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* The analysis results herein evaluate the effectiveness of the three risk
intervention measures on the previous slide by considering four scenarios of
an MTS simulation of the geographic area within the bleu border on the

next slide.

The vessels of mterest (VOI s) are tankers, articulated tug barges and
integrated tug barges serving six refineries within this geographic
area. The approximate locations of these refineries are identified on the
next slide. (One of them in the south operates only as a petroleum tank
farm since 1998).

The four scenarios in question are fictitious scenarios that look
back in time, not into the future.

- SCENARIC Two -way traffic in Rosario Strait, No Escorting and all VOI's have
: - a smgle hull.

One-way traffic in Rosario Strait, No Escorting and all VOI's have
a single hull.

One-way traffic in Rosario Strait, Escorting Scheme that mimics
current regime in study area and all VOI's have a single hull.

One-way traffic in Rosario Strait, Escorting Scheme that mimics

current regime in study area and all VOI's have a double hull. ®
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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 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
©) RP ovembpe 0 A/




RIOMNISAAIOSSHEDatalhase routesrand Input files were
RO SHlitEdithat describe vessel movements arrvalSgeNeULes:

PESTaVAllaENGatENSOURCE
[p) 2005 o) elaigeir]o)e
INTEHENEASENCASE

SUT [T LS NOT PERFECT.

Vessel Name

ITB BALTIMORE

ITB BALTIMORE

ITB BALTIMORE

ITB BALTIMORE HERRY P U5 0.20 AV s U12D00 Produ

ITB BALTIMORE CHERRY PT CALIF 3/26/05 10:41 PM 1.17 3001714 Product 48067 DB/SS
ITB BALTIMORE CALIF CHERRY PT 4/6/05 9:10 PM 10.47 3012560 Product 48067 DB/SS
ITB BALTIMORE CHERRY PT CALIF 4/8/05 2:14 PM 1.20 3001714 Product 48067 DB/SS
ITB BALTIMORE CALIF CHERRY PT 4/19/05 3:21 PM 10.58 3012560 Product 48067 DB/SS
ITB BALTIMORE CHERRY PT CALIF 4/21/05 1:10 AM 0.90 3001714 Product 48067 DB/SS

VTS responding traffic moves over constructed traffic routes
according to their arrivals in the VTOSS database

© GWU-RPI-VCU November 2011 45
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hale Weriapliple] — Sotiplel Weridn) Pariel

? 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.
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STRAIT DAI:GEOFIGIA
STRAIT OF JUAN DE FUCA

-
T

Hourly Win

DATA SOURCE:
NATIONAL CLIMATIC

¥ICTORIA INT. AIRPOR
al

DATA CENTER

]

>
e S e e S

JCK CAMPBELL
] 9999  Lat :49.02
SAF: 717850 Long:122.78
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—l . A e 0 s 1 il e y 1 D M# el
@l - Data base - Wind
Y Wb DD HH BHwD [BHws |FHwD |FHws |RRwD |RRws
| 2005 3 B 20 40 5 30 3 40
| 2005 3 B 21 10 g 30 5 EQ
| 2005 3 B 22 10 5 30 5 70
| 2005 3 B 23 50 7 30 3 70
| 2005 3 7 0 30 5 10 4 50 B
| 2005 3 7 1 30 5 10 0 EQ 3
| 2005 3 7 2 360 0 10 0 70 7
| 2005 3 7 3 360 0 360 3 70 3
| 2005 3 7 4 360 0 360 3 30 10
| 2005 3 7 5 360 0 360 4 30 7
| 2005 3 7 B 290 3 360 0 40 5
O o058 3 7 7 290 0 360 0 250 1
| 2005 3 7 3 290 0 360 0 250 7 zk _
| 2005 3 7 3 280 3 360 0 250 7 =y 0
| 2005 3 7 10 280 0 360 3 260 7 T
| 2005 3 7 11 280 0 360 0 270 3 —
] 2005 3 7 12 280 0 230 4 270 11 Ll
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] | v 4|
ikl PrNERRERT - v = = Tl wor




SIBILTTY Model Presentatioiis s
ASSESSInent of OlIRSHjlIRIsk dUENGPotential

Increaseac) VagsaFrafile et €narry Polrls, Wesallalejion

Dr;ff" Ack R Harrald, Dr. J. Rene van Dorp, Dr. Greg Shaw,
& D Themas A. Mazzuehi, Adil Caner Sener

_ Martha Grabowski, Zhi Zhou, Michael Steward

Dr. Jason R. W. Merrick, Kristina Werner

| Tur GEORGE(®) Rensselaer

| WASHINGTON
UNIVERSITY

a% W ASHINGTON DC



—= Definition of V|S|b|I|ty Locatlons

B =
*‘«;ﬁ\ Cherry Pomt '—l

Strait of Juan de Fuca West =

VTRA STUDY AREA

VTRA = Vessel Traffic
Risk Assessment

THE GE ORG E|®)
WASHINGTON
UNIVERSITY

| WASHINGTON DQ




STRAIT O;GEOFIGIJ\
STRAIT OF JUAN DE FUCA

-
T T e

B0 4 | ; I
- Hourly Land Visibility
T \ by (5 ==

. DATA SOURCE:

NATIONAL CLIMATIC

DATA CENTER




2 AnlY er= here IS bad Iand V|S|b|I|ty (less than 0.5
Heuical ﬂé) We assume that there is bad visibility
Of] EJ’]Q_Q_\ as well.

.—_;-.
=

o F \'- ~when we have good land visibility It IS
== * possible that we have poor visibility on the water
= -—-:{ye’ssels are required to operate their fog signals).
- We need a separate Sea Visibility Model to model
such a weather phenomenon.



Reference : Ray Sanderson, Meteorology at Sea,
Stanford Maritime Limited, 1982




Time“Sépes of WTMP and DEWPTF
fest Strait. of Juan-de=Fuca

i ——

Potential for Sea Fog over the summer ——2002
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e calibLatﬁ.{@“Sﬁ"d.aySﬂ‘t""

- S
PlIOt = 0.75 mile and at 50 @ays
annualiVaas0rSamIeESHn

7 R s yon. VEStStrait orJuan ae Fuca

Washington, Hawaii, and
Pacific Islands

2006 (38th) Edition

eV parts of the world is the vigilance more called
-u“ “than when entering the Strait of Juan de Fuca from
=iie Pacific in fog. Sea fog is the most common type, and it
=== |s at [ts worst from about July through October. Local land
= - fog-extends the visibility hazard into the winter. Fog IS most
freguent at the West end of the Strait. Here, visibilities
drop to less than O. /75 mile on about 55 days annually,
compared to about 35 days in the East end.”



e calibLatg,{@‘(%‘fS"d.aySﬂ‘t""

