| THE GEORGE
WASHINGTON
UNIVERSITY

e
-

GWU Personnel: Dr. J. Rene van Dorp
VCU Personnel: Dr. Jason R. W. Merrick

DECEMBER 5, 2013



Table. Focus Vessel (FV) Classification for the 26 VTOSS vessel type
classification used in the GW/VCU MTS simulation model.

: Those vessels that are only considered as Interacting
Vessels (IV) with Focus Vessels (FV) in this study
Bqu Carrlers, Container Vessels, Other Cargo Vessels

Barge, Oil Tankers, Chem-Carrier, ATB

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

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

__: 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-FVY
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VTRA 2010 - TOEE}B#I‘IS“N ’ BN e ' ﬁ@\‘ WASHINGTON, DC

TOTAL 2010 TRAFFIC DENSITY

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

+
100.0% of Case P Total
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EHOMGHISAAIOSSHDatabase routes and input files were
RGONSHIGLEdthat describe vessel movements arrivalSiieoutes:

anais Best avallablerdata
SOUKGE LOIEAESCHIE
IR CHEDASE CASE

BUIFTIFIS NOIFPEREECI!

Vessel Name

ITB BALTIMORE

ITB BALTIMORE

ITB BALTIMORE

ITB BALTIMORE HERRY P U5 0.20 AN X U12500 Proau

ITB BALTIMORE CHERRY PT CALIF 3/26/05 10:41 PM 3001714 Product 48067 DB/SS
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

6
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e The movements of whale watchlng vessels are determlned by the movements
=i 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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2010 NON FV — 75.2% of 2010 Total

41.3% - FISHINGVESSEL
18.1% - FERRY

06.8% - BULKCARGOBARGE
06.0% - UNLADENBARGE

04.0% - YACHT

03.9% - NAVYVESSEL
03.3% - TUGNOTOW
02.8% - FERRYNONLOCAL
02.7% - PASSENGERSHIP
02.2% - WOODCHIPBARGE

02.1% - LOG_BARGE

01.7% - TUGTOWBARGE
01.5% - USCOASTGUARD
01.1% - FISHINGFACTORY
00.8% - RESEARCHSHIP
00.7% - OTHERSPECIFICSERV
00.6% - CONTAINERBARGE
00.2% - SUPPLYOFFSHORE
00.2% - CHEMICALBARGE
00.0% - DERRICKBARGE

-+

100.0% of Case P Total




17.0% of Total Traffic Densnty qir -
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2010 CARGO FV — 17.0% of 2010 Total

54.6% - BULKCARRIER

27.8% - CONTAINERSHIP
08.1% - OTHERSPECIALCARGO
04.9% - VEHICLECARRIER
02.3% - ROROCARGOCONTSHIP
01.1% - ROROCARGOSHIP
00.8% - DECKSHIPCARGO
00.4% - REFRIGERATEDCARGO

+
100.0% of Case P Total




7.8% of Total Traffic Densnty 1 ";: WASHINGTON
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2010 TANK FV — 7.8% of 2010 Total

54.5% - OILBARGE

24.4% - OILTANKER

11.3% - CHEMICALCARRIER
09.8% - ATB

+
100.0% of Case P Total
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Table. Focus Vessel (FV) Classification for the 26 VTOSS vessel type
classification used in the GW/VCU MTS simulation model.

: Those vessels that Interacting'Vessels (IV)"

with Focus Vessels (FV)
CAS| CARGO FV: Bqu Carrlers, Container Vessels, Other Cargo

in VTRA 2010 Base Case
5E TANK — FV : Oil Barge, Oil Tankers, Chemical Carrier, ATB 's

- that travel in VTRA 2010 Base Case
IF — FV : CARGO AND TANK FV’S added to VTRA 2010

3 Base Case to model What-If Scenario

i 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 VESSEL TYPE 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 Draft - 01/23/2014 - 14 of 70
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_ VTRA 2010 Waterway Zones
X 1. Buoy] 9. Harp/Boun.
2. ATBA 10.PS North
3. WSIF 11.PS South
4. ESIF 12.Tacoma
5. Rosario 13. Sar/Skagit
6. Guemes 14.S] Islands
7. Saddlebag 15.Islands Trt
8. Georgia Str.
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MPORTANT. - ;
)PERATIVE WORD IN PRESENTING Tmm;s

USE OF THE WORD""‘-"""

POTENTIAL

ATE THAT THESE ANALYSIS RESULTS DO NOT FOLLOW
FROM AN HISTORICAL DATA ANALYSIS, BUT THROUGH THE USE
. "‘E‘ N ANALYSIS TOOL THAT EVALUATES SUCH POTENTIAL.

