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lable: Eocus Vessel (FV) Classification for: the 26 ViiOSSivessel type
classification usedin the GW7ZVECUINIIS simulation model:

: Those vessels that are only considered as Interacting
Vessels (1V) with Focus Vessels (FV) in this study

: Bulk Carriers, Container Vessels, Other Cargo Vessels
. Oil Barge, Qil Tankers, Chem-Carrier, ATB

“Focus Vessels (FV’s) are also considered as Interacting Vessels

%(IV’S) when interacting with another Focus Vessel.

# VESSEL TYPE FOCUS VESSEL? | # VESSEL TYPE FOCUS VESSEL?
1 BULKCARRIER CARGO - FV 14 PASSENGERSHIP NO

__:'j' 2 CHEMICALCARRIER TANK - FV 15 REFRIGERATEDCARGO CARGO-FV
3 CONTAINERSHIP CARGO - FV 16 RESEARCHSHIP NO
4 DECKSHIPCARGO CARGO - FV 17 ROROCARGOSHIP CARGO-FV
5 FERRY NO 18 | ROROCARGOCONTSHIP CARGO-FV
6 FERRYNONLOCAL NO 19 SUPPLYOFFSHORE 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




ATTAXONOMY O 2010 VESSEL NIRAERIC

100 % TTE — o
All Traffic

- | 546 % TTE 27.8 % TTE 17.6 % TTE
BULK CONT. OTHER
CARGO RV CARGO RV CARGO RV

54.5 % TTE 24.4 % TTE 11.3% TTE 9.8% TTE
OIL OIL CHEM. ATB
BARGE FV TANKER FV CARR. FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



VTRA MODEL - VTOSS 2010
—>  NON-FV
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20% 40% 60%
% of 2010 Total Time of Exposure (TTE)
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100% of Total Traffic Density ||« oo

» UNIVERSITY

i.'.

 Exposure 3 TOTAL 2010 TRAFFIC DENSITY

> 10000
- > 1000

Ne | 75.2% - NON Focus Vessel
2% || 17.0% - CARGO Focus Vessel
— 21—~ 7.8% - OIL Focus Vessel

1.75
1.59

1.44 -+

=—| 100.0% of Case P Total
g

0.00




75.2% of Total Traffic Density ||l wamare:

» UNIVERSITY

TRA 2010 - NON Focus Vessel Deh:
—=— :

< = 10,000 = _ 1 PUGET SOUND
L1000 0 L 41.3% - FISHINGVESSEL 02.1% - LOG_BARGE S
369 - i 3 18.1% - FERRY 01.7% - TUGTOWBARGE
2.94 - |- § 06.8% - BULKCARGOBARGE 01.5% - USCOASTGUARD
L2511 ]| 06.0%- UNLADENBARGE 01.1% - FISHINGFACTORY
= 1:95 2 04.0% - YACHT 00.8% - RESEARCHSHIP
o 03.9% - NAVYVESSEL 00.7% - OTHERSPECIFICSERV
i 03.3% - TUGNOTOW 00.6% - CONTAINERBARGE
144 02.8% - FERRYNONLOCAL 00.2% - SUPPLYOFFSHORE
1.31 02.7% - PASSENGERSHIP 00.2% - CHEMICALBARGE

1.20 02.2% - WOODCHIPBARGE 00.0% - DERRICKBARGE
1.09

1.00

0.81 —+
: 100.0%90 of Case P Total




17.0% of Total Traffic DenSIty 1 Vasrinaron

UNIVERSITY

TRA 2010 - CARGO FocusVeﬂse Density, o L= ',\‘__y_«fsw_meTc;N,l_o_c!