- S
PlIOt 0,75 mile.and'at 31 @ays
annualiVaas0rSamIeESHn

7 R s yon. EaSt Stralt orJuan ae Fuca

Washington, Hawaii, and
Pacific Islands

2006 (38th) Edition

eV parts of the world is the vigilance more called
-u“ “than when entering the Strait of Juan de Fuca from
=iie Pacific in fog. Sea fog is the most common type, and it
=== |s at [ts worst from about July through October. Local land
= - fog-extends the visibility hazard into the winter. Fog IS most
freguent at the West end of the Strait. Here, visibilities
drop to less than O. /75 mile on about 55 days annually,
compared torabout 35 days In the East end.”
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C In'few parts of theswoerld'is the vigilance:moreicalled tpon
MSt than when entering the Strait of Juan de Fucasiremitie
Pilot &/ e~

Pagific.in fog. Sea feg|is the - pPe; andi

. Its wors@m-abput July throughrOcteher. Local land fog
aciic Conat. extends; the V|5|ility hazard nte the winter. Fog IS most
&1'Lf+?ir.1"$?£,'ﬁii'kn,an ] equents West-end ofi the: Strait: Here; visibilities drep
Pacific Islands thar 75 i appvElly,

2006 (38th) Edition comparedtoraboutssidayshinithe Eastend:

. Average 2002-2005
US Coast Pilot
# Bad Visibility Days # Bad Visibility Days
55

54

West Strait of Juan De Fuca
— |East Strait of Juan de Fuca 35 35
~|Cherry Point 20 20
-~ |Puget Sound North 25 to 40 28
JPuget Sound South 2510 40 26
Haro Strait Boundary Pass Expert Judgment 19
Rosario Strait Expert Judgment 25
Guemes Channel Expert Judgment 18

Saddle Bag Expert Judgment 18



per Refine with Expert Judgment._

JL) A Gtal data from US EXAMPLE QUESTION

Please compare the two locations in terms of the percentage

4 PaSS Rosarlo of time that vessel operate in restricted visibility (I.e. vessel
are required to use their fog signal) in the specified quarter.

' hannel . Location Location

Haro St. - B. Pass Rosario Strait
Left Hand Side More Right Hand Side More

[o]8]7fefsf4]s]2]1]2]3]4f5[6[7]8]9]

. , since 1 Same amount of time

3 Three times more
NOAA Wweather 5 Five times more

ohservations themselves 7 Seven times more
9 Nine times or more

do not allow us to model

their particulars.




EAST STRAIT OF JUAN DE FUCA

BUOY J ENTRANCE WEST STRAIT OF JUAN DE FUCA

el ~54 Days via CP ~ 39 Days via CP | ~35 Days via CP
= T FE
9 | el B
=, M an= ARARNR B - HRREAR. B - o -

HARO ST/B. PASS

SADDLE BAG AND GUEMES CHANNEL

ROSARIO STRAIT

| ~ 25 Days via EJ - ~ 18 Days via EJ ] ~ 19 Days viaEJ -

#BV Days
=
o

# BV Days
# BV Days

fl

Sibn |

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

DATA SOURCE CURRENT DIRECTIONS:
MAPTECH SOFTWARE




_

1D Name Lat Long
1 |Admiralty Head 48.1500 [ 122.700 2 145 25 + 0 03 1.29 + 0 07 1.2 2.1 3.1
2 |Admiralty Inlet 48.0333 [ 122.633 2 179 3 + 0 00 1 + 0 00 1 1.6 2.6
3 |Agate Pass 1 47.7167 | 122.550 2 230 32 - 1 00 0.8 + 0 59 0.69 0 0
4 |Agate Pass 2 47.7128 | 122.565 2 216 37 + 0 53 2 + 0 47 1.39 3.3 3.6
5 |Alden Point 48.7578 | 122.980 | 107 25 185 + 0 26 0.89 + 0 53 1.1 1 2.1
6 |Alki Point 47.5755 | 122.428 2 160 330 + 0 44 0.3 + 0 39 0.2 0.5 0.5
7 |Apple Cove Point 47.8167 | 122.466 2 168 8 + 0 11 0.3 + 0 29 0.3 0.5 0.8
8 |Balch Passage 47.1875 | 122.697 | 126 296 107 - 1 07 0.4 + 0 40 0.8 1.1 2.2
9 [Barnes Island 48.6858 | 122.788 | 107 315 140 + 1 20 0.6 + 0 08 0.5 0.6 0.9
10 |Bellingham Channel 48.5603 | 122.663 | 107 45 185 - 0 08 1.1 + 0 51 1.2 1.2 2.2
11 [Blake Island 47.5250 [ 122.499 2 131 326 - 2 37 0.2 + 0 25 0.2 0.3 0.5
12 [Boundary Pass 48.6953 [ 123.235 | 107 41 203 - 0 34 1.6 + 0 02 1.39 0.7 1.6
13 [Burrows Bay 48.4628 | 122.682 | 107 22 209 + 0 48 0.89 + 0 43 0.2 1 0.4
14 [channel 47.4667 | 122.700 | 107 304 96 + 0 34 2 + 0 57 0.69 0 0
15 [Burrows Island Light 48.4833 | 122.733 | 107 15 200 + 0 03 1 + 0 16 1.1 11 2.1
16 [Bush Point Light 48.0333 [ 122.616 2 144 309 + 0 21 1.1 + 0 35 1.1 1.7 2.9
| 17 |Cattle Point 1 48.4338 | 122.947 | 108 340 195 + 0 20 0.3 + 0 01 0.89 0.8 2.4
ﬁ 18 [Cattle Point 2 48.4000 [ 123.000 2 46 187 - 0 52 0.4 + 0 42 0.2 0.6 0.4
- | 19 |Cattle Point 3 48.3833 [ 123.016 2 120 210 + 1 11 0.6 + 0 44 0.3 0.9 0.9
| 20 |Clark Island 48.7333 [ 122.766 | 107 335 150 + 1 14 0.6 + 0 02 0.6 0 0
| 21 |Colville Island 1 48.4000 [ 122.816 | 107 55 235 + 0 31 1 + 0 07 1.2 1.1 2.3
22 |Colville Island 2 48.4167 | 122.783 | 107 55 215 - 0 14 1.39 + 0 14 1 1.6 1.9
23 |Crane Island 48.5895 [ 122.998 | 108 288 75 + 0 35 0.2 + 0 07 0.1 04 0.3
24 |Dana Passage 47.1633 | 122.867 | 126 249 76 + 0 09 0.5 + 0 12 0.8 15 2.2
25 |Deception Island 1 48.4197 | 122.698 | 107 17 161 + 1 1
26 |Deception Island 2 47.4000 [ 122.700 | 107 35 210 - 0 2
27 |Deception Island 3 48.4125 | 122.739 | 107 15 190 - 0 0
28 |Deception Pass 48.4062 | 122.643 28 90 270 + 0 0
29 |Discovery Island 1 48.3833 | 123.200 2 25 250 + 0 0
30 |Discovery Island 2 48.4500 | 123.150 + 1 0
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gslack, Flood; Ele; Slack; Flood, etc.

