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Acronyms and Abbreviations

AMPD: average most-probable discharge
ANPRM: Advanced Notice of Proposed Rulemaking
ATB: articulated tank barge

AWO: American Waterways Operators

bbl/hr: barrels per hour

bbl: barrels of oil (equivalent of 42 gallons)
BLEVE: boiling liquid expanding vapor explosion
CBR: crude-byrail

CEMS: Crew Endurance Management System
CFR: Code of Federal Register

DAPL: Dakota Access Pipeline

DEIS: Draft Environmental Impact Statement
ECP: electronically-controlled pneumatic [brakes]
EPA: Environmental Protection Agency

ERC: Environmental Research Consulting

FEMA: Federal Emergency Management Agency
FRA: Federal Railroad Administration

gal: gallons

HAZMAT: hazardous material

hr: hours

HROSRA: Hudson River Oil Spill Risk Assessment
ITB: integrated tug barge

kts: knots

mi: miles

mi% square miles
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mil: million

MMPD: maximum most-probable discharge

MSIB: Marine Safety Information Bulletin

NCP: National Contingency Plan

ND: North Dakota

NEPA: National Environmental Policy Act

NOAA: National Oceanic and Atmospheric Administration
NPDES: National Pollution Discharge Elimination System

NTSB: National Transportation Safety Board

NVIC: Navigational and Vessel Inspection Circular

NYSDEC: New York State Department of Environmental Conservation
ORPHP: Office of Parks, Recreation, and Historic Preservation
p: probability

PADD: Petroleum Administration for Defense Districts

PAWSA: Ports and Waterways Safety Assessment

PHMSA: Pipeline and Hazardous Material Safety Administration
PTC: positive train control

PWCS: Ports, Waterways, and Coastal Security

SAR: Search and Rescue

STCW: International Convention on Standards of Training, Certification, and Watchkeeping for
Seafarers

Tbbl/day: thousand barrels per day

TOAR: Towing Officers' Assessment Record
TSS: traffic separation scheme

USCG: US Coast Guard

VHF: very high frequency
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VTS: vessel traffic system

WCD: worst-case discharge
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Hudson River Oil Spill Risk Assessment Report Volumes
The Hudson River Oil Spill Risk Assessment (HROSRA) is composed of seven sepduaes that
cover separate aspects of the study.

Executive Summary (HROSRA Volume 1)
The first volume provides an overall summary of results in relativetytechnicaterms, including:

X Purpose of study;

X %ULHI H[SODQDWLRQ RI ULVN DV 3SUREDELOLW\ WLPHV FRQVH
addresses these different factors;

x Brief discussion of oil spill basics;

X Resultst WKH 3VWRU\" RI HDFK VSLOO VFHQDULR LQFOXGLQJ
fire/explosion brief story (if applicable), and a verbal description of the consegumtigation
(responsespill and fire emergency); and

x Brief summary of spill mitigation measures with respect to response preparedness and prevention.

HROSRA Volume 2
The second volume provides an overview of the study approach and general introduction to unique

features of the Hudson River.

HROSRA Volume 3

The third volume reviews the potential sources of oil spillage. It also presentanalyses of the
probability of occurrences of spills of varying sizes from the poterdiaices under different conditions
of traffic and oil transport.

HROSRA Volume 4

The fourth volume presents the analyses of the potential consequences ¢s ohpgpothetical spills,
including the trajectory and fate of spills to the water, and the potemdsure of resources above
thresholds of concern, based on oil modeling (including Appendices with detailed figures, etc.).

HROSRA Volume 5
The fifth volume presents the analyses of potential consequences or impacts of iogbdttetand
explosion events that may occur in addition to oil spills.