= -__I'—

e

‘"FHE 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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EOLLOWING WHAT-IF FOCUS VESSELS

'way Bulk Carriers + Bunkering Barges

_'_= i

_-.4,-..-..“ nder Morgan Tankers + Bunkering Barges
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= 348 Delta Port Bulk Carriers + Bunkering Barges

67 Delta Port Container Ships+ Bunkering Barges
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RISK ASSESSMENT (VTRA) 2010 &N—

P: Base Case 3D Risk Profile

Al FV - Vessel Time Exposure: 100% of Base Case VTE

P: BC@ 100%

23-24

m21-22

719-20

m17-18

m15-16

m13-14

m11-12

®9-10

7-8

"5-6

m3-4

m1-2

VCU

22-23

m20-21

m18-19

m16-17

N 14-15

m12-13

m10-11

m38-9

u6-7

m 4-5

2-3

0-1




P: ALL FV Traffic Density
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65.7% - CARGO Focus Vessel
34.3% - OIL Focus Vessel

00.0% - WHAT-IF Focus Vessel

-+

100.0%0 of 2010 Base Case
ALL FV - VTE
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RISK ASSESSMENT (VTRA) 2010 RN seoron oc

T: GW - KM - DP 3D Risk Profile
All FV - Vessel Time Exposure: 125% of Base Case VTE
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+25% from P: Base Case
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T: ALL FV Traffic Density
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7- KM 348
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~ . - Factor x Average
- P

- »10.00
1000

N 3610 /2 ot -1

. 290

F 2 IR
— 5 et

34. : CASE T — ALL FV TRAFFIC DENSITY

)
| 66.3% - CARGO Focus Vessel
34.0% - TANK Focus Vessel

194
1.74
1.58
1.44
131

1.20
1.09 >
1.00
0.81
0.65
0.52
0.39
0.28

0.13\
0.09

0.00

24.4% - WHAT IF Focus Vessel

+
124.7% of 2010 Base Case
ALL FV - VTE




VESSEL TRAFFIC T - e ceonce
RISK ASSESSMENT (VTRA) 2010 %:NWE&

T: GW - KM - DP 3D Risk Profile

What-If FV - Vessel Time Exp.: 24% of Base Case VTE

What If - FV +24%
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T: WHAT-IF FOCUS VESSEL
Traffic Density

TRA 2010 - GW 487| KM 348
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12.5% - BULK CARGO
01.8% - CONTAINERSHIP
07.3% - TANKER

02.7% - OILBARGE

-+

24.4% of 2010 Base Case
ALL FV - VTE




WATERWAY LOCATION

VESSEL TIME EXPOSURE ANALYSIS — ALL FOCUS VESSELS

% Base Case Vessel Time Exposure (VTE) - ALL_FV
WSJF: +8.1% |r—— 20 0 T )
ESJF: +2.9% 12 Go0:8% 37.7/29.6 ~ 1.27
R R wik
Haro/Boun. : +5.1% 11.7% 16'_7_0{0___ 167/117 ~144
PSSouth : +0.20, |e— doaw T
Georgia Str.: +2.9Y, | — ,;_9_0/; 8%
BUOY) :42.3% S 0% 11.0/87~127
Rosario : +1.1% | 2 A
= Islands Trt : +0.0% “}:_g_gfg __________________________________________________
Saddlebag: +0.8% = 59 1.9/1.2~165
= Guemes:+0.2% = E'goa//j _________________________________________
Tac.South:+0.0% | 93%
Sar/Skagit:0.0% (3%
ATBA:0.0% | 1%
SJIslands : 0.0% 8_{353 ___________________________________________

