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VTRA 2015 Waterway Zones
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10. PS North
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12. Tacoma

13. Sar/Skagit

14. SJ Islands

15. Southern Gulf
Islands




VESSEL TRAFFIC RISK ASSESSMENT (VTRA) 2015

VTRA 2015 Routes for What-If Case:
US-KM-CA-LN-2248

PUGET SOUND

VTRA 2015

TOTAL WHATIF - LNG PROJECTS (without Bunkering)
TOTAL WHATIF - CA PROJECTS (without Bunkering)
TOTAL WHATIF - KM (without Bunkering)
TOTAL WHATIF - US PROJECTS (without Bunkering)

650
1020
348
230

SUBTOTAL WHAT-IF (without Bunkering)

2248

TOTAL BUNKERING SUPPORT - LNG PROJECTS
TOTAL BUNKERING SUPPORT - CA PROJECTS
TOTAL BUNKERING SUPPORT - KM
TOTAL BUNKERING SUPPORT - US PROJECTS

29
111
17
49

SUBTOTAL Bunkering Support

206

TOTAL WHAT-IF FOCUS VESSELS

2454
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DISCLAIMER:

The VTRA 2015 Model does not contain a model
for the Potential Consequences of an Accident with
an LNG Tanker.

LNG Tankers for the purposes of the VTRA 2015
study are minimally modeled for traffic impact as
Cargo Focus Vessels only.

Hence, risk metrics evaluated for any of the VTRA
2015 Cases that include LNG tankers ought to be
considered lower bounds of those risk metrics.
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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 2015 Case: US-KM CA—LN-}Z 8]"_‘
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/ 30/2016

0.81
0.65
0.51
0.39
0.28
0.18
0.09
0.00

VTRA ‘15 Case:
US-KM-CA-LN-348
GEOGRAPHIC PROFILE

OF POTENTIAL ANNUAL

OIL LOSS OF ACCIDENTS

IN SPILL SIZE CATEGORY
ALL SPILL SIZES

.
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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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US-KM-CA-LN-2248 3D Risk Profile All FV -
Pot.C+G+A.Qil Loss: 204% of Base Case POL
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A\ WASHINGTON, DC

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

Guemes: +13.7% | x 1.85 16.0% 29.7%

Haro/Boun. : +46.5% YR 60.7%

PS South : -0.1% | x 0.99 L

Rosario : +3.7% | x1.33 11.00/014.70/0

Saddlebag: +6.7% | x 1.62 T 17.6%

PS North : +0.5% | x 1.05 Toicad

ESJF : +18.2% || x 3.06 i 271%

Sthrn. GIf. Isl. : +1.7% | x 1.27 B30

WSJF: +6.5% | x2.38 T 11.2%

Georgia Str.: +3.9% | x1.99 3,00} 7.8%

Buoy ] : +2.7% - 3:3%

Tac. South : +0.2% | x1.40 [ )&%

SJIslands : +0.2% | x1.39 [ )&%

Sar/Skagit: +0.0% | x1.10 | 2%

ATBA:+0.0% | x1.42 | 1%

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

mUS-KM-CA-LN-2248:205% (+104.5% | x2.05) = VTRA '15: Base Case : 100%
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PS South :
Sthrn. GIf. Isl. :
Guemes :
Haro/Boun.:
PS North:
WSJF
Georgia Str. :
ESJF :

Tac. South
Rosario :

SJ Islands :
Saddlebag:
Buoy ] :
Sar/Skagit :
ATBA:

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

+0.9% | x1.02
+0.0% | x1.00
+2.4% | x1.24

+8.2% m

+0.1% | x1.01

:+1.7% ||x1.47

+0.8% | x 1.23
+2.0% | x1.66
:0.0% | x0.99
+0.2% | x 1.12
+0.2% | x1.16
+0.1% | x 1.09

+0.4%

+0.0% | x1.11
+0.0% | x1.06

10% 20% 30% 40%
% Base Case Pot. Accident Freq. (AF) - ALL_FV

mUS-KM-CA-LN-2248:117% (+17.0% | x1.17) mVTRA'15: Base Case : 100%
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By Waterway Zone
Risk Comparison