Current Speed (Knts)

9:36 14:24 19:12 0:00

Time
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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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Enerate ACCident SCERENDS
SIReThe Mariﬁni@y_giefm Simulation Model

——
e

__ Fretifle
Traffic | Arnavals
Data | SITUIENEN
e Maritime System
Weather | Weather Traffic Simulation
S

SIMuanen:

Current Clrre
: Data [mmmmel =
SIMIUIaten

Required close cooperation with the USCG VTS and Puget Sound
Harbor Safety Committee for data + validation 24
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WSF = 2.5 minutes
ﬂ SF Bay = 1 minute
VTRA Study = 1 minute
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Generating Accident:
Scarlefles

T
-

Counting Collision
Accident Scenario’s

Counting Drift
Grounding Accident
Scenario’s

Counting Powered
Grounding Accident
Scenario’s




type INTERACTION - racord
lex_number 1 : langink ;
lex_number 2 : longink ;
: lex_number 4 : longink ;
lex_number 5 : langink ;
§0.00 lex_number & : longink ;
lex_number 7 : langink ;

fIndex I - VOI Location Infoj

Intaraction_Type :longink ; 400000000}
Vol slongink; § 26000000}
VoI X :Longink; | S00000 }
woI1_Y {”’? .Langint; | 500}

fIndex 2 - VOT Attributes}
VOI_Location s Longlnk ; f200000000}
‘Hours Fassed - Axis: % of Maximum Historical Exposure WOI_Inbound Jutbound:lLongint; | 200000001

— - VOI_Spesd sLongink ; { 3000000}
iy e a Ly o _— o ol _DF :longink; | 12500}
e o oY 4 f a0 oamcin an ) . v . o v o] IV_Cargo :Longimk; f 20}
-Hc"'“;“'m.fﬂ") »rs = i R EP “ vy o IV _Bargs Typ= s Longink ; f 5}

ng.ul n.‘:.” o . i i - )
= 7o # - . ® s ’ .- - .
s ) - : ho* i i {Index 3 - VOT Attributes}

; . \ - VOI_Cargo :Longlnk ;  [f20000000}
WOI_Tethered State :Longinkt; | 200000}
VOI_Barge Typs sLongink;  f 50000}
VOI_Hook Up sLonglink;  f 4000}
VoI_ID slonglink; B8g}

fIndex & - Environment Info)

Vielbility s longink ;
wind Direction s longink ; 2000000}
Wind Spsed : longink ; 400000 }

[20000000}

{

| {
Currsnkt sLongink;  f 30000}
{

{

{

Current Directicn : Longink ; 3000}
H Vazselsz : Longink ; 300}
Escort_Etate : Longink ; 20}

1]

Port Ar deat CEILAD i S, T - £ - : {Index 5 - Shore Interaction Locatlon)

Shore ¥ s Longink ; f 500000}
Index 1 Index 2 Index 3 Index 4 |Index 5 Ilnde:-: B Ilndex 7 IND aof Dccunencesl Tj_me_E-:u_Sh-:ure Longink; LY
425120095 4103013000 110222907 111221300 628013193 121094074 301132018 2
425121095 4109013000 110222907 1111221300 626003190 126034032 223021000
425121095 4109013000 11022207 111221300 628013199 122094074 301132018
425121095| 4103013000 11022007 1111222300 626003130 126034032 223021000
425121095 4103013000 11022007 1111222300 628013133 122094074 301132018
425126095 4109013000 110222007 1M21221300 626003190 127094032 223022018
425127095 4109013000 110222007 1M21221300 626003190 127094032 223022018
425128095 4109013000 110222007 1121221300 626003190 127094032 223022018
425174081 | 3210042000 120262107 1111121300 626003190 176082032 223032000

{Index & - Interacting Vessel Location}

IV X sLongink; {500000000})
IV Y sLongink; { 500000}
IV_DP sLongink; | IZ5}

fIndex 7 - Interacting Vessel Info}

IV _TrafficScenaric :Longinkt; [400000000}

IV_TrafficTyps :longink ; { Z5000000)

IV Speed s Longink; § 300000}

IV_ProxvVeszel s Longink ; f 2000}

IV_InterAingle s Longink ; f 1g0}
end:
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Maritime Incident Expert Oil Outflow
Simulation Data Judgment Model
Joint work VCU Personnel: RPI Personnel:
with: Dr. Jason R. W. Merrick, Dr. M. Grabowsku,

and Team and Team




I

Gather Re evan’l"i"'mdent

ACCIURT DAL

° Acciafisy \,JJ]JJJJnJ PJWQr@ dhCrounding Drift
JfJ.JJ']_JJf]J .l,r dA isions of Tank Ships and Tug\Tow
FIT_J(—‘" - .‘1_

° Inu.]ar“' Propulsion Failure, Steering Failure,
I\Jrl\/Jf Al aI Aid Failure and Human Error.

rl'i Iim

e ThIS step involves pulling together data
——:.:-“ : i from multiple data sources ensuring no
== double counting and avoiding '
' occurrence of missing data

80



SUTnERe

- Tankers calling
= yeJch c.“. v
=3 HrJ,)JL)Jc  failures: 31 — 4 accidents have occurred

‘--"1.-

= Jrs‘dﬂﬁJ failures: 11 In data collection period

==Nav, J, allures 10 — 3 of these were caused by
=i human error and 1 by

-

.= - mechanical failure

3s ar — Use 1 to 3 multiplier on
5 years of data mechanical failure rates

»

—
. | /

— S_teerlng failures: 2
- - — Nav. aid failures: 2
Joint work
with:
RPI Personnel: Dr. Martha Grabowski, Zhi Zhou, Michael
Steward, Brittany Steward, Huawei Song, Zhuyu You g;




SMihic yAcmd ent DM
P

SNBRVERS) of data, 4. accidents

2 1 collision

e tanker Alleglance and jits escort tug Sea King collided in
SIAILSION Juan de Fuca east

-1 groundl
= Il‘_}‘i SV York dragged anchor and grounded in 55 knots winds
~off M arch Point

e o Sl

p == 1179
) e e | |~ -
- - - GETHIINE

=

= o =

p—
—

_'_' — “Tanker Leyte Spirit allides with dock when trying to leave dock
_—:-'_‘:-L—T-: In"high winds and seas
~ —  — Tanker Overseas Arctic allides with piling bracket when docking