0% 10% 20% 30% 40% 50%
24.7% + % Base Case Vessel Time Exposure (VTE) - ALL_FV
of 2010 Base Case
ALL FV - VTE mT:GW-KM-DP:124.7% = P:BASECASE:100.0%
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_ VTRA 2010 Waterway Zones
X 1. Buoy] 9. Harp/Boun.
2. ATBA 10.PS North
3. WSIF 11.PS South
4. ESIF 12.Tacoma
5. Rosario 13. Sar/Skagit
6. Guemes 14.S] Islands
7. Saddlebag 15.Islands Trt
8. Georgia Str.
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VESSEL TRAFFIC 7 e ceore
RISK ASSESSMENT (VTRA) 2010 gumvensm{ vcu

P: Base Case 3D Risk Profile

ANl FV - Pot. Coll. Acc. Freq.: 100% of Base Case PCF

WASHINGTON, DC

25-26 [124-25

P: BC@ 100% ©2324  ©22:23

m21-22 m20-21

[119-20 ®18-19

m17-18 ®=16-17

m15-16 m14-15

M13-14 m12-13
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" 5-6 m45
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P: ALL FV POTENTIAL COLL. FREQUENCY (PCF) h = WASHINGTON
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CASE P: POTENTIAL COLL. FREQ. (PCF)

" > 100.00 )
- > 1000

Ny 20.3% - CARGO Focus Vessel
e[ ] 79.7% - TANK Focus Vessel
— 29—+ 00.0% - WHAT-IF Focus Vessel

1.75
1.59

1.44 +

1.31

29| 100.0% of 2010 Base Case

o | ALL FV - PCF
e

0.00




VESSEL TRAFFIC I e ceonce
RISK ASSESSMENT (VTRA) 2010 %UNNERSH’Y VCU

T: GW - KM - DP 3D Risk Profile

ANl FV - Pot. Coll. Acc. Freq.: 121% of Base Case PCF

25-26 [124-25

[123-24 122-23

+21% from P: Base Case

m21-22 m20-21

[119-20 ®18-19

m17-18 ®16-17

m15-16 m14-15

M13-14 m12-13

m11-12 ®m10-11

m9-10 m8-9

7-8 H6-7

15-6 H4-5

H3-4 2-3

m1i-2 0-1




I THE GEORGE
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T: ALL FV POTENTIAL COLL. FREQUENCY (PCF) | 5.( é. UNIVERSITY

UNIVERSITY
B F@;\‘ WASHINGTON, DC

el A‘.LN (=] 0""u._v

f 7y ~1 =
o | ) 3

A- G # ;:lf-Acci“d.e

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

-+

120.6% of 2010 Base Case
ALL FV - PCF




VESSEL TRAFFIC
RISK ASSESSMENT (VTRA) 2010

T: GW - KM - DP 3D Risk Profile

WhatIf FV - Pot. Coll. Acc. Fr.: 18% of Base Case PCF

THE GEORGE

| 4 71 WASHINGTON
W UNIVERSITY

WASHINGTON, DC

25-26 [124-25
123-24 122-23
What If - FV +18%
m21-22 m20-21
[119-20 ®18-19
m17-18 m16-17
m15-16 m14-15
M13-14 m12-13
m11-12 m10-11
m9-10 H 8-9
7-8 H6-7
15-6 m4-5
m3-4 2-3

m1i-2 0-1




T: WHAT-IF FV POTENTIAL | R~ THEGEORGE

_COLLISION FREQUENCY (PCF) By i
7- KM 348 e | :

