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VTRA 2015 Waterway Zones
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US - 230
VTRA 2015
TOTAL WHATIF - US PROJECTS (without Bunkering) 230
TOTAL BUNKERING SUPPORT - US PROJECTS 49
TOTAL WHAT-IF FOCUS VESSELS 279
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015

VTRA 2015 - What If FV

Scheduled Random Arrival Pattern Model
(See Example Graph below)
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VTRA 2010 Equidistant Fixed Arrival Pattern (one every 4 days)
VTRA 2015 Random Arrival Pattern ( 3 Random Times in 12 days)
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By Waterway Zone

Risk Comparison

Oil Spill Size Category:

ALL SPILL SIZES
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VTRA ‘15 Case:
BASE CASE

GEOGRAPHIC PROFILE
OF POTENTIAL ANNUAL
OIL LOSS OF ACCIDENTS
IN SPILL SIZE CATEGORY
ALL SPILL SIZES
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VTRA ‘15 Case:
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OF POTENTIAL ANNUAL
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VTRA '15: Base Case 3D Risk Profile All FV -
Pot.C+G+A.Oil Loss: 100% of Base Case POL
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VTRA '15: US-230 3D Risk Profile All FV -
Pot.C+G+A.Oil Loss: 1329% of Base Case POL
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é- GNIveRsITY

A\ WASHINGTON, DC

% Base Case Pot. Oil (C + G + A) Loss - ALL_FV

Guemes: +17.2% M — 3 _?’_'?’_of" ________________________________
Haro/Boun.: +0.0% | X 1.00 — ﬂj_%gfg ______________________________________________________
PS South : +0.0% | x 1.00 |mms T A
Rosario: +4.3% | x1.39 — _1_1;0_040_1_5:3_0{0 _____________________________________________________
Saddlebag: +6.4% || X 1.59 | m— 10.8% _1_7_'%0{0 ___________________________________________________
PS North: +0.4% | x 1.04 | 106 ]
ESJF: +1.1% | X 113 | 800

Sthrn. GIf. Isl. : -0.2% | x 0.97 e1%
WSJF: +0.7% | X 1.15 |mm— SAr v TN
Georgia Str.: +1.5% | x 1.38 | ;_:)%'/:}6/"_ _________________________________________________________________

Buoy J : +0.3% | x 1.44 |F 0%

Tac. South: 0.0% | x0.98 [ 6%

SJ Islands : -0.1% | x0.91 [ J2%

Sar/Skagit : +0.0% | x1.07 | 322

ATBA:+0.0% | x1.18 | ]2

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%
% Base Case Pot. Oil (C+G+A) Loss (OL) - ALL_FV

m VTRA '15: US-230: 132% (+31.7% | x1.32)  mVTRA '15: Base Case : 100%
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YA WASHINGTON, DC

% Base Case Pot. Accident (C+G+A) Frequency - ALL_FV

PS South: +1.3% | x1.03 e —— 11 05
Sthrn. GIf. IsL : +0.1% | X 101 |—— B
Guemes : +2.1% |[ X 1.20 | — e
Haro/Boun.: +0.1% | X 1.01 | ;_ ';3_)(%)_ ____________________________________________________________
PSNorth: +0.1% | X 1.01 | 7300
WSJF:0.0% | X1.00 [ 3700
Georgia Str.: 0.0% | x0.99 s deoe
ESJF : +0.0% | x 1.01 gw ____________________________________________________________________
Tac.South: +0.0%| x1.00 fmmm 237
Rosario : +0.1% | : : :11:;;_*(%’ _______________________________________________________________________
SJIslands:0.0%| x0.99 & 1%
Saddlebag : +0.1% __&_'8;/(‘)_’ _______________________________________________________________________
BuoyJ:+0.0% | xt08 g 94
Sar/Skagit : +0.0% | x 1.06 3%"//0 _________________________________________________________________________
ATBA:+0.0% | x1.00 | 0:0% ' ' '
0% 10% 20% 30% 40% 50%

% Base Case Pot. Accident Freq. (AF) - ALL_FV

®VTRA '15: US-230: 104% ( +3.9% | x1.04) = VTRA '15: Base Case : 100%

7/29/2016
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By Waterway Zone
Risk Comparison

Oil Spill Size Category:
2500 m3 or more
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-'\‘N WASHINGTON, DC

VTRA ‘15:

BASE CASE
GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE

2,500 m3 or more

~ 0.50% Probability
of Spill Occurrence
in 10 years

Average of ~ 6, 798 m3
Per Potential Spill
(= 5,846 Metric. Tons)
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 | $= Guiversiry