- ~ at Tacoma

Joint work
with:
RPI Personnel: Dr. Martha Grabowski, Zhi Zhou, Michael

'-.: RBI]SSE].(J.BI Steward, Brittany Steward, Huawei Song, Zhuyu You g,




ReElIBYation torAccident Datar

e Counting Grid: 130
Grid Cells

e Suppose we have a
we a total of 130
Vessel Interactions
evenly in 10 Grid
Cells over the area.

e Suppose we have a
- we have a total of 1
%Collision in our Data.

e Suppose all
Interactions are the
same

Pr(Collision per 1

Interaction) = 130 Calibration Step means that in Base Case

Simulation the accident rate per year Is the same
as the historically observed accident Rate "

3



ReElIYation torAceident Datar™

e Counting Grid: 130
Grid Cells

e Suppose we have a
we a total of 130
Vessel Interactions
evenly in 10 Grid
Cells over the area.

e Suppose we have a
- we have a total of 1
%Collision in our Data.

e Suppose all
Interactions are the
same

Pr(Collision per 1

Interaction) = 130 DOES NOT MAKE SENSE BECAUSE




e Counting Grid: 130
Grid Cells

e Suppose we have a
we a total of 130
Vessel Interactions
evenly in 10 Grid
Cells over the area.

e Suppose we have a
we have a total of 1
- Collision in our Data.

e Suppose all
Interactions are the
same

Pr(Collision per 1
Interaction) = 130

CALLIBRATE SO OVERALL ACCIDENT RATE
REMAINS THE SAME, BUT ACCOUNT FOR
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Channel -

VTRA STUDY AREA

VTRA = Vessel Traffic
Risk Assessment
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gent Attributes Tanker Guel s
—
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 TRAFFIC SCENARIO
Tug without Barge 1 to 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




RLALK

-

_— _
GENt ALtHBUTES TUQ MOUEIE

A

Ace

~—

LOCATION

DIRECTION

CARGO

HOOKUP

Cherry Point Area
Puget Sound South
Strait of Juan de Fuca East
Strait of Juan de Fuca West
Puget Sound North
Saddle Bag Area
Rosario Strait
Haro Strait\Boundary Pass
Guemes Channel

Inbound
Outbound

No Barge
Unladen Barge
Laden Container Barge
Laden Bulk Cargo Barge
Laden Derrick/Crane Barge
Laden Oil Barge
Log Tow

No Barge
ATB or ITB
Pushing Ahead
Towing Astern

VESSEL TYPE

TRAFFIC PROXIMITY

TRAFFIC SCENARIO

Tug without Barge
Tug ATB's or ITB's
Tug Pushing Ahead
Container
Tanker
Bulk carrier
Freighter
Passenger vessel
Service vessel
Public vessel
Fishing Vessel
Tug Towing Astern
Recreational Vessel

1 to 5 miles
Less than 1 mile

Crossing Astern
Meeting
Overtaking
Crossing the Bow

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




B CONANCE Expertitidgment
SIItationSYEMQUESHIONNaIes

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

WATERWAY CONDITIONS

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 6543212345678 29

: 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.

389




Collision Probability Model:

Pr(Collision|Incident, X) = Pgeaf:p{ﬁT)_{},

— I— I —

Collision Question j, j=1,..., n:
Pr(Collision|Incident, X7)
Pr(Collision|Incident, X2)

PT(Collzswn\Inczdent X)) _ g7 0
Pr(Collzsmn\Incadent XZ) —E O

— cop{ 10 - 1)

Expert Responds to Question j:

Pr(Collision|Incident, X7)
Pr(Collision|Incident, X7)

=Y; = ln(yj) /BTQJ



Accident Probability Model + Data

Pr{Accident|Incident, X ) = H;]E;rp(ﬁri). %

=

Expert response vector Z = (,251, Ces ,zn) to queshc}_: S 71
organized in questionnaire matrix () = [91: ey Qn (£

1=

T T
z; = In(y;) = B q;, (Z;|py,7) ~ N(py, r), gy = 5 gy, 7 =ty
—
R

Likelihood ) . ‘——rU
LIZ| G r Q) r2 e;rp{ — a[ c—2 @T,f__ﬁ’ + QTA; | ﬂJ;U

= T = T 2 l-'—/J-U

A= quqj b =) 2,q;;¢c= sz =

J=1 =1 =1 -

Prior distribution &

p . a - . A b T p .
[T r)ocriteap - SV) X '?"Z‘Eifp{ — —(F-mIAE- mi'}'

In: P. Szwed, J. Rene van Dorp, J.R.W.Merrick, T.A. Mazzuchi and A. Singh (2006).
“A Bayesian Paired Comparison Approach for Relative Accident Probability Assessment with
Covariate Information”, European Journal of Operations Research, Vol. 169 (1), pp. 157-177.

91



Prior Setting
I
+

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’
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HDNHHHjNIPhﬂSHAQE

to11.d
T

Posterior Results

6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

In: P. Szwed, J. Rene van Dorp, J.R.W.Merrick, T.A. Mazzuchi and A. Singh (2006).

“A Bayesian Paired Comparison Approach for Relative Accident Probability Assessmengyvith
Covariate Information”, European Journal of Operations Research, Vol. 169 (1), pp. 157-177.



Q30

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

WATERWAY CONDITIONS
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 65432123456 172829

: More?

Situation 1 is worse

< X

Situation 2 is worse

75% Apriori Credibility Interval = - -
[1/6974, 6974] - -

g
4 5
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Situation 1

TANKER DESCRIPTION

Situation 2

Rosario Strait

Location

Guemes Channel

Inbound

Laden

== 5| B EX D E G UE SH OIS WalAen Y,

One Tethe

Shallow Draft Pa

Crossing the

OReEratiiblUteraiertiMENVENNEY
= N GVWAAIATUIW R ERalbiiIUites

orts

ared

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




®JIENIZALtIONS WW

Exm ment Elicitations.

r)JJl—‘I‘:)Ol llots
~ATC =
3. US rln_]" anadian Tug Companies operating in the
VIRA'S udy area:

- U %ased Fess, Crowley, Olympic Tug and

_'-"

'.__-

= Barge (US), K-Sea, Sea Coast, Sause
= Bros.
~ Canadian Based: Seaspan, Island Tug and Barge
e 4. The Washington State Ferries
e 5. Seattle sector US Coast guard VTS.