HROSRA Volume 6

The sixth volume presents the analyses of spill mitigation measureduoe the risk of spills through
prevention, preparedness, and response. The volume includes response and preparedness considerations
for the specific modeled scenarios, as well as overall response issues Huddmn River. It also

includes more generic descriptions of prevention measures (vessels, trains, fadilijies, et

HROSRA Volume 7

The seventh volume presents the summary tables with+dleltading probabilities, spill modeling,
fire/lexplosion analysis, and response considerations for each of the 72 modeled spilbssc&har
volume pulls together everything from HROSRA Volumes 3, 4, 5, and 6.
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18 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Terminology

Risk

7KH WHUP 3ULVN" LV RIWHQ XVHG DV D VIQRQ\P IRU SSUREDELOLW\
probability of an event (e.qg., a spill) multiplied by the consequences of that event, as:follow

risk,;,  probability, ;, consequencgs

Expected Frequency, Probability, and Return Periods

The objective of the analyses in this report is to determine the expected faequancy or probability

that spill events of various sizes might occur. The results are represetgaddrof expecteffequencies

and ageturn periords 7KH UHWXUQ SHULRG LV DOVR VRPHWLPHWUWBMDWOHG V
express the same concepts in different ways. The expected frequency is an estimate edihtia lidr

probability that an event (in this case, a spill of a certain volunilg)owecur in any given year. The

inverse of this is the return period.

For example, if there is a 1% chance, or a one in 100 chance, that a largeespilividvoccur in one
\HDU 7KH 3UHWXUQ SHULRG” ™ IRU WKLV HYHQW LV \HDUV 7KH UH

number(events
year
1 years
Frequency(event) ever
0.01

Frequency(event) ——
year

Frequency(event)

Return

Return(event) 1 100
0.01

The return period (e.g., 100 years) is used in an attempt to simplify thetioefof a specific
statistically-determined chance of an event occurring in any one year (tgslihot however mean that

it will necessarily take 100 years before this event occurs or that it will only occunpadd0-year time

IUDPH 7KH UHWXUQ SHULRG RU UHFXUUHQFH LQWHUY DWKPMNQ DOP
event will occur in any one year.

%HFDXVH WKH FRQFHSW RI 3UHWXUQ SHULRGWED®Y EMWKIRBER IXNRRAD G
event every number of years, it is not used in this report. Instead the annual probability is expressed as 1

in X chance, which is often easier to conceptualize. A 100-year event has a 1 in I@0edwnyear. In

WKLY UHSRUW WKH 3DQQXDO SUREDELOLW\" LV VKRZQ LQ DGGLWL
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AnnualProbability

return

Note that if there is an expected frequency of more than one spill a year, the aobadilipy will
DSSHDU D¥FEKDQER x&Hdddthhn one. This means that it is nearly certain to occur each
year.

Rounding of Numbers and Significant Digits

Calculated data from modeling and various interim analyses are shown with as rfigaydagts after
the decimal point. This is to allow for greater accuracy in adding and other raéit@mprocesses and to
avoid rounding errors that may be confusing to the reader.

In summary tables, however, such as those providing estimates of annual frequeséeifiofvolumes

of spills and return years, the results have been rounded to two or three sigdifiita, as appropriate,

starting with the first non-zero digit. This is a standard methodology appliedmny analyses to avoid

the implication that one could be so precise in determining the frequency of spifi evér future. For

example, if the calculated spill frequency is 0.00128 per year, which would bringra petriod of

781.25 years, the spill frequency would be rounded to 0.0013 per year and the return periocewould b
H[SUHVVHG DV \HDUV GRWHNWKDWH WIQWR IEBOQWG 3VLJIJQLILFDQV

Percentiles

7KH WHUP 3SHUFHQWLOH" LV XVHG WKURXWRRXI. QWX I\R O XIBRW W3 HLF
a statistical measure indicating the value below which a certain percentagsestations fall. For

example, the 75percentile for spill volume is the volume at which 75% of spills are smalleslume,

and only 25% are larger. For the"98ercentile volume only 1% is larger. Thé"gtercentile is the value

for which half are smaller and half are larger. This is the equivalent of the median.

Averages
7KH WHUP 3DYHUDJH™ LV XVHG LQ WKLV UdbSdradans teéiredhy QRivgH W K H
the group of values and dividing by the number of values included.