B - : AT L e ey a
B : _ . | T: 88.4% OF 18.4% PCF
" > 100.00 " *‘f-_.-__.; BY INTERACTING

- > 10.00

1000 1} 03.6% - BULK CARGO VESSEL TYPE

S 360F A e
~ze || 00.7% - CONTAINERSHIP
s ] G5 Tor - TANKER 8.8% - FISHINGVESSEL

- 2 19-- s -2
195 10.9% - OILBARGE 1.9% - BULKCARRIER
i 1.6% - FERRY
1.44 + 1.1% - OILTANKER

1.31

1 0.8% - BULKCARGOBARGE
=3 18.49% of 2010 Base Case 0.5% - FERRYNONLOCAL

1.00

- _ 0.5% - UNLADENBARGE
0ot WHAT-IF FV - PCF 1 0.4% - CONTAINERSHIP

i 1 0.3% - NAVYVESSEL
0.13\ 0.3% - OILBARGE

0.09
0.00




WATERWAY LOCATION

Potential Collision Freq. Comparison — ALL FV

% Base Case Collision Frequency - ALL_FV
Guemes : +5.9% 27.3% 33.2%
hands T 0% e T80 306173 101
PS South : +0.6% TR

PSNOTth : +1.5% @ - 120%
Haro/Boun.  $3.00, | E—— 8_;;/(: — _1_2_'5_0_/0_- 12-5/8-6 ~ 1-46 ___________________________
Rosario : +1.80, | — i;.'l;/(?fg'% ___________________________________
Tac. South ; 0.0, |[=— f‘;:_?_gé’) _________________________________________________________________
WSIF: +2.5% | oy, ©*% 6.4/38~167
= ESJF: +0.8% | .8
-' Georgia Str.: +0.8% | smmm—m 2. .gz_)/((’)_o/_“ ________________________________________________

—= Saddlebag: +1.5% 2_502;'0% 4.0/2.5~ 1.62
g Buoy] :+05% |=%i 19/12~163
Sjislands: 0.0% {93
Sar/Skagit:0.0% |99

ATBA:0.0% | 3%
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: BASE CASE:100.0%
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_ VTRA 2010 Waterway Zones
X 1. Buoy] 9. Harp/Boun.
2. ATBA 10.PS North
3. WSIF 11.PS South
4. ESIF 12.Tacoma
5. Rosario 13. Sar/Skagit
6. Guemes 14.S] Islands
7. Saddlebag 15.Islands Trt
8. Georgia Str.
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VESSEL TRAFFIC
RISK ASSESSMENT (VTRA) 2010

P: Base Case 3D Risk Profile
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All FV - Pot. Collision Oil Loss: 100% of Base Case PCO

P: BC@ 100%
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P: ALL FV POTENTIAL
COLLISION OIL (FUEL + CARGO) LOSS (PCO)

I THE GEORGE

] = WASHINGTON
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. 3 F@;\‘ WASHINGTON, DC

P: POTENTIAL COLL. OIL LOSS (PCO)

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% of 2010 Base Case

ALL FV - PCO




VESSEL TRAFFIC

! T: GW - KM - DP 3D Risk Profile
| All FV - Pot. Collision Oil Loss: 189% of Base Case PC

+89% from P: Base Case

~_», THEGEORGE
WASHINGTON
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RISK ASSESSMENT (VTRA) 2010 SR

o
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T: ALL FV POTENTIAL

COLLISION OIL (FUEL + CARGO) LOSS (PCO)

TRA 2010 - G 487- KM 348

1, P | THE GEORGE
' -~ WASHINGTON
UNIVERSITY

5 F‘é\‘ WASHINGTON, DC

g FaCtDI' X Ave
IIIiI Outflo

' > 100.00 °
- > 10.00
_ 10.00

- 370
.295
251,

T: POTENTIAL COLL. OIL LOSS (PCO)

04.9% - BULK CARGO
05.6% - CONTAINERSHIP

u 02.4% - OTHER CARGO

= 220_..._._.;

= 1.95
1.76
1.59
1.44
131
1.20
1.09
1.00
0.81
0.65
0.51

18.1% - OIL BARGE

83.6% - TANKER

09.2% - CHEMICAL CARRIER
03.2% - ATB

62.0% - WHAT-IF FV

+
188.8% of 2010 Base Case
ALL FV - PCO
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VESSEL TRAFFIC
RISK ASSESSMENT (VTRA) 2010

