFSESSHUIEY;

Time
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Counting Collision
ccident Scenario’s

Counting Drift
Grounding Accident
Scenario’s

Counting Powered
Grounding Accident
Scenario’s
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type INTERACTION - record
laa 3 l'lglﬂt H

le : ; longint ;

: longint ;

gink;

]1“': H

; longint ;

: longint ;

Location Info}
Intaraction Type
VoI -
VoI

Isp
YOI DP
IV C

[Index
oI

{Index 4 - Enpvironment Info}
Vislbility

wind Direction

Wina g

Current

Currenkt_Directicn

Zhara

{Index & - Interacting Vessel

3 L'-n-gint H

IV TP

{Index 7 - Interacting
IV TrafficEcenaric
IV _TrafticTyps
IV Spead
IV Promvessel
IV_IntarAngle

end:




i

Accident AttribUtes Modglié

I
E
LOCATION DIRECTION CARGO ESCORTS TETHERED
Cherry Point Area Inbound Unladen 2 Escorts tethered
Puget Sound South Outbound Laden 1 Escort untethered
Strait of Juan de Fuca East No Escorts
Strait of Juan de Fuca West
Puget Sound North
Saddle Bag Area
Rosario Strait
Haro Strait\Boundary Pass
Guemes Channel
VESSEL TYPE TRAFFIC PROXIMITY_|_ TRAFFICSCENARIO
Tug without Barge 1to 5 miles Crossing Astern
Tug ATB's or ITB's Less than 1 mile Meeting
Tug Pushing Ahead Overtaking
Container Crossing the Bow
Tanker
Bulk carrier
Freighter
Passenger vessel
Service vessel
Public vessel
Fishing Vessel
Tug Towing Astern
Recreational Vessel
VISIBILITY WD WIND SPEED CURRENT CUR_DIR
More than 0.5 mile Along Vessel Less than 10 knots Almost Slack Along Vessel - Opposite
Less than 0.5 mile Abeam Vessel 20 knots Max Eb or Max Flood Along Vessel - Same Dir.
30 knots Abeam Vessel

More than 40 knots




anizations P"’Fl(:l
t E|I€I atlons

:l:‘

PJU\JF:)Ql 0 PIotS
WATIC *-'En ‘«u'*:-;.
,US) ,m,] Sanadian Tug Companies operating Iin the
\/T RUA ‘tudy area:
‘fBased Foss, Crowley, Olympic Tug and
== .I‘_f:i- ~ Barge (US), K-Sea, Sea Coast, Sause
s Bros.
2 - Canadian Based: Seaspan, Island Tug and Barge
e 4. The Washington State Ferries

e 5. Seattle sector US Coast guard VTS.

S i




38 EXPERTS - Numbers indicate years sailing CUMULATIVE 7
9 QUESTIONNAIRES experience in VTRA Study area EXPERIENCE (YRS) | SESSIONS

Bradley-Terry Pair Wise Comparison 7 PILOTS (42,34,32,25,16,16)

Location Questionnaire 6 TUG OPERATORS (39, 30, 30, 30, 15, 12)
4 FERRY OPERATORS (31, 30, 25, 8)
2 PORT CAPTAINS (27, 25)
1 VTS WATCH (25)

Bradley-Terry Pair Wise Comparison 7 PILOTS (42,34,32,25,16,16)

Traffic Sez

A total of 9  '1e<’.onnaires
e 38 experts over . senarate elicitation

sessions dispersed cver a1 vear period.
 Combined numbers of yecrs sailing
EXPENENCEIEXCEEHS 022" £als

Given Near By Vessel Failure

Tug Pair Wise Situation Accident 7 TUG OPERATORS (53, 21, 20, 32 30, 28, 18)
Probability Questionnaires 2 PORT CAPTAINS (32, 30)

Given Propulsion Failure

Tug Pair Wise Situation Collision 7 TUG OPERATORS (53, 21, 20, 32 30, 28, 18)
Accident Probability Questionnaires 2 PORT CAPTAINS (32, 30)