- Factor x Awve
Exposure: -
> 100.00
> 10.000

% 13'.3-6'3?'3__ "} ] 54.6% - BULKCARRIER

595 || 27.8% - CONTAINERSHIP
2500 ' |/ -] 08.1% - OTHERSPECIALCARGO
— 29—~ 04.9% - VEHICLECARRIER

175 02.3% - ROROCARGOCONTSHIP
1.58 01.1% - ROROCARGOSHIP

1.44

. 00.8% - DECKSHIPCARGO
120 00.4% - REFRIGERATEDCARGO

1.09
1.00

0.81 —+
100.0%0 of Case P Total

PUSET SOUND

0.51




7.8% of Total Trafflc Densnty 11 waskingTon

» UNIVERSITY

Ex_pc.lsurq:.'
> 49.59
- = 10,00

oo 1| 54.5% - OILBARGE
200 | | 24.4% - OILTANKER
24730

pazi——4i-] 11.3% - CHEMICALCARRIER
4 09.8% - ATB

1.58

L +

1.20
oo 100.09%6 of Case P Total
Fas
0.52
0.39
0.28
A

0.00
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ATTAXONOMY O 2010 VESSEL NIRAERIC

100 % TTE - — —
I All Traffic

17.0% TTE 75.2% TTE 7.8% TTE
CARGO RV NON FV TANK FV

54.6 %0 TTE 27.8 2% TTE 17.6 % TTE
BULK CONIT. OTHER
CARGO FV CARGO FV CARGO RV

94.5 % TTE 24.4 % TTE 11.3% TTE 9.8% TTE

OIL BARGE OIL CHEM. ATB
FV TANKER FV CARR. FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



VTRA MODEL - VTOSS 2010

BULK - CARGO - FV

CONT - CARGO - FV

i m.rf

CARGO FV - CLASSIFICATION

OTHER - CARGO - FV

80%

i i
0% 20% 40% 60%
% of 2010 Total Time of Exposure (TTE)

100%



100% of Cargo FV Traffic Density | | ™ wisnnaron

UNIVERSITY

- Factor x Awve
Exposure: -
> 100.00
> 10.000

% 13'.3-6'3?'3__ "} ] 54.6% - BULKCARRIER

595 || 27.8% - CONTAINERSHIP
250 - | -] 08.1% - OTHERSPECIALCARGO
= 29—~ 1= 1 04.9% - VEHICLECARRIER

" 1.95

175 02.3% - ROROCARGOCONTSHIP
1.58 01.1% - ROROCARGOSHIP

1.44

. 00.8% - DECKSHIPCARGO
120 00.4% - REFRIGERATEDCARGO

1.09
1.00

0.81 —+

0.65

100.0% of Case P Total

PUSET SOUND




54.6% of Cargo FV Traffic Density | | '™ wasaincron

UNIVERSITY

TRA 2010 - Bulk CARGO FV D
—————

- Factor x A
Exposure:
> 100.00

- = 1000

N I 100% - BULKCARRIER
3 i,':;g.:_._-.'._ el il 4+

1.75

x| 100.0%06 of Case P Total

131
1.20
1.09
1.00

0.81
\ 0.65
0.51
0.39
0.28
0.13\
0.09

0.00




27.8% of Cargo FV Traffic Density | | '@ wasrinaron

UNIVERSITY

TRA 2010 - Container CARGO
———

tposrer 224 Cont. CARGO FV — 27.8% of CARGO FV

> 1018
- »10.00

v I 100% - CONTAINERSHIP

268

fg;___ s Fem +
-~ 100.0% of Case P Total
g

0.00




17.6% of Cargo FV Traffic Densn:y ’; Lﬂ?é".ﬁ%?éﬁ

UNIVERSITY

o224 Oth. CARGO FV — 17.6% of CARGO FV
= 10000 -
- » 1000

oo’ ) 46.1% - OTHERSPECIALCARGO

- 3.67

293 . | ' | 27.7% - VEHICLECARRIER

2.50°

=220 1] 12.9% - ROROCARGOCONTSHIP
g 06.3% - ROROCARGOSHIP

1.75

1.58 04.5% - DECKSHIPCARGO

- 02.5% - REFRIGERATEDCARGO
100
1.00

0.81 —+
100.0%0 of Case P Total

PUSET SOUND
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ATTAXONOMY O 2010 VESSEL NIRAERIC

17.0% TTE 75.2% TTE 7.8% TTE
CARGO RV NON FV TANK FV

54.6 %0 TTE 27.8 2% TTE 17.6 % TTE
BULK CONIT. OTHER
1 CARGO FV CARGO FV CARGO RV
— 100%0

94.5 % TTE 24.4 % TTE 11.3% TTE 9.8% TTE

OIL OIL CHEM. ATB
BARGE FV TANKER FV CARR. FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