T: GW - KM - DP 3D Risk Profile
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WASHINGTON, DC
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What If FV - Pot. Coll. Oil Loss: 62% of Base Case PCO

+62% from P: Base Case
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T: WHAT-IF FV POTENTIAL é"l WASHINGTON
e C i }’{,"

COLLISION OIL (FUEL+CARGO) LoSS (PCO)

UNIVERSITY
—\\ WASHINGTON, DC

o T ) | T: 91.9% oF 62.0% PcO
~z 10000 ) BY INTERACTING

Cwo0 ) 15,2% - BULKCARRIER VESSEL TYPE

- 3.70° 2

295 -_'- a 1 00.7% - CONTAINERSHIP
251, | 1 41.3% - OIL TANKER 19.7% - OILTANKER

= 04.8% - OIL BARGE 18.3% - BULKCARRIER
oo 06.5% - FERRY
+ | 03.7% - CONTAINERSHIP

1.31

1.20 (0] d 03.5% - FISHINGVESSEL
29 62.0% of 2010 Base Case 0129 - PASSENGERGHIP

bt ALL FV - PCO 01.1% - NAVYVESSEL

0.65

0.51 41 01.0% - OILBARGE
029 | 00.9% - BULKCARGOBARGE
'3-13\ 00.9% - FERRYNONLOCAL




WATERWAY LOCATION

Potential Collision Oi1l Loss Comparison — ALL FV

0% Base Case Collision Oil Loss - ALL_FV
Guemes :+18.3% 30.8% 49.1%
ROSATIO : +2.500 | — ;(_,__8%2'_3_% ____________________ 49.1/30.8 ~ 1.57
ESJF: +7.6% _""""_;,__(;0;0"_""1_576_"70 ____________________________________________________
PSNoTth : +1.2% e 000"
WSJF: +12.8% 0.7 0% 195% 19.5/6.7~292
Saddlebag: 2.4% | oo,
PSSouth : +0.80, |Ee— A%
Haro/Boun. : +35.4% “""“5?(:0;0 __________________________________________ 409%
= Islands Trt : +0.7% “";%—Z/z/;’ ________________________________________________ 40.9/5.6 ~ /.36
Georgia Str.: +5.7% _"2___1:,/;““77507""- 78/21~368
= Buoy]: +6.5% | _1__5;;/0 _____ 83%
. Tacsouh:oo0% L84y 83/18~450
SJIslands : +0.0% 8;_3_85_3 ____________________________________
ATBA:0.0% |$9%
sar/skagit:0.0% |99%
0% 10% 20% 30% 40% 50% 60%
89.1% + % of Base Case Annual Collision Oil Loss - ALL_FV
of 2010 Base Case
ALL FV - PCO ET:GW-KM-DP:189.1% = P: BASE CASE:100.0%
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RIEVIous Work,.

2 Prince Williz
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— Stz of r e Exxon Valdez
_)JJSJ:)""‘ .

- O.)J-—‘(* e—reduce oil spill risk

= lViodel ‘used system simulation,

& data analysis and expert

= ﬁf:lgment

=== Capable of modeling systemic
= —effects of proposed

~ Interventions

— Multi-million dollar investments
made to reduce risk of further
oil spills

e —
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e
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—
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rgest ferry system in the
UL ed States

*'*'-F = Gimulation/expert judgment
— = model improved based on NRC
— review of PWS study

— |egislature approved funding
of Safety Management System,
training and emergency
preparedness exercises

VaniDorpy JiRIERIVV AV ErrcKy JiH arraldpisMazzuchis M Grabowskis 200 15FATRISK
VanagementProcedurefor theWashington State EEMIEs: KI5k ARGl ys/5:24(0) 2y ~142; 45
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amining the effects of;
IdjOr EXpansion of ferry.
SERVICES

senvironmental impact
= reguirement

i —_

=~ — Simulation model tested
=;“:E-:' ~the impact of proposed
~ -~ expansion on vessel