Given Steering Failure,

Given Navigational Aid Failure

Given Human Error

Given Near By Vessel Failure




. Condtict Expett Judgments
licitations vie=Questionfaires

e

Situation 1

TANKER DESCRIPTION

Situation 2

Strait of Juan de Fuca East Location
Inbound Direction
Laden Cargo
1 Escort Escorts
Untethered Tethering
— INTERACTING VESSEL
Shallow Draft Pass. Vessel Vessel Type

Crossing the Bow

Traffic Scenario

Less than 1 mile

Traffic Proximity

WATER CO 10

More than 0.5 mile Visibility

Visibility

Less than 0.5 mile Visibility

Along Vessel Wind Direction
Less than 10 knots Wind Speed
Almost Slack Current

Along Vessel - Opposite Direction

Current Direction

More? :

987 6543212345617 2829

: More?

Situation 1 is worse

<

X

>

Situation 2 is worse

Example of potential experts: USCG VTS Operators, Puget Sound Pilots,
Tanker Captains and First Mates, Tug Captains and First Mates, etc.

79




Situation 1

TANKER DESCRIPTION

Situation 2

Rosario Strait Location Guemes Channel
Inbound Direction -
Laden Cargo -
1 Escort Escorts No Escorts
One Tethered Tethering Untethered
INTERACTING VESSEL
Shallow Draft Pass. Vessel Vessel Type -

Crossing the Bow

Traffic Scenario

Less than 1 mile

Traffic Proximity

’ WATE‘VAY CONDITIONS

More than 0.5 mile Visibility Visibility -

Along Vessel Wind, Direction -

Less than 10 knots Wind Speed -
Almost Slack Current

Along Vessel - Same Direction

Current.Direction

Average After
Expert Judgment




iSIVENRHESIAL | ‘ |
(OIESTEIISTIRANT] l-—'frlOdJlJJ/ fof
sOIERYREenVIrenmental™ =
verforrEngs o ,!La,tr : lve tanker-
desigrls; the COMMISS T
that the develog . 1t o
approach mﬁr

7

SIIEICOmmI i- an a total of
30,000 accidt Jent scenarios:
— __J 00! m')lllsmn and 10,000
= grour dmg events for each of two

T_____deagﬁ's (single-hull and double-
- hull) of the two different sizes

(150,000 and 40,000 DWT).”

Quoted from: NRC Special Report 259

~ ——
NAVIOINABRESEACH COUNCILESPECIALLR

381




Step 1 . . 1
Damage ' struck ship ' icollision | !striking ship
calculation . : v : L : ;

+ -velocity 1 -location 1 ! -velocity i
 -displacement I} -angle “— -displacement |
' -hull type o ' -bow angle |

g o e = === - - = === ——— e = e = = = =

N | )

P A’bendig#lar
Kwergy

= TFangential
@K inetic Energy



"'-:‘__.___l ]
alallie =1010]4

41.6m 41.6m 41.86m 416 m 416 m

bl e WL bzl WL

Conge VOG = 242 m / Congo YOG = A7Em

~Taken From
NRC 259
Reporit

All ballazt farks ore . forte Heat DB hull ks
of I type CE height = 3.34 m 3 graater drof




- anks~T C—

- US cm. actor SeattléNjoy ‘esponsive to
OUIIFC: tlss-data reguest during the enhancement and
Jff]r)fJ\/‘Jff]l—‘f‘]rr BuN S esmuaton methodoloa
anlel rego) mendmg us to the Puget Sound Harbor Safety

SOMMIL r‘r' o,

S pugg g who served as
2k flok St for blmonthly meetings and provide us access

i JE}H attle Maritime Community.

_--- .

S

. as a whole who
runselflshly met with us and provided access to experts
both for ship rides but also for their participation in many
expert judgment elicitation sessions during which these
experts donated their time for the safety improvement in

thelr Maritime Domain.
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SRWithout their help, efficient
afjel i Jr: 2y response to our
ad questioins and
*r'equests we would not
ﬂ e ‘been able to further
_;-= :— nhance and improve our
~MTS Risk Simulation

- Methodology.
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