2 ‘“\:\‘ WASHINGTON, DC
— -

VTRA ‘15 Case:
US - 230
GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE

2,500 m3 or more

~ 0.80% Probability
of Spill Occurrence
in 10 years

Average of = 7 289 m3
Per Potential Spill
(= 6,269 Metric Tons)
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é- GNIveRsITY

A\ WASHINGTON, DC

Prob. Estimate At Least One Accident in 10 Years -
ALL_FV - 0il Spill Size Category: 2500 cubic meters or more

Guemes : +0.17% | 0.1064% 0.276%
Rosario: +0.04% | x 1.35 | 0.14489
Saddlebag: +0.06% |[X 1.74 | — S— OTAzOY
ESJF: +0.01% | x 112 [ 0.0570%
Haro/Boun. : 0.00% | x 0.90 |m— 00z88% T
PSSouth: +0.00% | x 1.02 [mmmmmm= 0.0315%
PSNorth: +0.00% | X 1.12 |— 003450,
WSJF : +0.01% | X 1.37 | = 003050
Georgia Str. : +0.02% | X 1.59 |mmm— = 041305 T

Buoy J : +0.00% || x 1.76 |5 ,%99857%

Sthrn. GIf. I1s.: 0.00% | x0.79 [ $9933%

Tac. South : +0.00% | x1.05 | J-039%

ATBA:+0.00% | x1.13 | 3:9997%

SJ Islands : 0.00% | x0.97 [ 9:9932%

Sar/Skagit: +0.00% | x 1.30 3:888‘;3//‘;

0.00% 0.05% 0.10% 0.15% 0.20% 0.25% 0.30%
Prob. Estimate At Least One Accidentin 10 Years

®VTRA '15:US-230:0.80% (+0.30% | x1.60) =mVTRA '15: Base Case : 0.50%
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- H‘:’\* WASHINGTON, DC

Potential Spill Size (m3) per Accident -
ALL_FV - Oil Spill Size Category: 2500 cubic meters or more
Guemes: -197.4 | X 0.98 | ———— ?’gg_]g_s ___________________
ROSATIO : +624.4 | X 1.0 e —— B J§12_7_r‘f?:6_ _______________________
Saddlebag : +250.3 | X 1.03 e —— 7_’_1716411_1 ________________________
ST : +920.3 | X 1,15 e —— 5240 _7_'}f>‘_’ _________________________
Haro/Boun. : +240.7 | X 1.05 e 438%2_9 ________________________________________
PS South: +35.2 | x 1.01 5»35961 ________________________________
PS North : +157.6 | x 1.03 4%%22 ______________________________________
WS F : -86.6 | X 0.9 e 6 éf{zi‘_l ____________________________
Georgia Str. : +26 1.5 | X 1.04 o — 6,969‘;5_5_ __________________________
BUOY J 1 -181.6 | X 0.97 e — 556%273 _________________________________
Sthrn. GIf. IIs.: +111.5 | x 1.02 44677%8 ________________________________________
Tac. South : -+1179.8 | X 0,82 [ — 55356715 ____________________________
AT BA : +1117.7 | X 1,12 e —————————— 5 J(_,@@___l_"_-l_*fi‘_ _____
SJ Islands : -395.1 | x 0.96 913}556 __________
Sar/Skagit : +177.2 | x 1.03 5 2865
0 2,000 4,000 6,000 8,000 10,000 12,000
Potential Spill Size (m3) per Accident
®VTRA '15: US-230: 7290 m3 ( +492.1 | x1.07) ® VTRA '15: Base Case : 6798 m3
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By Waterway Zone

Risk Comparison

Oil Spill Size Category:
1000 m3- 2500 m3
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-'\‘N WASHINGTON, DC

VTRA ‘15:
BASE CASE

GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE BETWEEN
1,000 m3 - 2,500 m3

~ 0.61% Probability
of Spill Occurrence
in 10 years

Average of = 1 619 m3
Per Potential Spill
(=~ 1,392 Metric Tons) {
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-'\‘N WASHINGTON, DC

Base Case ot
'-__Annual Potent

" VTRA ‘15 Case:

US - 230
GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE BETWEEN
1,000 m3 - 2,500 m3

~ 0.66% Probability
of Spill Occurrence
in 10 years

Average of & 1 608 m3
Per Potential Spill |
(= 1,383 Metric Tons) d
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é- GNIveRsITY

2\ WASHINGTON, DC

Prob. Estimate At Least One Accident in 10 Years -
ALL_FV - QOil Spill Size Category: 1000 - 2500 m3