Oil Spill Size Category:
2500 m3 or more
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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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VTRA ‘15 Case:
US-KM-CA-LN-348
GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE

2,500 m3 or more

~ 1.39% Probability

of Spill Occurrence
in 10 years

Average of =15 544 m3
Per Potential Spill
(~ 4,768 Metric Tons)
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Georgia Str. :
Buoy ] :
Sthrn. GIf. Ils.
Tac. South :
ATBA:

SJ Islands :
Sar/Skagit :

Guemes : +0.14% | x 2.34 0.1064% 0.249%
ROSario : +0.03% | X 1.31 | m— 14079 T
Saddlebag: +0.06% | X 1.74 |o— 00815% (14220, T TTTTTTTTTTToTmmmsmsmsososooooy
ESJF : +0.21% | X 5.03 | e ———— 0.2596%
Haro/Boun.: +0.31% | [x 11.86 | [ e —— 0.3409% |
PS South: 0.00% | x 0.99 |[mmmm= 0.0308%
PS North : +0.00% | x 1.00 [ 0033505
WSJF : +0.06% | X 3.53 | - __(;2'2'?:0;0""6.'0'7'8'83/; -----------------------------------------------

: +0.02% | o.00%’1%/20090/0

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

+0.04% | x 2.52 0 02e00 D 0052%

+0.03% ||x6.73 |[E"000459,"3%3%

+0.00% | x3.21 [ Jfi5"

+0.00% | x1.20 | §:0007%

+0.00% | x1.65 [ Ji07

+0.00% | x1.35 | 3:9994%

0.00%  0.05%  0.10%  0.15%  020%  025%  030%  035%  0.40%
Prob. Estimate At Least One Accidentin 10 Years

mUS-KM-CA-LN-2248:1.39% (+0.90% | x2.80) m VTRA '15: Base Case: 0.50%
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Potential Spill Size (m3) per Accident -
ALL_FV - Oil Spill Size Category: 2500 cubic meters or more

GUEINES : -5 10,8 | X 0.94 e —— f-_6_8§L1_9_8 ___________________
ROSAII0 1 +440.3 | X 1,06 e —— 3 81722_5_2 _________________________
Saddlebag : +352.8 | X 1.05 e — 7 1%’15_1? _______________________
ESJF:-2571.3 | x0.59 3669 ____________ 6240,
Haro/Boun.: -879.6 | x 0.81 ________________________3:7_0_9__‘&,_58_9 _________________________________________
PS South: +41.1 | x 1.01 553367 ________________________________
PS North : +447.7 | x 1.09 4975;1422 ____________________________________
WSJF:-928.0 | x0.86 57936._721 ____________________________
Georgia Str. : -628.5 | X 0.9 e f'_"_ﬁ_%@% ____________________________
BUOY J 1 +713.5 | X 112 e — 5873 _6'_5_8_7 _____________________________
Sthn. GIf. 11, : -1862.5 | X 0.60 e 2814 4676
TaC. SOUN : +1794. 1 | X 1.2 9._7_15_______?'_5_0_9 _________________

AT BA : 4215.5 | X 1,24 e ————————— o066 }}v_2_355
SJ Islands : -2946.9 | x 0.69 6609 ______________ 9556 |

Sar/Skagit: +71.8 | x 1.01 2ESd
0 2,000 4,000 6,000 8,000 10,000 12,000
Potential Spill Size (m3) per Accident
mUS-KM-CA-LN-2248:5544 m3 (-1254.4 | x 0.82) ® 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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VTRA ‘15 Case:
US-KM-CA-LN-348
GEOGRAPHIC PROFILE
OF POTENTIAL
ANNUAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE BETWEEN
1,000 m3 - 2,500 m3

~ 0.96% Probability
of Spill Occurrence
in 10 years

Average of - 1 692 m3
Per Potential Spill
(= 1,455 Metric Tons)
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Guemes :
Rosario :
Saddlebag:
ESJF :
Haro/Boun.:
PS South :

PS North :
WSJF :
Georgia Str. :
Buoy ] :

ATBA:
S] Islands :

Shtrn. GIf. Isl.
Tac. South : 0.00% | x 1.00

Sar/Skagit :