— ~ Interactions

Legislature considering
Implementing proposed
expansions

Date: 7 -7 - 200

1 Period: 2000
Date : 7 - 10- 02

ALTERNATIVE 1

Verricks IRRIWIERIVARDorp; S PrBlackiond, Gl Shaw, JiHanrald, ipAs Mazzuchis
2008 raffic Density AnalysisioiProposed Eery SenVice EXpansioniniSan EranciscorBay,
UsingrarMantmerSimulation ModelSRe/Eabl/y Englaeerng and SysteniiSarely . 81(2) 119-132.%&4 46

1/23/2014 - 46 of 70



|

Satellite
S
.
. North-Wing Pier
:I: at Cherry Point
= -
- 3
= 4
Py
N
"
‘1.“-_: ‘:.1. .
N .
D S0 it ”
100 m I ) @EDD@ Gu_:u:ugle - Imag_qera.f @EDII_IE: Dig'rtalGIu:uhe_, |"."|E!|::I data ©2006 I‘-J.ﬂ-.“-.-“T_EGTM - Terms of Use ) _ _ E

47

Draft-01/23/2014 - 47 of 70



ARLOIRSPIllLS a series. of cascading..
efierred to as,a Causal@HicliiEss

)

Maritime Incident Expert QOil Outflow
Data Judgment Model

R — {< Si,li,xi >}c ggtfnplete

Scenario i Likelihood i Consequence i

Use Kaplan’s (1997) definition of system risk in:
“The Words of Risk Analysis”, Risk Analysis 17 (4), 407-417
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T

Maritime Incident Oil Outflow
Simulation Data Judgment Model
:-;___-_-__ R il \
|

1 RISK
IEOU'?'e H“"t | MANAGEMENT
SQUIEHISIEY/! QUESTIONS

Kaplan’s (1997) .
Risk Definition. A= {< Ay 911‘ o X >}C
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stepmiieModel Maritime TraffiGus
Simulation (MITS) Y odel™ s

Maritime System
Traffic Simulation

Required close cooperation with the USCG VTS and Puget Sound
Harbor Safety Committee for data + validation 50
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EAST STRAIT OF JUAN DE FUCA

WEST STRAIT OF JUAN DE FUCA

BUOY J ENTRANCE

- +| ~ 54 Days via CP | ~39 Days via CP | ~35 Days via CP
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CHERRY POINT
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Bad Visi
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) 2008 i

STRAIT DAI:I(}BEOFIGIA
STRAIT OF JUAN DE FUCA

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
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pEEled.Harmonic Curve bheWeETmms
ES1dCK, Flood, D) Slack; Flood, etc.

Current Speed (Knts)

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

Time



ARLOIRSPIllLS a series. of cascading..
efierred to as,a Causal@HicliiEss

)

Maritime Incident Expert QOil Outflow
Data Judgment Model

R — {< Si,li,xi >}c ggtfnplete

Scenario i Likelihood i Consequence i

Use Kaplan’s (1997) definition of system risk in:
“The Words of Risk Analysis”, Risk Analysis 17 (4), 407-417
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SieRll: GENErate ACCident SCERENOS
- - i
I51g e MaritimesSystem Simulation Model

Traffic [
Data h
Maritime System
Weather Weathet Traffic Simulation
—_—

Required close cooperation with the USCG VTS and Puget Sound
Harbor Safety Committee for data + validation 55
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MEIADUrINgslnteraction

WSF = 2.5 minutes
SF Bay = 1 minute
VTRA Study = 1 minute
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VIIRASSHUEY,
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Exposure History per Hour type INTERACTION - record

100.00 lex number 1 s longink ;
| I L . E——— lex_number 2 :longint ;
T Yy lexTpumber’s  .longint;
. lex_number 4 ; longink ;
"""""""""""""""" | | e lex number 5 :longink ;
BO.00 [ 111 11] | N lex number & :longink ;
N | | _____ e L lex_number 7 : longink ;
| """ | || """"""" ” ] {Index I - VOI Location Info}

Interaction Type :longink; 400000000}
w1 slongink; { 26£000000)
VOI_X ;Longinkt; § 500000}
o1 Y {"":.1 :Longint; { 508