Guemes : +0.02% || x1.17 e 0.1672%

Rosario : +0.00% | x 1.07 0.840856202)%

Saddlebag: +0.03% || x 1.22 000 0.1583%

ESJF: 0.00% | x 0.92 o189

Haro/Boun.: 0.00% | x 1.00 8:82;8%

PS South : +0.00% | x 1.02 005l

PS North : +0.00% | x 1.04 0. D0ea5. 0

WSJF : +0.00% | x 1.03 zs

Georgia Str.: +0.00% | x1.16 0.0%%%/3%

BuoyJ : +0.00% || x 1.19 | 0:9046%

Shtrn. GIf. Isl.: -0.01% | x 0.62 180,

Tac. South: +0.00% | x1.01 8:88%%32

ATBA:0.00% | x0.84 | 3-0993%

SJ Islands : 0.00% | x 0.49 [, 00912%,

Sar/Skagit : +0.00% | x 1.05 | J:9903%

0.00% 0.02% 0.04% 0.06% 0.08% 0.10% 0.12% 0.14% 0.16% 0.18%
Prob. Estimate At Least One Accidentin 10 Years

® VTRA '15: US-230: 0.66% ( +0.05% | x 1.09) = VTRA '15: Base Case : 0.61%

7/29/2016 © GW-VCU : DRAFT 21
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- WASHINGTON
UNIVERSITY

- F"\‘:’\‘ WASHINGTON, DC

Potential Spill Size (m3) per Accident - ALL_FV - Qil Spill Size
Category: 1000 - 2500 m3

Guemes:-34.0 | x0.98
Rosario:-6.3 | x1.00
Saddlebag:-64.1| x0.96
ESJF:+1.8 | x1.00
Haro/Boun.:-4.6 | x1.00
PS South:+13.0 | x1.01
PS North: +5.6 | x1.00
WSJF:-2.7 | x1.00
Georgia Str.: +33.0 | x1.02
Buoy]:+1.5| x1.00

Shtrn. GIf. Isl.: -101.7 | x 0.94
Tac. South: -+0.8 | x 1.00
ATBA:+51.6 | x1.03

SJ Islands : +331.8 | x1.26
Sar/Skagit:-76.6 | x 0.94

500

1,000

Potential Spill Size (m3) per Accident

1,681
1,715 |
1,711
1,717 ____|
,729
1,793 |
1,464
1,462
1,438
1,443
1,477
1464______________|
1,403
1,398
1,600
1,603 ________|
1,632
1,599
1,642
641 |
1,524
1,625
5
246 ]
1,614
,562 __________]
1,626
1294 ___ o ]
1,312
1,389 .
1,500 2,000

mVTRA'15: US-230:1608 m3 (-10.6 | x0.99) mVTRA '15: Base Case: 1619 m3

7/29/2016
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é;\ Sﬁfc'e”n??\'?

By Waterway Zone
Risk Comparison

Oil Spill Size Category:
1 m3-1000 m?3
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N\ fh'\h\ —

........

asa e magtuas ;_‘__. it 2 20

~ 195
1.75
1.59
1.44
131
1.20
1.09
1.00
0.81
0.65
0.51
0.39
0.28
0.18
0.09

eriasracvialtiiu]

.

VTRA ‘15:
BASE CASE

GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE

BETWEEN 1 m3-

1000 m3

~ 54.2% Probability @
of Spill Occurrence Eg%e
ars

Average of ~ 47 m3
Per Potential Spill
(=~ 295 Barrels)
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-'\5\‘ WASHINGTON, DC

VTRA ‘15 Case:

US - 230
GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN 1 m3- 1000 m3

~ 54.3% Probability Za3
of Spill Occurrence =
ars

Average of ~ 47 m3
Per Potential Spill
(~ 297 Barrels)
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é- GNIveRsITY

A\ WASHINGTON, DC

Prob. Estimate At Least One Accident in 10 Years -
ALL_FV - Oil Spill Size Category: 1 - 1000 m3

Guemes : +0.4% || x 1.12 | o
Rosario: +0.0% | x 1.04 295
Saddlebag:0.0% | x0.99 [= 0¢%
ESJF: +0.0% | X 1.01 |mm— 300
Haro/Boun.: +0.1% | x 1.01 _""_""_""""g?gﬁ‘,% _____________________________________________________
PSSout 0104 1100 e
PS North: +0.1% | x 1.01 280
WSJF : -0.1% | X 0.97 | - L%
GeorgiaStr.:-0.3% | x0.90 fmmmmm 23%
Buoy ] : +0.0% || x 1.05 _3_;35’55 ______________________________________________________________________
Shtrn. GIf. IsL : +0.0% | X 1.00 | —— La%™ =
Tac.South: +0.0% | x 1.02 e 24%
ATBA:+0.0% | x1.00 | 99%
SjIslands:0.0%| x1.00 f 04%»
Sar/Skagit: +0.0% |[x1.05 | 0%
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%
Prob. Estimate At Least One Accident in 10 Years
®VTRA '15: US-230:54.2% (+0.1% | x1.00) = VTRA'15: Base Case: 54.1%
7/29/2016 © GW-VCU : DRAFT 26
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 | $&  cniversirv