Spills versus Chronic Inputs

This study mainly addresses the risk of spills, which are discrete eventscim ol is released over a
finite period of time. To put the potential inputs of oil from spills intespective, however, the chronic
inputs of oil from non-point sources through runoff, as well as gendell discharges from the
operation of two-stroke engines and vessels are also mentioned. Chronic inputs cagalbedntiiough
prevention, such as better practices, maintenance, or technological advances. Thesannputsually
be cleaned up through spill response efforts.
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Classification of Oil Spill Volumes

According to the National Contingency Plan (NE®) SPDMRU" RLO VSLOO LV GHILQHG D
spillage of more than 100,000 gallons (2,381 bbl) in coastal (marine) waters, andharor£0,000

gallons (238 bbl) in inland water§he Hudson River is considered an inland waterway.

Spill volumes for contingency planning purposes are classified as shown in Table 1.

Table 1: AMPD, MMDP, and WCD Planning Volumes

Source | Average Most-Probable Maximum Most-Probable Worst-Case Discharge (WCD)

Type Discharge (AMPD) Discharge (MMPD)
Facilit Lesser of: Lesser of: Largest foreseeable discharge in adve
Y| 50 bblor 1% of WCD 1,200 bbl or 10% of WCD weather condition$.

Lesser of: EEO LI RLO FDj Discharge in adverse weather conditio
Vessel 50 bblor iW of cardo 25,000 bblor 20% of oll R1 Y HV Mire@ughor Eargo oll,
0 9 capacity if < 25,000 bbl whichever is greater.

140 CFRS§ 300.5

2 (1) Where applicable, the loss of the entire capacity of all in-line ezakwut tank(s) needed for the continuous
operation of the pipelines used for the purposes of handling or trangpoitinn bulk, to or from a vessel
regardless of the presence of secondary containment; plus (2) The disfcbara@ll piping carrying oil between the
marine transfer manifold and the non-transportation-related portion ¢ddiiey. The discharge from each pipe is
calculated as follows: The maximum time to discover the release from the ipars) plus the maximum time to
shut down flow from the pipe in hours (based on historic dischaatg or the best estimate in the absence of
historic discharge data for the facility) multiplied by the maximum flow rateessed in barrels per hour (based on
the maximum relief valve setting or maximum system pressure whenvahefs are not provided) plus the total
line drainage volume expressed in barrels for the pipe between the mamifeldnand the non-transportation-
related portion of the facility; and for a mobile facility it means the tdshe entire contents of the container in
which the oil is stored or transported.
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HROSRA Volume 3 Summary

Volume 3 of the Hudson River Qil Spill Risk Assessment study addresspsotiability side of the risk
equation. [The consequences are addressed in HROSRA Volumes 4, 5, and 7.]

Probability of Oil Spills

The likelihood or probability that a particular type of oil spill might adsudependent the probabilities
of the presence of spill sources, along with the probabilities of accidemgdms) that could potentially
cause spillage, and the probabilities that the accidents (or errors) would cause the reiease of o

risk,,  probability,; consequencgs
probability,;,  probability,, .. ~ probability, .. “Probabity

releas

In other words, for a spill to occur there needs to be:

X A source that transports or contains oil;
X An accident or error that could potentially result in an oil spill; and
X The actual release of oil.

Each of these probabilities is addressed in succession for each of the typespifsothat could
hypothetically occur in or along the Hudson River study area.

In addition, because the volume of spillage is important for determining impact®doenses) and
response, the probabilities of a spill being of a certain volume also teédscalculated. In general,
most spills are small, but there is a small probability of larger spills.

Oil Spill Ty pes Included
The probability analysis includes potential spillage into the Hudson River from:

X Tank vessels (tankers and tank barges, including articulated tank barges or ATBs) caroying oll
petroleum, which can spill oil cargo and/or bunker fuel,

Non-tank vessels (all other commercial vessels that carry oil only as fueail@arb)y

Recreational vessels;

Locomotives on passenger and commuter trains;

Locomotives on freight trains;

Tank cars and locomotives on crude-by-rail (CBR) trains;

Facilities that store oil (oil terminals, fuel depots, etc.); and

Oil pipelines that cross or run near the river.