0 24 45 72 a5 {I.EIIE'X 2 - Vor M-EI'JIIEEE'E} )

VvOI_Location :Longint ; fR00000000 )

Hehwis Hours Passed Y- Awxis: %% of Maximum Historical Exposure VOI_Inbound Outbound:Longint, { 200000001
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- voI_DF ;longinkt; f 12508}

oces LT el v M Dasecie anga IV _Carga sLongink; f 20}

:P;‘Gﬂlﬂ,;:"m.ﬁ?l »Ff,j /3 -, IV_Barge TYp= :Longint; f 5}
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"
e YOI Carge Langinkt; (20000050}

; o !, i
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= IV D sLongink; | 1z5}
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ceident Attriblites Mielel<]

r

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
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Orr A} za jons Participatinglinse
XETt Juddﬁ‘!rent Elicitations

HJJJI‘:.O 0 PIIOLS
. ATC ¢
. US ,Jr d Canad|an Tug Companies operating in the
\f I RA study area:
= __ -Based Foss, Crowley, Olympic Tug and
e Barge (US), K-Sea, Sea Coast, Sause
— Bros.
2 Canadian Based: Seaspan, Island Tug and Barge
® 4, The Washington State Ferries
® 5, Seattle sector US Coast guard VTS.
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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 ScZ

s ANtotal OO G UESHORNEBINES
J 38 axoertg gvar 7 s2ozrata aljcitetior)

SESSIONS AISPENSEM OVERa N ERIDE D)
o CombINEd NUMBPErSIBIRYEars salling
adoarianee axeaads 922 errs

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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m) ALIC c C C

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? :

9876543212345©617282)9

: More?

Situation 1 is worse
C DIE O PDOLE

Situation 2 is worse



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

WATERWAY 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
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E —

gGIVEnNne status ofiprevious efforts
LEIESIE]ISHENTIEINOURIOFYAIG
COMIPANGENNE environmental
PEneNmAnce of alternative tanker
lziejsis), thig
that the dey
approach
_ “r £ ommlttee ran a total of
_-- ~80 eo ‘accident scenarios:
-~r‘*=-‘=I'GOOO ‘collision and 10,000
= grounding events for each of two
— deéigns (single-hull and double-
hull) of the two different sizes
(150,000 and 40,000 DWT).”

Quoted from: NRC Special Report 259

—

AL RESEACH COUNCIL SPECIAqIf_EfE@RT%?-Q—_

SPECIAL REPORT 259

ENVIRONMENTAL

PERFORMANCE of -
TANKER DESIGNS in

COLLISION and GROUNDING

— Method for Comparison——

MARINE BOARD
TRANSPORTATION RESEARCH BOARD
THE NATIONAL ACADEMIES
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Step 1

Damage  struck ship | | collision | | striking ship :
calculation ' -velocity ' location ! ! -velocity
 -displacement — -angle H -displacement |
: -hull type ' -bow angle !

e e == ——— = === ——— e = e = = = =

A Perpendicular
Kinetic Energy

&==Tangential
mNinetic Energy
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41.6m 41.&m 41.&m 416 m 416 m

Corgo Vo5& = 2,42 m Congo YO = 378m

. g - bl WL /I:el-:-ww'l

L —

—
— i—

R

~ Taken From
NRC 259
Report

| All ballazt farks ore \ forte Heat DB hull ks

o type CE height = 3.34 m 3 greater drofi
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SPECIdI™anks T%.{ -
2USC tor St for beingrresponsive to

OUIIFCEE untless data request durlng the enhancement and
IIPTOVEMENOIFOUAVINISHISKASImUIatior methodology™
Znurecommending us to the Puget Sound Harbor Safety

_C JJ’J’]J’IU ee

> Pug :;;- who served as
el st for bimonthly meetings and provide us access
_— f.::e attle Maritime Community.

_-:_-_-’:__“-;:-- | as a whole who

- unselfishly 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

their Maritime Domain.
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ralze’ ed questions and
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;{fg 1ave been able to further
= enhance and improve our

; “MTS Risk Simulation
Methodology.
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