VTRA MODEL - VTOSS 2010

OILBARGE

OILTANKER

L%

B (1
i

CHEMICALCARRIER

1Y

TANK FV CLASSIFICATION

ATB

i i i
0% 20% 40%
% of 2010 Total Time of Exposure (TTE)



|
THE GEORGE

100% of TANK FV DenSity > WASHINGTON

UNIVERSITY

TRA 2010 - Tank Focus Vessel Dehsit

54.5% - OILBARGE

24.4% - OILTANKER

11.3% - CHEMICALCARRIER
09.8% - ATB

+ )
100.0%0 of Case P Total




54.5% of TANK FV Density ||l nisees:

» UNIVERSITY

TRA 2010 - OILBARGE Density | " “w.

s Ex_pusurq:'
> 6583
- x> 10.00
10,00
3.64° :
2015 (DS :
248 sl Iy
= 71 e e e R -
©1.94 +

1.75

«-pp  100.0%0 of Case P Total

131
1.20
1.09
1.00
0.81
0.65
0.51
0.39
0.28
0.13\
0.09

0.00




24.4% of TANK FV Density

TRA 2010 -

N -

OILTANKER Densi

-

THE GEORGE
WASHINGTON
UNIVERSITY

N\ WASHINGTON, DC

: Fa!:t_urxAvé ge

Exposure

I 100% - OILTANKER

e
100.0%0 of Case P Total

-+




. | :‘WTHE GEORGE
11.1% of TANK FV DenSIty - bv:lsl\l-/llElesTlc_)r\N(
TRA 2010 - CHEMICALCARRIER Densityt, - koo woiiciono

T R R R e T

- Factor x A
Exposure:
»100.00
- > 10.000
1000
368 :
2,045 (D0

100.0%0 of Case P Total




» UNIVERSITY

9.8% of TANK FV Density N e

TRA 2010 - ATB Density

- Factor x A
Exposure:
> 940
- > 940
940
3.21° :
D66 e L4
o231

100.0% of Case P Total
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ATTAXONOMY O 2010 VESSEL NIRAERIC

100 % TTE - —
All Traffic

17.0 % TTE 75.2% TTE 7.8 % TTE
CARGO RV NON FV TANK FV

17.6 % TTE
OTHER

54.6 % TTE 27.8 2% TTE
BULK CONIT.

CARGO FV CARGO FV CARGO RV

—
-
— ]
-
—
=
_—
—
—
-
e

10020

94.5 % TTE 24.4 % TTE 11.3% TTE 9.8% TTE

OIL OIL CHEM ATB
BARGE FV TANKER FV CARRIER FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



ATTAXONOMYOF 2010 FOCUSIVESSEL IRAERIC

100 % ALL w—
| FV TRAFFIC

| 68.5% TTE 31.5 % TTE
| CARGO FV TANK EV

54.6 % TTE 27.8 % TTE 17.6 % TTE
BULK CONIT. OTHER
CARGO FV CARGO FV CARGO RV

10020

94.5 % TTE 24.4 % TTE 11.3% TTE 9.8% TTE

OIL OIL CHEM. ATB
BARGE FV TANKER FV CARRIER FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



ATTAXONOMYOF 2010 FOCUSIVESSEL IRAERIC

100 % ALL [FRRSSSEE -
| FV TRAFFIC

10020

8.5%0 68.5%0

B >7 805 17.6 % THIS 1S AN APPLICATION
s T OF THE LAW OF
l l TOTAL PROBABILITY

37.4% TTE 19.0 % TTE
BULK CONIT.
CARGO FV CARGO FV

12.1 % TTE @
OTHER

CARGO RV

— o000 335% 31.5%0 31.5%0
r : 5/ 594.5 %0 24.4 % 11.3 %0 9.8 %
X v X X
17.2 % TTE 7.7% TTE 3.6 2% TTE 3.1% TTE
OIL OIL CHEM. ATB

BARGE FV TANKER FV CARRIER FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