X X X X X X X

The analyses of potential spills from these sources are based on the actual cesesrdepof these
sources, as well as hypothetical future presence. For example, the analysis thelymeposed Pilgrim
Pipeline and hypothetical future transport of crude oil by train, which is not currentiycen pleaddition,

potential changes in future patterns of vessel traffic are incorporated into the velsapb$ysls.
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Oil Spill Probability from Tank Vessels and Non  -Tank Vessels
The probability of oil spills from tank vessels, including tankers and bangges (including ATBs), and
non-tank vessels involved:

X Analyses of vessel casualties or accidents (i.e., groundings, collisions, allisguipment
failures, fire, structural failures, and minor incidents) the factorswioald affect the rate of
casualties by vessel type;

Analyses of the likelihood of the spillage of oil in the event of a casualty;

Analyses of the likelihood of a spill during transfer operations (fueling or cargo transfer)
The potential volume released in the event of a spill;

Potential changes in vessel casualties and spills with different levelaffiaf on the Hudson
River.

X X X X

The expected annual frequencies of oil cargo spills by volume are summarizeddar? Tadal of bunker
spills in Table 3 based on current vessel traffic. The two types of spills mb@Enam in Figure 1. The
majority of spills (86%) are of less than 10 bbl.

Table 2: Annual Frequency of Cargo Spills from Tank Vessels (Current Vessel Traffic)

Spill Volume Annual Spills Annual Probability

(bbl) Tankers | Tank Barges Tan-lk—(ijzlssels Tankers | Tank Barges Tanlccilssels
<1 0.010 0.470 0.480 1in 100 1lin2 1in2
19 0.005 0.076 0.081 1in 200 1in13 1in12
1099bbl 0.005 0.088 0.093 1in 200 lin1l 1in11
100099 0.004 0.037 0.041 1in 250 1in27 1in24
1,0009,999 0.003 0.021 0.024 1in 333 1in 48 1in 42
10,000+£99,999 0.001 0.011 0.012 1in 1,000 1in91 1in 83
100,000+ 0.0000015 0.0000000 0.0000015| 1 in 666,667 0| 1in666,667
Total 0.029 0.703 0.732 1in 345 1in1.4 1inl4

Table 3: Annual Frequency of Bunker Spills (Current Vessel Traffic)

Spill Volume (bbl) Annual Spills Annual Probability
<1 3.176 1in0.31
19 0.392 1lin2.55
1099bbl 0.172 1in5.80
100099 0.183 1in5.48
1,0009,999 0.118 1in8.45
10,000+£99,999 0.031 1in 32.32
100,000+ 0.000 0
Total 4.073 1in0.25
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Expected Annual Number of Vessel Spills by Volume (Current Traffic)
Number Spills
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Figure 1: Expected Number of Vessel Spills by Volume (Current Traffic)

Changes in vessel traffic will, of course, affect the potential numbeyslisf $n addition, any changes
related to spill prevention could also affect the potential numbers of spills. Thetpdepiiobabilities of
spills of different volumes based on hypothetical future vessel traffic assumptions are shabie if.

Table 4: Predicted Annual Spill Frequencies based on Vessel Traffic Changes

Estimated Annual Number of Spills by Volume Category (bbl)

Vessel Traffic Assumption

<1 1 10 100 1,000 | 10,000 | 100,000 | Total
Current Traffic 3.66 0.47 0.27 0.22 0.14| 0.044| 0.0000015 4.81
50% Overall Decrease 1.83 0.24 0.13 0.11 0.07| 0.022| 0.0000007 2.40
10% Overall Decrease 3.29 0.43 0.24 0.20 0.13| 0.039| 0.0000013 4.32