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

+0.03% | x1.18
+0.00% | x1.01
+0.04% | x1.28
+0.02% | x1.36
+0.23% |
+0.00% | x1.00
+0.00% | x1.04

+0.03%

+0.01% | x1.44

+0.01%

:0.00% | x0.78

+0.00% | x 1.04
+0.00% | x1.23
+0.00% | x 1.17

0.00%

0.1683%
0.1429%

0.0493%
0.0486%

0.0633%
0.0609%

0.0458%
0.0201%

0.0402%
0.0279%

0.0092%
0.0038%

0.0138%
0.0177%

0.0013%
0.0013%

0.0003%
0.0003%

0.0047%
0.0038%

0.0003%
0.0003%

0.05% 0.10% 0.15% 0.20% 0.25% 0.30% 0.35%

Prob. Estimate At Least One Accidentin 10 Years

mUS-KM-CA-LN-2248:0.96% (+0.35% | x1.58) mVTRA '15: Base Case: 0.61%

7/30/2016
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Potential Spill Size (m3) per Accident - ALL_FV - Qil Spill Size
Category: 1000 - 2500 m3
GUemes : 2.9 | X 0.98 o, 005
R0SATI0 1 -110.0 | X 0.9 | —— 337?1_77 ______
Saddlebag: -80.9 | X 0.95 | ——— 7705 |
ESTF : +116.2 | X 1.08 e La62.
Haro/Boun.: +358.1 | X 1.25 |sm—— 1,443 1,801
PSSouth: +13.8 | X 1.0] 1464,
PS North : +11.0 | X 1.0 e —— 1598 ]
WSIF: +149.1 | X 1.09 s 1603 7°2
Georgia Str.: -0.7 | X 1.00 |——————— %jggg
BUOY J 1 -3.4 | X 100 e —— 001
Shtrn. GIf. IsL : +185.8 | X 111 |—— 625 oot
Tac. South : +1.4 | X 100 1342
ATBA 1 +68.1 | X 104 el
SJIslands : +39.0 | X 1.03 | 1255
Sar/Skagit : -35.8 | x 0.97 35%0
0 500 1,000 1,500 2,000
Potential Spill Size (m3) per Accident
mUS-KM-CA-LN-2248:1692 m3 (+73.0 | x1.05) ®VTRA '15: Base Case : 1619 m3
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By Waterway Zone
Risk Comparison

Oil Spill Size Category:
1 m3-1000 m?3
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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

~ 54.1% Probability i
of Spill Occurrence Eg%e
ars

Average of ~ 47 m3
Per Potential Spill
(=~ 295 Barrels)
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VTRA 15 Case: ~ 59.4% Probability
US-KM-CA-LN-348 of Spill Occurrence g8
GEOGRAPHIC PROFILE in 10 years 3
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN 1 m3- 1000 m3

Average of ~ 78 m3
Per Potential Spill
(~ 491 Barrels)
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A\ WASHINGTON, DC

Prob. Estimate At Least One Accident in 10 Years -
ALL_FV - Oil Spill Size Category: 1 - 1000 m3
Guemes: +0.7% | x1.19 3_35}’(')% ____________________________________________________
Rosario: +0.1% | x1.14 (}_'8(%’ ________________________________________________________
Saddlebag: +0.0% | x 1.07 A
ES]F H +2.10/0 I 3.0% 1% N
Haro/Boun.: +6.9% || x 1.83 — 53| }?_Zi’/f _____________________________________
P SOULh 1 0.2 | X 0.0 e —— 2?_, 90_-_‘_3"_{;9 _____
PS North : +0.1% | x 1.03 557//0 ___________________________________________________________
WSJF: +0.7% | x1.37 A
Georgia Str.: +0.5% | X 1.18 | 2__3_'6-{}/;’/‘1 ________________________________________________________________
BuoyJ:+0.2% |[x2.02 ¥ %t
Shtrn. GIf. Isl. : +0.0% | x 1.00 e ﬂ;;;’;;_’ _____________________________________________
Tac. South : 0.0% | X 0.99 | %go//g __________________________________________________________________
ATBA: +0.0% | x 1.06 _3_;3_32; _______________________________________________________________________
SJ Islands : +0.1% | x 1.16 _3;1%’ ______________________________________________________________________
Sar/Skagit: +0.0% | x1.12 | 2%
0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0% 35.0%
Prob. Estimate At Least One Accidentin 10 Years
MUS-KM-CA-LN-2248:59.4% (+5.3% | x1.10) mVTRA '15: Base Case : 54.1%
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Potential Spill Size (m3) per Accident -
ALL_FV - Oil Spill Size Category: 1 - 1000 m3