38 EXPERTS - Numbers indicate years sailing CUMULATIVE
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

YA tgtal of 9 c|uastionralres
- 38 axoeris gvar 7 seoarate aljicitatior!

gasslons cigoarsac) gyar el L vaar garjoc)
2 Copnolneel pltoars of \Veelrs Sellnel
axoariarca axcaacds 922 vaars

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
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Maritime Incident Expert Oil Outflow
Simulation Data Judgment Model

Joint work with:

TU Delft
Personnel:
Giel van de Wiel

%
TUDelft

Delft University of Technology

98
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T;___..-*EL‘(J‘O(BO collision and 10, OOO

~ grounding events for each of two

“designs (single-hull and double-

hull) of the two different sizes
(150,000 and 40,000 DWT).”

Quoted from: NRC Special Report 259

SPECIAL REPORT 259

ENVIRONMENTAL
PERFORMANCE of
TANKER DESIGNS in
COLLISION and GROUNDING

Method for Comparison

MARINE BOARD
TRANSPORTATION RESEARCH BOARD
THE NATIONAL ACADEMIES

99



NATIONAL RESIENCH COUNE|F et
SPECIALIR=e)RA] 250 =

0,000 collision
- _L),JOO GO "o anarios
'\r Iled to 4 tanker designs: X

[ 40kT \ //

Double hull

=

e’ Use physical damage simulation software
SIMCOL and DAMAGE to generate oll
outflows (Computationally extensive)

OOOOOOOOOOOOOOOOO




- T
ERIRONFOMeUtH ovw'medel devel

computation

3

A baseline Sysem JISKSEUEl/SISISTY
sirmulation ganek ted

157, 670 coII|S|on and 1 236,603 grounding scenarios

pes ,,gl n and grounding scenarios
58 -'IZ]TEIGS’[IOHS
f -Given accident scenario what is the damage extent?

2, What is the probablility of outflow given the damage
3 extent?

3. Which compartments are affected, I.e.
what Is the total outflow volume?

101



Q1: Damage —Q2: Chance of — Q3: Outflow

extent? Hull rupture? Volume?
/ V N
Scenario Probability Outflow -
: Damage [ : —> Vol Oil Outflow
Variables calculation of rupture olume Volume
calculation calculation
A A A

|
OIL OUTFLOW MODEL:

T

coefficients coefficients coefficients
Polynomial Binary Damage
Linear Logistic Location
regression Regression Analysis

ENVIRONMENTAL
PERFORMANCE of
TANKER DESIGNS in
COLLISION and GROUNDING
Method for Comparison

BN

Simulation
Output Data
(Outflow)

Simulation
Output Data
(Damage)

Simulation
Input Data

SIMULATION DATA ANALYSIS Y, Yp data {0, 1} data, V data



Step 1
Damage
calculation

W
1] LN

ri,-'h

e —

=0l
i,
=

= Fangential
@K netic Energy

—————————————————————————————————————————

. struck ship | icollision | |striking ship
 -velocity .| -location ! :-velocity

 -displacement —* -angle “— -displacement |
' -hull type .| -bowangle !

________________________________________________________________

Perpendicular
Kinetic Energy
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Perpendicular Kinetic Energy vs. Maximum Penetration

"""1"""r"""
PR N R ——
)

§

= [ A Iy R

LI T
3L "I

[=]
5%}
[=]
s
[=1
[&7)

Perpendicular Kinetic Energy (CDF)

SHCOM

— — DHCOWM

Step 1
Damage g
calculation - %
R2 approx 70% =
((b)
c
(D)
o
L] i x
SH40 SHCOM DH150 DHCOM | (4
I I _ __
number ot data points 7467 7473 14940 T4hd 7466 14920 2
R2walue 709% 681%  689% 715%  69.9% 70.6%
Mallows C,-value 19.0 19.8 13.1 14.2 24.0 16.0
Coef-ﬁcients
Ba 2914 2661  -2.082 2031 -2.786  -2.632 A
A, 3078 -1215 2246 2128 2,047  -0.117
B2y  5.BE0 5303 5231  6.180 4692 4.670
Faq 0031 -2493 3360 0708 -3.224  -1.973
By1 0546 1613 1.188 0655  1.429 1.155
Ba1 - - 0.223 - - 0.052
By - 10.181 0.687  0.598 - 5.792
2.2 - - - -5.563 - -
Ba2 - 20261 25.010 - 24137  16.819 c
By - -0931  -0.560 - 0784 -0.566 +—
Bs 2 - - - - - - (@)
Bra - 8145 . . . . c
fay -11082 -6.405  -6.750 - 5410  -5756 b}
Bas - 68750 -75.742 -13.300 -69.908  -53.668 —J
Bas - - - -0.158 - - (b}
Bs3 - - - - - - (@)}
By, -2924 - - - - -10.900 [0
Baq  9.403 - - - - - E
fi - 04811 96400 27.442 85081  69.372 o
Bas - - - - - -
e - - - - - - —
i 2823 2.008 - - 0542 7.798
fEs - 4134 4529 2201 3724 4.031
Far  -0.480 -44783 -43.224 -15354 -36.872 -31.216
Bas - - - - - -
Ba.s - - - - - -

Tangential Kinetic Energy (CDF)

SHCOM

— — DHCOM




Q1: Damage Q2: Chance of

extent? Hull rupture?
Collision Step 1 Step 2
Scenario Probability
: Damage [ ot
Variables calculation of rupture
calculation
A A

|
OIL OUTFLOW MODEL | |

-

e coefficients coefficients
+ +
Polynomial Binary
= Linear Logistic
— regression Regression

ENVIRONMENTAL
PERFORMANCE of
TANKER DESIGNS in
COLLISION and GROUNDING
Method for Comparison

Simulation
Output Data
(Outflow)

Simulation
Output Data
(Damage)

Simulation
Input Data

SIMULATION DATA ANALYSIS Y,, Yp data {0, 1} data



Step 2
Probability
of rupture
calculation

—

Gradual Funciion of 9g Alrplgsii el Sitggl s eijo
Longitudinal and Tragsyvaisal Pelgllefa il Transversal Damage only.