50% Decrease Tank Vessels| 3.16 0.40 0.20 0.19 0.12 0.035| 0.0000007 411

20% Decrease Tank Vessels| 3.46 0.44 0.24 0.21 0.13 0.040| 0.0000012 453

10% Decrease Tank Vessels| 3.56 0.46 0.25 0.22 0.14 0.042 | 0.0000013 4.67

10% Increase Tank Vessels 3.75 0.49 0.28 0.23 0.15 0.045| 0.0000016 494

20% Increase Tank Vessels 3.85 0.50 0.29 0.24 0.15 0.047| 0.0000018 5.08

50% Increase Tank Vessels 4.15 0.55 0.33 0.26 0.17 0.053| 0.0000022 5.50

10% Overall Increase 4.02 0.52 0.29 0.25 0.16| 0.048| 0.0000016 5.29
100% Increase Tank Vessels| 4.64 0.62 0.39 0.29 0.19| 0.061| 0.0000030 6.19
20% Overall Increase 4.39 0.57 0.32 0.27 0.17| 0.052| 0.0000018 5.77
200% Increase Tank Vessels| 6.62 0.91 0.63 0.44 0.28| 0.097| 0.0000059 8.97
50% Overall Increase 5.49 0.71 0.40 0.34 0.22| 0.066| 0.0000022 7.22
100% Overall Increase 7.27 0.89 0.51 0.42 0.26| 0.085| 0.0000080 9.44
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The likelihood of a spill of 100,000 bbl or more is about 1 in 670,000 with current vegBel Wath
increased overall traffic, and, in particular with increases in tank vessels,dbhabiity increases to as
much as 1 in 125,000. With decreased traffic, the probability likewise decreases (T &l & 200%
increase (i.e., doubling) of the tank vessels on the river, the probability of a 100,000-bbl or larget spill i
in 170,000 each year.

Table 5: Expected Frequencies of 100,000-bbl+ Vessel Spills by Traffic Assumption
Traffic Annual Frequency Annual Probability

50% Overall Decrease 0.0000007 1in 1,428,571
50% Decrease TV 0.0000007 1in 1,428,571
20% Decrease TV 0.0000012 1in 833,333
10% Overall Decrease 0.0000013 1in 769,231
10% Decrease TV 0.0000013 1in 769,231
Current Traffic 0.0000015 1in 666667
10% Increase TV 0.0000016 1in 625,000
10% Overall Increase 0.0000016 1in 625,000
20% Increase TV 0.0000018 1in 555,556
20% Overall Increase 0.0000018 1in 555,556
50% Increase TV 0.0000022 1in 454,545
50% Overall Increase 0.0000022 1in 454,545
100% Increase TV 0.000003 1in 333,333
200% Increase TV 0.0000059 1in 169,492
100% Overall Increase 0.0000080 1in 125,000

The annual probabilities of spills during transfer operations (fueling or camgsfdrs to/from vessels at
terminals or between vessels) are summarized in Table 5. These spill frequenciesreatiybeeduced
with stringent transfer regulations.

Table 6: Estimated Annual Transfer Spills in Hudson River
Annual Spill Rate (Annual Probability)
Spill Volume Oil Cargo Transfer Bunkering Total
(bbl) Annual Annual Annual Annual Annual Annual
Spills Probability Spills Probability Spills Probability

<1 bbl 0.365 1in3 0.514 lin2 0.86 linl
1-9 bbl 0.09 lin11l 0.126 1in8 0.216 1in5
10-99bbl 0.045 1lin22 0.063 1lin16 0.108 1in9
100999 bbl 0.0045 1in 222 0.0063 1in 159 0.011 1in91
1,000-9,999 bbl 0.00045 1in 2,222 0.00063 1in 1,587 0.0011 1in 909
10,000 bbl + 0.00005| 1in 20,000 0.00007| 1in 14,286 0.00012 1in 8,333
Total 0.505 lin2 0.71 linl 1.19622 linl
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Oil Spill Probability from Recreational Vessels
The analysis of spills from recreational vessels involved applying spill repested for New York,
applied to the estimated population of boats in the Hudson River.

Most recreational vessels have fuel tanks of 0.5 to 3 bbl. The largest gaohhold as much as 250 bbl.
The estimated total annual volume of oil spillage from recreational vésdbks Hudson River is about
20 bbl. With an estimated 16 annual accidents, this comes to about 1.3 bbl pertatbigienwould be
smaller volumes of spillage for smaller vessels, and more for larger ones.

Oil Spill Probability from Railroads
The probability of spills from railroads included:

Spills from tank cars carrying crude oil in CBR trains;

Spills from locomotives pulling freight trains, including cruoerail (CBR) trains;
Spills from locomotives pulling/pushing commuter trains; and

Spills from locomotives pulling long-distance passenger trains (Amtrak).