Guemes: -3.7 | X 0.91 |— ?23 ___________________________________________________________

Rosario : -4.5 | x 0.94 7782 ________________________________________________

Saddlebag : +6.8 | X 1.07 e 5 5_1_0_2 _________________________________________

BT i 41116 | X 2.0 e — 103214 _______

Haro/Boun. : +82.1 | X 1.78 e s — }*_3? _______________

PS South :-0.1| x 1.00 _______}:_3 __________________________________________________________________

P NIt : - 1.4 | X 0.9 }1‘_’0% _______________________________________

WSTF : +35.5 | X 1,36 o 100 1_3_5 _______________________________

Georgia Str.: +17.1 | x 1.47 3754 ________________________________________________________

Buoy]J:+15.1| x1.19 3095 ___________________________________________

Shtrn. GIf. IsL. : +7.8 | X 1.20 | 38 f? __________________________________________________________

Tac. South: +0.1| x 1.01 [ 1 _; ___________________________________________________________________

ATBA : +13.6 | X 1,22 e 93__7? _________________________________________________

SJ Islands : +16.3 | x 1.62 _________29___‘_*§ ___________________________________________________________
Sar/Skagit : -4.6 | x 0.93 64 .

0 50 100 150 200 250
Potential Spill Size (m3) per Accident
mUS-KM-CA-LN-2248:78 m3 (+31.0| x1.66) ®mVTRA '15: Base Case : 47 m3
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By Waterway Zone
Risk Comparison

Oil Spill Size Category:
0 m3-1m?3
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vErRA 2015 BASE _c 'SE ALL FV

5% of \miA 2015 Bbse“* =
~ 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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Y \ WASHINGTON, DC

: ;q% of \rrléA 20435 Base""’"

t__Annua'l;'nPoLtent

- i ?"7{ s ._J’

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

" VTRA ‘15 Case:

GEOGRAPHIC PROFILE
OF ANNUAL
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN O m3-1m3

US-KM-CA-LN-348

~ 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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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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-'\‘N WASHINGTON, DC

. rlm_zo;; Base Case Total
" Potentlal Annu

VTRA ‘15 Case: ~ 100% Probability
US-KM-CA-LN-348 of Spill Occurrence
GEOGRAPHIC PROFILE in 10 years
POTENTIAL OIL LOSS
OF ACCIDENTS
WITH SPILL SIZE
BETWEEN O m3-1m?3

B Average of ~0.01 m? {
i Per Potential Spill
(= 3.0 gallons)
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- H‘:’\* WASHINGTON, DC

Prob. Estimate At Least One Accidentin 10 Years -
ALL_FV - Qil Spill Size Category: 0 - 264 Gallons

GueImIes : +0.7% | X 1.0 e — g 1909"/ ________

Rosario : +3.8% | x 1.09 439;*97_"{0 __________________________________________

Saddlebag: +2.2% | x 1.07 __3332/5(;/_" _________________________________________________

ESJF : +15.7% || x 1.21 | — 730 8%

Haro/Boun.: +3.3% | x1.03 _____________________________________________________________972}3??‘1 _______

PS South : +0.0% | x 1.00 %885 _______

PS North : +0.2%% | X 100 e —————————— 3_ g;o ___________

WSTF : +10.6% || X 1. 13 | 8_0_040____9_11’@ ______________

Georgia Str. : +6.2% | X 1.08 e ———— 799/0_‘_3?‘1/0 __________________

BUOYI :+14.9% I 16% 3 _1_0/_0 ____________________________________________________

Sthrn. GIf. Is]. : +0.0% | X 1.0 e ——— 1838_43 ________

Tac. South : -0.4% | x 0.99 66220/;; ________________________________

ATBA:+0.1%| x106 § 1¢

S IS IaNdS : +4.80 | X 112 e ag%jf‘f"f’ ____________________________________________
Sar/Skagit : +0.7% | x 1.11 Fod