Single Hull Double Hull

1.01

m‘ﬁff‘}?ﬁﬁ”””
[
L,

oo i,
ra i
'%ﬂmr

0.751

E[Z] ol




Q1: Damage —Q2: Chance of — Q3: Outflow

extent? Hull rupture? Volume?
/ V N
Scenario Probability Outflow -
: Damage [ : —> Vol Oil Outflow
Variables calculation of rupture olume Volume
calculation calculation
A A A

|
OIL OUTFLOW MODEL:

T

coefficients coefficients coefficients
Polynomial Binary Damage
Linear Logistic Location
regression Regression Analysis

ENVIRONMENTAL
PERFORMANCE of
TANKER DESIGNS in
COLLISION and GROUNDING
Method for Comparison

BN

Simulation
Output Data
(Outflow)

Simulation
Output Data
(Damage)

Simulation
Input Data

SIMULATION DATA ANALYSIS Y, Yp data {0, 1} data, V data
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A 4

f%'iﬁfh_btion 1:

damage area Is a sguare

Assumption 2:
all oil from a penetrated compartment is lost

108



T
o%

41 .&m

lefEfEzrifa)s

41.&6m 41,8 m 416 m 416 m

———

e P i
il -
— _-l.__
— —

~ Taken From
NRC 259
Reporit

Corgo¥WoE = 2,42 m

Congo YO = 378m
below Wl / Bl WL

| Al ballast tarks ore \

. e that DB hull kas
of ] type O height = 3.34 m 34 greater droff




RO EETASHEGts of Ol Outflow model
Sir Cl Probablllty Moedel

Vessel Size T
Struck Prob. T

nme Vessel 2 is

Exposed to being hit

Vessel Speed T
Struck Prob. l

T,
I+ 1%

1
h= (sm¢+ LlJ

Time Vessel 1 is

P 'T‘[:Vessel L 1s struck) =

Exposed to being hit



Worst Case assumptions for locations of Bunker Fuel and Diesel Fuel

Tanker Configurations 40 KT

233 m 23.3m 233m Z13m Z13dm 233 m
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IETASPECTS of OffOUtow frioelal

RIEINEOSSES, 0ff Tankersganad other DEep Draft Vessels

Bunker Fuel: Deep Draft Vessels

Diesel Fuel - Deep Draft Vessels

10000

1000

Bunker Volume (m"3)

9000 - -
8000 - -
7000 -
6000 -
5000 A
4000 A
3000 A
2000 A

y=0.2557x"7%%°

***********************************

Diesel Volume (m"3)

***********

900 1 - - {y=-1E-04x’ + 0.0546x - 7.9313x + 421.46 | -
800 1 - - R?=0.2433
700 - |
600 -
500 -
400 -
300 -
200 -




- Oirner Aspects of OlISOUtHOWSHIBUE] S
F.Lel_ PSses of Tankerspand other DEEP Draft Vessels

A

Bunker Fuel - Diesel Fuel: Deep Draft Vessels

77777777777777777777777777777777777777777777777777777777

. - - - - - - - - - - - - - - - - - - - - - - - - - ‘- - - - - - - - 4 _ _ - - - - - - _ _ _ _ _ _ _ _ _

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Volume (m"3)

- - - - - - - - - - - - - - - _ e ©

- - - - - - - - - - - - - _ _

DIESEL FUEL o BUNKERFUEL - - - :Poly. (DIESEL FUEL) — — Power (BUNKER FUEL)
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S
IEIRASPECLS of Ol Outflow MBUELE
RUEINLeSSes of WShakerries and! RS Ferries

Total Fuel Capacity

Number of Fuel

Location Fuel Tank (Mid-Ship,

Approximate length

Approximate width Fuel

WSF Ferry Class (in Gallons) Tanks Starboard, Port) Fuel Tank Tank
Puyallup Jumbo Mark Il 110385 2 #1 Centerline #2 Centerline 37 30
Tacome Jumbo Mark Il 110385 2 #1 Centerline #2 Centerline 37 30
Wenatchee Jumbo Mark Il 110385 2 #1 Centerline #2 Centerline 37 30
Spokane Jumbo 125000 2 #1 Centerline #2 Centerline 40 35
Walla Walla Jumbo 125000 2 #1 Centerline #2 Centerline 40 35
Elwha Super 62372 3 Port Center STB (MID) 27 24
Hyak Super 77683 3 Port Center STB (MID) 27 24
Kaleetan Super 77683 3 Port Center STB (MID) 27 24
Yakima Super 77683 3 Port Center STB (MID) 27 24
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Cathlamet Issaquah 130 115400 4 Wing STB (MID) 1&4 -- 13'6" 2&3 -- 27" 1&4 fuel oil tks.14'-0"W
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Chelan Issaquah 130 115400 4 Wing STB (MID) 184 -- 13'6" 2&3 - 27' 1&4 fuel ail tks.14'-0"W
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Issaquah Issaquah 130 115400 4 Wing STB (MID) 1&4 -- 13'6" 2&3 -- 27" 1&4 fuel oil tks.14'-0"W
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Kitsap Issaquah 130 115400 4 Wing STB (MID) 1&4 -- 13'6" 2&3 -- 27" 1&4 fuel oil tks.14'-0"W
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Kittitas Issaquah 130 115400 4 Wing STB (MID) 1&4 -- 13'6" 2&3 -- 27" 1&4 fuel oil tks.14'-0"W
Wing Port, Deep Port Deep STB #2&3 fuel oil tks. 22'-6"W,
Sealth Issaquah 100 115400 4 Wing STB (MID) 1&4 -- 13'6" 2&3 -- 27" 1&4 fuel oil tks.14'-0"W
Evergreen State Evergreen 30600 2 Port STB (MID) 13.5 14
Klahowya Evergreen 30600 2 Port STB (MID) 13.5 14
Tillikum Evergreen 30600 2 Port STB (MID) 13.5 14
lllahee Steel Electric 9000 2 Port STB (MID) 12 6' Diameter
Klickitat Steel Electric 9000 2 Port STB (MID) 12 6' Diameter
Nisqually Steel Electric 9000 2 Port STB (MID) 12 6' Diameter
Quinault Steel Electric 9000 2 Port STB (MID) 12 6' Diameter
Rhodondendron Rhodondendron 11397 2 Center Line #1 end #2 end 20 12'
Hiyu Hiyu 10000 2 Port STB #1 end 12 NA
Kalama POV 6714 2 Port STB (MID) 6 6
Skagit POV 6714 2 Port STB (MID) 6 6




-~ Orrles Aspects Of ONSOUTHeWNHBHEE]

--——-

BEUElLosses of Other Interacting VEssels

Diesel Fuel: Tugs Diesel Fuel: Fishing Vessels

1000 , , , L L L L I I I I I
_ 3.4889 1 1 1 1 1
900 |y = 4E-05x**%% 90 -Y—2-0003X
2 _ R =0.8551 ST
a0 L2220 Wl
7004 - F 7O g
5 600 - R R
g E | | | | | | | | |
- £ S = S Y
= o @ 50 4---t--ctocodoede e
48T = Y
LS 400 [ S AT
300 - 30
200 - R e 74 [ I R S
0 0

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

5 10 15 20 25 30 35 40 45 50 0 5

LOA (m)

0




olner Aggiects off OIFOUtHOWIIRHE]S

P

Uelfllesses o Ouer Interacting \Vessels

Diesel Fuel : Motor Yachts Diesel Fuel:
and Service Vessels Sailing Regattas
10 ‘ ‘ ‘ 1 ‘ ‘ 1 ‘ ‘
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OIIFOUEH e Caie OHES