ATTAXONOMYOF 2010 FOCUSIVESSEL IRAERIC

100 % ALL ™% : w——
| £V TRAFFIC

00%

37.49% TTE Bl 19.0 % TTE 12.1 9% TTE
BULK CONT. OTHER
CARGO FV CARGO FV

17.2% TTE 7.72% TTE 3.6 2% TTE 3.1% TTE
OIL OIL CHEM. ATB
BARGE FV TANKER FV CARRIER FV FV

TTE = TOTAL TIME EXPOSURE:
TOTAL AMOUNT OF ANNUAL TIME A VESSEL IS MOVING IN THE VTRA STUDY AREA



VTRA MODEL - VTOSS 2010
BULK - CARGO - FV _ 37?.4%
CONT - CARGO - FV __ i19.0% i

OILBARGE __ 17?.2%

OTHER - CARGO - FV __ 12.1% i

OILTANKER _- 7.7%

CHEMICALCARRIER | |3.6%

ATB _ 3.1%

0% 20% 40%
% of 2010 Total Time of Exposure (TTE)

FOCUS VESSEL CLASSIFICATION




COMPLETHON OE BASE CASE FOCUSIVESSELL RISK

STEPHMGCOMPLETED FOCUS VESSEL PRES GRS —
AND TAXONOMY IN'TERMS OF TOTAL TIME OF
EX"O SUR TT \ ol

IEPIP: DEVELOP SIMILAR FOCUS VESSEL PRESENTATION
“AND TAXONOMY IN TERMS OF POTENTIAL
B ACCIDENT FREQUENCY.

—

3: DEVELOP SIMILAR FOCUS VESSEL PRESENTATION

~— AND TAXONOMY IN TERMS OF POTENTIAL FUEL

SINOSSES:

STEP 4: DEVELOP SIMILAR FOCUS VESSEL PRESENTATION
AND TAXONOMY IN TERMS OF POTENTIAL
NON-FUEL OIL LOSSES.



NONALTAME OF EXPOSURE BY EOCUS VESSEL

STEP 1s«COMPLETED

VTRA MODEL - VTOSS 2010

BULK - CARGO - FV
CONT - CARGO - FV
OILBARGE

OTHER - CARGO - FV
OILTANKER

CHEMICALCARRIER

FOCUS VESSEL CLASSIFICATION

ATB

% of 2010 Total Time of Exposure (TTE)

Amount of time per
Year FV Is moving with the area.



S e
*Spill-is.a_series of.caseading =
ts referred to as a Causal Chain

e (o

Maritime Incident Data and Expert Oil Outflow

Simulation Data Judgment Model

32



ASSUMPIHIONTBASE CASE INCIDENIFRATIES
ST 0 HApply. former Tanker and, AflB'mode|ss

ValRANIncident Rates per Interaction to other FV’s.

1.20E-04 -

1.00E-04 1+~

8.00E-05 1~

6.00E-05 |

4.00E-05 ~

Average RIP

— 2.00E-05 1~

0.00E+00

Chem  BulkCarrier Container Qil

Tanker ATB

Focus Vessel

Human Error, Propulsion, Steering or

Navigational Aid Failures.



ASSUNPIHON BASE CASENNCIDENIFRANES

ASSU Apply former Tankerand ATB %
W" InC|dent Rates per Interaction to other FV’s

Tanker ATB Chem BulkCarrier Container

Focus Vessel
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Human Error, Propulsion, Steering or
Navigational Aid Failures.




ASSUNIPIHONBASE CASE ACCIDENIFRATNES

RAP Overall

2.00E-06

1.60E-06
1.20E-06 1~

8.00E-07 1~

4.00E-07 |~

0.00E+00 -

ATAccident Rates'per: Interaction to other FV’s.

Apply. former. TankerandpATB model™

Chem BulkCarrier Containe
Carrier

Focus Vessel

Collision, Power and Drift Grounding,
Allisions.



ASSUNPIHONIBASE CASETACCIDENIFRATES

. \SS! Apply former Tanker.and"ATB
VAIRA Accident Ratesiper Interaction to other FV’s.