X X X X

There currently are no regular CBR trains transiting the Hudson River golffitleere are no CBR trains
there is no probability of spillage from these sourétsnvever, during 2017, there were eight (8) trains
that were diverted through the Hudson River rails due to extenuating circumstaricéisewiurricane
damage in Houston. The analyses for potential CBR spills were conducted witlusvaraffic
assumptionganging from diversion transport (as with the 8 trains in 2017), and occasionaéqnerit
diversion transport (up to 96 trains per year). In addition, two different le¥diéstorical transport
(moderate and peak), as well as a hypothetical maximum transport levelothdt sover the entire
capacity of refineries in the Northeast, were analyzed.

The calculated annual frequencies of CBR spills of oil cargo (e.g., Bakken crude)haldigdson River
based on the different traffic scenarios are shown in TaldNof& that these are only spills that might
potentially affect the Hudson River because of the proximity of the tradke triver. This is not an
estimate of the numbers of spills along the inland lengths of track.

Table 7: Projected Numbers of CBR Spills along Hudson River
Hypothetical CBR Transport Annual Low Spill Estimate High Spill Estimate
—— CBR Annual Annual Annual Annual
Trains Frequency Probability Frequency Probability

Current (No Diversion Transport) 0 0 n/a 0 n/a
Current (Diversion Transport) 8 0.0000020; 1 in 510,000 0.000046 1in 22,000
Occasional Diversion Transport 32 0.0000078| 1 in 128,000 0.00019 1in 5,400
Frequent Diversion Transport 96 0.000024| 1in 43,000 0.00056 1in 1,800
Moderate Historical Transport 780 0.00019 1in 5,200 0.0045 1in220
Peak Historical Transport 1,560 0.00038 1in 2,600 0.0090 1in110
Maximum Hypothetical Transport 4,015 0.00098 1in 1,000 0.023 1in43
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These are spills of any volume. Low and high estimates of the number of spittéubye are shown in
Table 8 and Table 9. They are based on a more optimistic assumption of a high degpeeveiment in
safety factors that would prevent spills (e.g., safer tank cars and @0Bitiin Control) for the low
estimate and a more pessimistic assumption of minimal safety improveioetits high estimate. With
the optimistic/low assumption there is a 1 in 100,000 chance per track nailepilf (of any volume)
based on the peak historical traffic. With the more pessimistic/high estitmette,is a 1 in 4,400 chance
of a spill (of any volume) per track mile.

Table 8: Projected Annual Frequency of CBR Spills into Hudson River (Low Estimate)

Spills/Year (Based on Trains per Year)

Spill 8 trains 32 trains 96 trains 780 trains | 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum
Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 0.000000051 0.0000002 0.00000061 0.0000048 0.0000096 0.000025
2,500 bbl 0.000000046 0.00000018 0.00000055 0.0000044 0.0000087 0.000023
4,000 bbl 0.000000042 0.00000017 0.00000050 0.0000040 0.0000079 0.000021
5,000 bbl 0.000000030 0.00000012 0.00000035 0.0000028 0.0000056 0.000015
8,000 bbl 0.000000027, 0.00000011 0.00000033 0.0000026 0.0000051 0.000013
10,000 bbl 0.000000018 0.000000071 0.00000022 0.0000017 0.0000034{ 0.0000089
15,000 bbl 0.000000014  0.000000054 0.00000017 0.0000013 0.0000026| 0.0000068
20,000 bbl | 0.000000005] 0.000000020 0.000000061 0.00000048 0.00000096/ 0.0000025
40,000 bbl | 0.00000000051 0.000000002C 0.0000000061(¢ 0.000000048 0.000000096 0.00000025
50,000 bbl | 0.00000000005 0.0000000002(] 0.00000000061 0.0000000048 0.0000000096 0.000000025
Table 9: Projected Annual Frequency of CBR Spills into Hudson River (High Estimat e)
Spills/Year (Based on Trains per Year)
Spill 8 trains 32 trains 96 trains 780 trains 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum
Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 0.000001 0.0000048 0.000014 0.00011 0.00023 0.00058
2,500 bbl 0.00000090 0.0000044 0.000013 0.00010 0.00021 0.00053
4,000 bbl 0.00000083 0.0000040 0.000012 0.000091 0.00019 0.00048
5,000 bbl 0.00000058 0.0000028 0.0000081 0.000064 0.00013 0.00034
8,000 bbl 0.00000054 0.0000026 0.0000075 0.000059 0.00012 0.000311
10,000 bbl 0.00000035 0.0000017 0.0000050 0.000039 0.000082 0.00021
15,000 bbl 0.00000027, 0.0000013 0.0000038 0.000030 0.000063 0.00016
20,000 bbl 0.00000010, 0.00000048 0.0000014 0.000011 0.000023 0.000058
40,000 bbl 0.000000010 0.000000048 0.00000014 0.0000011 0.0000023 0.0000058
50,000 bbl 0.000000001] 0.0000000048 0.000000014  0.00000011] 0.00000023 0.00000058