- H‘;\* WASHINGTON, DC

Potential Spill Size (m3) per Accident -
ALL_FV - Oil Spill Size Category: 1 - 1000 m3

Guemes:-0.8 | x0.98 4423

Rosario:-11.1| x 0.86 70 a2

Saddlebag: +14.8 | x1.16 o 110

ESJF:+0.8 | x1.01 110034

Haro/Boun. : +0.1 | x 1.00 102

PS South:-0.1| x1.00 {3

PS North:-0.2 | x1.00 %(())Z3

WSJF:+5.1| x1.05 00 105

Georgia Str.: +3.6 | x1.10 10

Buoy]:+0.1| x1.00 80

Shtrn. GIf. Isl.: -0.2 | x 1.00 %g

Tac. South: -+0.4 | x 0.98 1177

ATBA: +0.1| x 1.00 &3

S] Islands : +1.1 | x 1.04 4

Sar/Skagit : -2.2 | x 0.97 °%s

0 20 40 60 80 100 120
Potential Spill Size (m3) per Accident

®VTRA '15: US-230:47 m3 (+0.3 | x1.01) ® VTRA '15: Base Case : 47 m3

7/29/2016 © GW-VCU : DRAFT 27
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By Waterway Zone
Risk Comparison

Oil Spill Size Category:
0 m3-1m?3
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WASHINGTON
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\ WASHINGTON, DC

vErRA 2015 BASE _c 'SE ALL FV

P ~ Annual Potent

- i ?"7{ s ._J’

T 1
- T }L... = N -

VTRA ‘15:
BASE CASE

OF ANNUAL

OF ACCIDENTS
WITH SPILL SIZE
BETWEEN 0 m3-

GEOGRAPHIC PROFILE

POTENTIAL OIL LOSS

1 m3

~ 100% Probability
of Spill Occurrence
in 10 years

Average of ~ 0.01 m3
Per Potential Spill
(= 2.3 gallons)
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é; GNIveRsITY

Y \ WASHINGTON, DC

-230 - ALL Fv_

: Q% of \rrléA 20435 Base Cas

t__Annua'l;'nPoLtent

D\

- i ?"7{ s ._J’

T 1
- T }L... = N -

VTRA ‘15 Case:
US - 230
GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN O m3-1m3

~ 100% Probability
of Spill Occurrence
in 10 years

Average of = 0.01 m? L§[E

Per Potential Spill
(=~ 2.4 gallons)
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-'\5\‘ WASHINGTON, DC

VTRA ‘15 Case:
BASE CASE
GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN O m3-1m3

~ 100% Probability
of Spill Occurrence
ars

Average of ~ 0.01 m3
Per Potential Spill
(=~ 2.3 gallons)
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-'\5\‘ WASHINGTON, DC

- FRA—ZQJ_ES Bas
" Potentlal Annu

Case T -t

VTRA ‘15 Case:
US - 230
GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN O m3-1m3

~ 100% Probability
of Spill Occurrence
ars

B Average of ~0.01 m? {

Per Potential Spill
(= 2.4 gallons)
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- H‘:’\* WASHINGTON, DC

Prob. Estimate At Least One Accident in 10 Years -
ALL_FV - Oil Spill Size Category: 0 - 264 Gallons
GUEMES 1 +0.7 Y0 | X 101 s g |
Rosario : +3.6% | ____________________________43,9%6_0/_" __________________________________________
Saddlebag: +2.1% || X 1.06 | —— 35,0
ESJF:+0.5% | x 1.01 73
Haro/Boun.: +0.1% | x 1.00 _____________________________________________________________3_353’5; __________
PS South : +0.0% | X 100 e —— 1000 |
PS North : +0.1% | x 1.00 3858
WSIF :-0.1% | X 1.00 8%
Georgia Str.: -0.4% | x1.00 77%(:’//%
Buoy J : +1.2% | x 1.07 | 164
Sthrn. GIf. IsL. : +0.0% | x 1.00 10092
Tac. South: +0.1% | x 1.00 g%‘(;//g
ATBA:+0.0% | x1.00 [ 12
SJIslands : -0.4% | X 0.99 I ——— You,
Sar/Skagit : +0.4% | x 1.05 Top
0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 120.0%
Prob. Estimate At Least One Accident in 10 Years
® VTRA '15: US-230: 100.0% (+0.0% | x 1.00) = VTRA '15: Base Case : 100.0%