Vessel of Interest - Persistent Oil: VOI - PO
(Crude and Bunker Fuel) — Tanker, ATB, ITB

Vessel of Interest — Non Persistent Oil: VOI - NPO
(Product and Diesel Fuel) — Tanker, ATB, ITB

Interacting Vessel - Persistent Oil: 1V - PO
(Crude and Bunker Fuel) — Colliding Vessels

Interacting Vessel — Non Persistent Oil: IV - NPO
(Product and Diesel Fuel) — Colliding Vessels




Maritime Incident Expert Oil Outflow
Simulation Data Judgment Model

THE GEORGE
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UNIVERSITY
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DEVEIBRNR0ST-PrOCESsINg Analysis
ERgine that INtegratesH e

41 OFI DataBase: OFL.DB - Analysis Database: Analysis.DE _18| x|

File Analysis Wiew ©Options Merge Draw Results

Indes 1 Index 2 IIndeH 3 ||I"IE|BH 4 I|I"IE|BH ] IIndex E IIndeH h |F‘ F'I dVESSEL IﬁIAI Mo of Docurences I.ﬂ.ggregated RIF I.ﬁ.verage #of Incidentsl.-’-werae Ol Oluitflowy [mAS]I In‘i’
il il 0 0 noaono 15767000 157670 2.METI72EE 0.3700060363 9.472514627
100000000 100000000 0 £00000000 il 3 5.402873703E-7 470184 3006E -6
100000000 100000000 0 600000000 1] 4 2.113950551E-7 . gt - £.348937203E-7
100000000 100000000 0 600000000 1] 24 2.202417337E-6 ) - 0.002330410673
1.701132534E -6 ; 0003121973141
ACCIdent Scenarlo Cou nts 6.756151072E-7 4.185813664E-5 0.001303835302
. 2.21787871E-6 7.248302908€E -7
1.592434E601E-B E.043805991E-B
7.4EgME114E-7 52272612886 3.341407365E-5
3443002337 2.444300238E-7 1.301513055E 6

Expe rt J U d g m e nt + 5:4028?3?03E-? 1.080574741E-6 3.134562004E 6

I n C | d e nt/ACC | d e nt D ata i 3.007342854E-7 1.202937142E-6 9.804526945E-7

1.916779775E -6 4.791943436E-5 0.003024136605
1.343336934E -6 5.239014275E-5 0.005057134013
1000000007 100000000 0 E00000000 0 £.361220956E -7 4.770915717E-5 0007711100735
10000 4 531586845E -7 2141107 E-6 4.820668603E -6

muunl O|| Outﬂow Ana'ysis .8181?1153E:? 1 763623 E6 £.693711944E £

4
400001058
400001059
400001060
400001063
400001064
400001065
400001070
400001073
400001074
400002058
400002059
400002060
400002063
400002064
400002085
400002069
400002070
400002071
400002072
400003059
400003060
400003063
400003064
400003065
400003069
400003070
400003071

K

10000 2.818171153E-7 3.346655972E 6
10000 T 11 2.423824414E-6 1.592716626E-5
100000000 100000000 0 8.308232235E-6 9.533463159E-5
100000000 100000000 0 3.066103323E-5 0.0003324603337
100000000 100000000 0 £00000000 1.960738135E-5 0.001036330457
100000000 100000000 0 £00000000 coooT T
100000000 100000000 0 £00000000
0
0
0
0

B
500000000
£00000000

100000000 100000000 500000000
1000000007 100000000 500000000
1000000007 100000000 500000000
100000000 100000000 £00000000

[ [y e e s e s e A e s Y e [ s e A s e A e e Y s Y s A s s T s N o e |

oo o o o o o oo dg

-

RIS Kaplan's (1997) System Risk Definition

OF| D atabase [C:32 - PAP - CASES DutflowhD - YES - OMEWATY\Wesee MW TRADFIDE YESSE

Analysis Database [C:52 - PAP - CASES DutflowhD - YES - ONEWAT WesselWESSEL AMNALYSIS.DE D?

0%
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Double Hull
Requirement
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W jon of«Case Study =
| —

JhEnalysis results he?gm‘é" the effective 5 three risk
MERENLON mMeasures on the vieus slide by considerng four scenarios of:
enaVIISISimulation ofithe geographic areawithin the'bleuborder on the
naxt slicea,

.

The vass L, f mterest (VOI’s)rare tankers, articulated tug barges and

MLEE Jr,,!ﬁe_] 0| barges senving six refineries within this geographic area. The
EIO[IOXIIALE! locations of these refineries are identified on the next slide.
(Jna J_r tHEmIn the south operates only as a petroleum tank farm since

).)J) =iisr

----C-r

i

hur— Scenarios in guestion are fictitious scenarios that look back in time,
“IRto  the future.

"-- -

— --——--:_e ' " Two-way traffic in Rosario Strait, No Escorting and all VOI's have
= 'a smgle hull:

g ' One-way traffic in Rosario Strait, No Escorting and all VOI's have
- a single hull.

One-way traffic in Rosario Strait, Escorting Scheme that mimics
current regime in study area and all VOI's have a single hull.

One-way traffic in Rosario Strait, Escorting Scheme that mimics
current regime In study area and all VOI's have a double hull.
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S - S ——- Y171 = S

e . sy

Factor x Average Grld B
CeI_I Base Qil Qutflow

> 199.00,)}_

> 10.00.

3.70

— 2,957
2.51%
220
1.95.
1.75 -
1.59

10,00 -} |

= 144858

1.31
1.20
1.09
1.00
0.81
0.65
0.51
0.39
0.28

Average # of Outflow (in m"3)

Average Volume of Total Oil Outflow per year of
Accidents involving Tankers, ATB's and [TB's

~218 m3

-

[d

o
i

o~
L

[l
o

100% 120% 140%
Percentage of Base Case Route Coverage Area

Drift Grounding

0% 20% 40% 60% 80%

—— Collision ——Powered Grounding

Background map is a composite of official
nautical NOAA electronic charts

OIL OUTFLOW GEOGRAPHIC PROFILE SCENARIO 4

ALL THREE RISK INTERVENTION IN PLACE



Average Annual Oil Outflow (m®) by Scenario Total Outflow
SCENARIO 1: TWO WAY-NO ESCORTS-SINGLE HULL 4300.63
SCENARIO 2: ONE WAY-NO ESCORTS-SINGLE HULL 4027.72
SCENARIO 3: ONE WAY-ESCORTS-SINGLE HULL 1376.81
SCENARIO 4: ONE WAY-ESCORTS-DOUBLE HULL 360.96