P - VTRA 2010 : Potential Average # of Accidents per Year

3.00 -

250

2.00

150 +

1.00 + ' ~Allisions
.~ DriftGroundings
_~~ Power Groundings

“ Collisions

0.50 +

0.00 : : : : : : «

P- VTRA 2010: Potential Average # of Accidents per
Year
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ASSUNPIHONIBASE CASE FEUEINIIOSSES

NoNnformation on how much dieselsfuel or

A NNDUJ|

olinker fuel capacity a vessel has on board.

FULLY LADEN WITH FUEL OR BUNKER FOR ALL VESSELS

WENBERISINGEORMERWVIRATFUEISCAPACIANV REGRESSIONANALYSES

Bunker Fuel - Diesel Fuel: Deep Draft Vessels B
10000 ; ;
90004+
8000 4 -----F----r
S ‘ ‘ o
) 5000-090,
g 1 1 1 -
S 40001t AD
> 1 RO léb o~ c%
30004+ g0
| ! ‘/8
B I T o:,,,,,,i,o,oéoi,o ,,,,,, o.__
2000 o oo):’ /@80 o 8
10004 - - - QOL7,,O, ,,,,, Q 11
@ -7 %0 1
% “B o, - X
0 @. o| r ﬁ|>K§K¥X|g\xﬁ
0 50 100 150 200 250 300
x  DIESEL FUEL LOA (m), BUNKER FUEL
- - - -Poly. (DIESEL FUEL) — — Power (BUNKER FUEL)

Diesel Fuel: Tugs

1000

900 -

800 -

700 -

600 -

500 -

Volume (m"3)

400 -

300 -

200 -

100 A

0

0

5 10 15 20 25 30 35 40 45 50
LOA (m)



ASSUNIPIHONBASE CASE NON-EUEITIIOSSES

DAT/

No information on whattype ofi-
pPreslict/o1lla TANK FocusiVessel carriestand how much.

A Collision Scenario

................................................................

Perpendicular
1w Kinetic Energy

USE FORMER VTRA OIL
OuT FLOW MODEL
WITH CONSISTENT

Tangential LW 5.
Kinetic Energy S Saliny yifa gy

ASSUMPTION ACROSS
ALL TANK FOCUS

APPROACH:

FULLY LADEN

VESSELS




COMPLEIHONIOEVVHAT-IE ANALLYSES

WHAT-IF ANALYSIS INPUT CALL NUMBERS THROUGH |
COLLABORAT[VE ANALYSIS APPROACH

P7 DELTA TERMINAL INCREASES WERE IN
- EFFECT IN 2010 BASE CASE WHERE DO WE SEE
PREDOMINANT CHANGES AND WHY?

SNERSCE GW, KM AND DT INCREASES WERE IN
EFFECT IN 2010 BASE CASE WHERE DO WE SEE
PREDOMINANT CHANGES AND WHY?



C@M]PLETI@N OF RISKEMANAGEMENIFANALY SIS

SHEERYSEENCH MARK/SENSITIVITY ANALYSIS:
HOW DO CHANG SIUNWHAT-IF STEPS 5, 6, 7
AND, 8 COMPARE TO. A HISTORICAL HIGH
TRASS (6 (As WITHC ~ “Gateway, Kinder
\V/le] ge JeUliio ol elté traffic increases.

STEP 10: DEFINE RISK MITIGATION MEASURES (RMM)
THROUGH COLLABOR. ANALYSIS APPROACH.

"'_-ﬂ'_ ——

'I'—-'F- S

IMPLEMENT AND TEST RMM'S
_,..————:5-"'-— ‘EFFECTIVENESS ON BASE CASE.

STEP 12 IMPLEMENT AND TEST
z RMM’S EFFECTIVENESS ON OTHER WHAT-IF
ANALYSES?



COMPLETHMONOE RISKEMANAGEMENIFANALYSIS

TP B ENCH MARK/SENSITAVITYAANALYSIS:
OW DO CHANGES IN'RMM STEPS 12 and 13

—

COD-_. O)A R ISTOR [CA OVNValIRA

CASEW Gateway, Kinder Morgan or
_)g a trafflc INncreases.
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