7/29/2016 © GW-VCU : DRAFT 33
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VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015 é- GNIveRsITY

A\ WASHINGTON, DC

Potential Spill Size (Gallons) per Accident -
ALL_FV - Oil Spill Size Category: 0 - 264 Gallons

Guemes:-1.7 | x 0.83 8.7 10.4

Rosario: +1.0 | x 1.05 - 241

Saddlebag:-0.1| x 0.98 5578

ESJF:-0.1| x0.97 240

Haro/Boun.: +0.6 | x1.15 i

PS South:+0.0 | x1.02 § 93

PS North: +0.1 | x 1.08 12

WSJF:0.0| x0.95 [= 92

Georgia Str.: +0.2 | x1.12 11_46

Buoy]J:-0.1| x0.97 18

Sthrn. GIf. Isl. : +0.8 | x 2.19 T

Tac. South: +0.0 | x 1.00 R

ATBA:0.0| x0.47 | 99

SJIslands : -3.6 | X 0.09 [agl3 3.9

Sar/Skagit: +2.5 | x4.42 0.7 3:2

0.0 5.0 10.0 5.0 200 25.0 30.0
Potential Spill Size (Gallons) per Accident

® VTRA '15: US-230: 2.4 gallons (+0.1 | x1.04) ®m VTRA '15: Base Case : 2.3 gallons
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Summary Risk Comparison

OIL_2500_MORE OIL_1000_2500 OIL_1_1000 oIL 0.1 TOTAL_OIL
Base case % Porentil 42.0% 12.3% 45.3% 0.5% 100.0%

‘I.;-I" B C % Potenial
< A A F‘;‘;’L‘:ncy 0.01% 0.01% 1.8% 98.2% 100.0%
2 Average potentlg:‘sn;:llss;lze per accident 6,798 1,619 46.9 0.01 1.8
[aa]
a P’°babii':‘;3fe::Lia:;‘l’l';‘;:“ide"t 0.05% 0.06% 7.5% 98.7% 98.8%
< o )
e P“’babi'r':‘lyo°yfeaatr'f);fp‘i’””;fe“'de"t 0.50% 0.61% 54.2% 100.0% 100.0%
>

P“’ba?:l";é‘;ZZ:JEi;;Zj:”dent 1.24% 1.52% 85.8% 100.0% 100.0%

OIL_2500_MORE OIL_1000_2500 OIL_1_1000 oIL_0_1 TOTAL_OIL
Base Case % Potential 72.3% (+30.28%| x1.72) 13.2% (+0.95%| x1.08)  45.6% (+0.37%| x1.01)  0.5% (+0.04%| x1.08) | 131.6% (+31.6%| x1.32)
Annual Oil Loss
2 Anfj:fAC:cfje‘ftP;:”ui:Lcy 0.02% (+0.01%]| x1.61)  0.01% (+0.00%| x1.08)  1.8% (+0.00%| x1.00)  102.1%(+3.9%| x1.04) | 103.9% (+3.9%| x1.04)
(o]
1 . . . . v L4

g |fereee '°°te"t'gr'fn’:'l';)'ze peraccident| 5789 (+491 | x1.07) 1608 (-11 | x0.99 ) 47.1(+0.3 | x1.01) 0.01 (+0.00 | x1.04) 2.3(+0.5 | x1.27)
ﬂ Probability of at least ident f
= rona 'i;‘iie:rb‘eyajpiﬁ:f22°°' “™ | 0.08% (+0.03%| x1.60) 0.07% (+0.01%| x1.08)  7.5% (+0.02%| x1.00)  98.9% (+0.20% | x1.00) | 99.0% ( +0.19%| x1.00 )
o ” )
| o o e ecclde® | 0.80% (+0.30%| x1.60)  0.66% (+0.05%| x1.08)  54.3% (+0.09%| x1.00) 100.0% 0.00%| x1.00) | 100.0%( 0.00%| x1.00 )

P“’ba?:‘;é‘\’/::S'Ef;ﬁ;:“‘dem 1.98% (+0.74%| x1.60)  1.65% (+0.13%| x1.08)  85.9% (+0.07%| x1.00)  100.0% ( 0.00%| x1.00) | 100.0% ( 0.00%| x1.00)
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