Percentage Change in Oil Outflow (m®) from Scenario 1 Total Outflow
SCENARIO 1: TWO WAY-NO ESCORTS-SINGLE HULL 100.0%
SCENARIO 2: ONE WAY-NO ESCORTS-SINGLE HULL 93.7% I
SCENARIO 3: ONE WAY-ESCORTS-SINGLE HULL 32.0%
SCENARIO 4: ONE WAY-ESCORTS-DOUBLE HULL 8.4% I

Percentage Change in Oil Outflow (m®) from Scenario 4 Total Outflow
SCENARIO 1: TWO WAY-NO ESCORTS-SINGLE HULL 1191.4%
SCENARIO 2: ONE WAY-NO ESCORTS-SINGLE HULL 1115.8%
SCENARIO 3: ONE WAY-ESCORTS-SINGLE HULL 381.4%
SCENARIO 4: ONE WAY-ESCORTS-DOUBLE HULL 100.0%

SCENARIO 1: TWO WAY-NO ESCORTS-SINGLE HULL

SCENARIO 2: ONE WAY-NO ESCORTS-SINGLE HULL

SCENARIO 3: ONE WAY-ESCORTS-SINGLE HULL

SCENARIO 4: ONE WAY-ESCORTS-DOUBLE HULL

0% 20% 40% 60% 80% 100%  120%

% Change in Total Oil Outflow from Scenario 1
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OVERALL A = 92906 RISK REDUCTION FROM SCENARIO 1
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O1*sHill Reduetion from
2 gl Peotiolesmitlll ScapEiflon

SINGLE HULL (in m”3) VOIPO VOINPO IV PO IVNPO  Total Outflow % Outflow
Collisions 222.7 24.8 2.1 9.5 259.0 18.8%
Groundings 1042.3 75.4 81.2%
Total Outflow 1265.1 100.2 100.0%
DOUBLE HULL (in m”"3) VOIPO VOINPO IV PO IVNPO  Total Outflpw % Outflow
Collisions 109.8 12.4

Groundings 217.0 10.3

Total Outflow 326.8 22.6 361.0

% FROM SINGLE HULL VOIPO VOINPO Total Outflow

Collisions -50.7% -50.1% — 48% o—P -48.4% collisions
Groundings -79.2% -86.4% — 80% o——P -79.7% groundings
Total Outflow ~74.2% -77.4% — 74% e—— 738, overall

2 OUIYSIoIRAVEAYEIC U OWAHOTNCOIISIONS

andpZy/SHemeeUnRaInNgs
200Ut L/ gf alareele gt iloyw fragm collision)

a\nlel 2/8 frong) ejfotinielinle)s




e s e s, erpp, e

1180%

STRAIT D EORGIn b sht oo NS
STRAIT OF JUAN DE FUCA L) L=<

TWO WAY-NO ESCORTS SINGLE H
1 191% of Base Case Total _' |

Factor x Auerage Grld i
CeII Base Oil Outflow g

> 100.00. L

Average Volume of Total Oil Outflow per year of Accidents
invelving Tankers, ATB's and ITB's

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

Qutflow (in m"3)

0 T T T T T T

0% 25% 50% 75% 100% 125% 150%
Percentage of Base Case Route Coverage Area
—— SCENARIO: TWO WAY - NO ESCORTS - SINGLE HULL
—— SCENARIO: ONEWAY - NO ESCORTS - SINGLE HULL
—— SCENARIO: ONEWAY - ESCORTS - SINGLEHULL
BASE SCENARIO: ONE WAY - ESCORTS - DOUBLE HULL

T2 -

Background map is a composite of official
nautical NOAA electronic charts

OIL OUTFLOW GEOGRAPHIC PROFILE SCENARIO 1

WITHOUT THREE RISK INTERVENTIONS IN PLACE 127
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Factor x Average Grld B
CeI_I Base Qil Qutflow

> 199.00,)}_

> 10.00.

3.70

— 2,957
2.51%
220
1.95.
1.75 -
1.59

10,00 -} |

= 144858

1.31
1.20
1.09
1.00
0.81
0.65
0.51
0.39
0.28

Average # of Outflow (in m"3)

Average Volume of Total Oil Outflow per year of
Accidents involving Tankers, ATB's and [TB's

~218 m3
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Percentage of Base Case Route Coverage Area

Drift Grounding

0% 20% 40% 60% 80%

—— Collision ——Powered Grounding

Background map is a composite of official
nautical NOAA electronic charts

OIL OUTFLOW GEOGRAPHIC PROFILE SCENARIO 4

ALL THREE RISK INTERVENTION IN PLACE



—

‘Observations

SNTIESGENarior 1 (without t ENiSK INLENVEentions) 99% of average
pIfeEIe resided in the larger red rectangle of the geographic
orofile; - ' —— -

i
B L

JIENIEE $—1ifiﬂterventions remoyve about 92% of: total average oll
EUBHOYWATOM Scenario 1.

¢ TR

@ifthe iemaining 8% from Scenario 1 in Scenario 4, still 95%
[ESIdes intlarger-red rectangle.

— . —r

= S=ience, the larger red rectangle in Scenario 4 seems to be the
= natural targeted area for further risk reduction after implementation

i

~ of:these three risk interventions.

E—

-

—r

= * However, because two of the three risk interventions specifically
target this area (one-way and escorting) and the third one (double-
hull) also addresses this area (double-hull) it will be progressively
more difficult to further reduce risk within that area.
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ManKSHTo: -

‘:A“Elc__'" for esponsive to
OUIFC tless—data reguest during the enhancement and
]ff]r)fJ\j‘Jff]ler( POUNMNSHHISKESSTIUIation methodoeloay
EIENECOT mendlng us to the Puget Sound Harbor Safety

,Jmmrrr' o
e Puge Sol who served as

B OS] “for bimonthly meetings and provide us access
— ~uz~ a‘ttle Maritime Community.

—

_ as a whole who
iﬁ‘nselflshly 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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T rIANKRA@ B EESSS
SRWIthoUL their help, efficient
EAfEimEly response to our
rgr)en‘- guestions and

| J g reguests we would not
we been able to further
e_nhance and iImprove our
“MTS Risk Simulation

Methodology.
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Data | Expert Judgment | Model
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Simulation

OVERALL A = 92906 RISK REDUCTION FROM SCENARIO 1
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ule filsenionclaclideten s presentatiepaeN My

%C0lleague JayiAlicke@o5Z=201P)!

Tayfur passed away unexpectedly
on April 14, 2012:

1. Professor Industrial and Systems
Engineering at Rutgers University,
the State University of New Jersey.

~ 2. Fabulous Colleague and Mentor to
his students.

3. Director of the Laboratory for
Port Security at Rutgers

4. Author of numerous journal papers
and two books, one on Simulation
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