0.0% 20.0% 40.0% 60.0% 80.0% 100.0% 120.0%
Prob. Estimate At Least One Accidentin 10 Years
mMUS-KM-CA-LN-2248:100.0% (+0.0% | x 1.00) m VTRA '15: Base Case : 100.0%
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Guemes: +1.6 | x1.15
Rosario: +0.4 | x1.02
Saddlebag:-0.6 | x 0.89
ESJF:-0.7 | x 0.65
Haro/Boun.: +1.0 | x 1.24
PS South:0.0| x0.97
PSNorth:0.0| x0.97
WSJF:-0.1| x 0.82
Georgia Str.: +0.2 | x1.17
Buoy]:-0.8| x0.57
Sthrn. GIf. Isl.: +0.1 | x1.10
Tac. South: +0.0 | x 1.01
ATBA:0.0| x0.44

SJ Islands : +17.3 | x 5.43
Sar/Skagit: +3.4 | x5.57

Potential Spill Size (Gallons) per Accident -

ALL_FV - Oil Spill Size Category: 0 - 264 Gallons

0.0 5.0

mUS-KM-CA-LN-2248:3.0 gallons (+0.8 | x 1.34)

100 15.0 200
Potential Spill Size (Gallons) per Accident

®m VTRA '15: Base Case : 2.3 gallons
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Summary Risk Comparison

Probability of at least one accident
in 25 years by spill size

3.45% (+2.21%| x2.78)

2.39% ( +0.87%| x1.57 )

89.5% ( +3.73%| x1.04 )

100.0% ( 0.00%| x1.00 )

OIL_2500_MORE 0IL_1000_2500 OIL_1_1000 oIL0 1 TOTAL_OIL
Base Case Jo potentia 42.0% 12.3% 45.3% 0.5% 100.0%
nnual Oil Loss
Ll
(7] Base Case % Potenial
< Aot Aceident Froauency 0.01% 0.01% 1.8% 98.2% 100.0%
L Average potential spill size per accident
(7)]
2 P 6,798 1,619 46.9 0.01 1.8
ﬂ Probabi'lity of at Ieast‘onfe accident 0.05% 0.06% 7.5% 98.7% 98.8%
N in 1 year by spill size
< " )
e Pr°babi'r']'tlyo"yf:;r'gssstp‘i’lI”;fe“'de“t 0.50% 0.61% 54.2% 100.0% 100.0%
>
Probability of at least one accident 1.24% 1.52% 85.8% 100.0% 100.0%
in 25 years by spill size ' ' ' : '
OIL_2500_MORE 0IL_1000_2500 OIL_1_1000 oIL0 1 TOTAL_OIL
Base Case J otential 96.4% (+54.37%| x2.29)  20.2% (+7.99%| x1.65) 86.9% (+41.64%| x1.92)  0.7% (+0.26%| x1.56) | 204.3% ( +104.3%| x2.04 )
00
< N
q pase Case % Porent! 0.03% (+0.02%]| x2.81)  0.02% (+0.01%| x1.58)  2.0% (+0.28%| x1.16)  114.9% (+16.7%| x1.17 ) | 117.0% ( +17.0%| x1.17 )
nnual Accident Frequency
2
A . o . .
. | Avereee p°te"“;r'f:]'l';)'ze peraccident| 5545 (41253 | x0.82) 1692 (+73 | x1.05) 77.8 (+30.9 | x1.66 ) 0.01 (+0.00 | x1.34) 3.2 (+1.4 | x1.75)
<
(&) » ) I
v | Probabilty ofatleastone accident | o) 4 gor (10 09o5| x2.81)  0.10% ( +0.04%| x1.58)  8.6% (+1.12%| x1.15)  99.4% (+0.67% | x1.01) | 99.4% ( +0.63%| x1.01 )
E in 1 year by spill size
7 - )
v | Probability of atleast one accident |y /q0r (16 9096| x2.80)  0.96% (+0.35%| x1.58)  59.5% (+5.27%| x1.10)  100.0% (0.00%| x1.00) | 100.0% ( 0.00%]| x1.00)
[7,) in 10 year by spill size
)

100.0% ( 0.00%| x1.00 )
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