In addition to potential spills of crude oil from loaded CBR trains, thexg aiso be other spills of diesel
fuel from locomotives:

X On loaded CBR trains on the western side of the river;
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X X X X

Empty CBR trains on the western side of the river;

Other loaded/empty freight trains on either side of the river;
Long-distance passenger (Amtrak) trains on the eastern side of the river; and
Commuter trains on the eastern side of the river.

The annual frequency and probability of diesel spills for these different tfpesns are summarized in
Table 10. With the large number of long-distance passenger and commuter trairiy,chance of a
diesel locomotive spill along the Hudson River tracks each year. The proesiafilocomotive spills by

volume based on current traffic are shown in Table 11.

Table 10: Estimated Annual Frequency of Diesel Locomotive Spills along Hudson River

T | e, [T
Loaded CBR£urrent Diversion Transport West 0.000031 1in 33,000 525 bbl
Empty CBR *£urrent Diversion Transport West 0.000031 1in 33,000 525 bbl
Loaded CBR®ccasional Diversion Transport West 0.00012 1in 8,200 525 bbl
Empty CBR #ccasional Diversion Transport West 0.00012 1in 8,200 525 bbl
Loaded CBR #requent Diversion Transport West 0.00037 1in 2,700 525 bbl
Empty CBR frequent Diversion Transport West 0.00037 1in 2,700 525 bbl
Loaded CBRi#Moderate Historical Transport West 0.0030 1in 340 525 bbl
Empty CBR #Moderate Historical Transport West 0.0030 1in 340 525 bbl
Loaded CBR #eak Historical Transport West 0.0060 1in 170 525 bbl
Empty CBR #eak Historical Transport West 0.0060 1in 170 525 bbl
Loaded CBR Maximum Hypothetical Transport West 0.015 1in 65 525 bbl
Empty CBR #Maximum Hypothetical Transport West 0.015 1in 65 525 bbl
Freight Trains (Mixed Manifest) West 0.055 1in 18 525 bbl
Freight Trains (Mixed Manifest) East 0.023 1in 43 262 bbl
Amtrak Passenger Trains East 0.13 1in8 124 bbl
Metro-North Commuter Trains East 0.15 lin7 67 bbl
Total (Excluding CBR Trains) - 0.35 1in3 525 bbl

Table 11: Estimated Annual Hudson River Spills from Diesel Locomotives by Volume

Volume Annual Spills Annual Probability

5 bbl 0.078 1in13
25 bbl 0.069 lin15
40 bbl 0.065 1lin16
50 bbl 0.043 1in23
60 bbl 0.041 1lin25
70 bbl 0.027 1in37
100 bbl 0.020 1in49
250 bbl 0.0078 1in 130
300 bbl or more 0.00078 1in 1,300
Total 0.35 1in3
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Oil Spill Probability from Facilities

The storage of large quantities of oil in tanks at riverside faciliigsrminals is another potential source
of oil spillage. Spills that occur at facilities will usually be containgith required secondary
containment. However, there are circumstances when this containment, which nedlé¢sidpold more
than the volume of the tanks, may be breached, causing some or all of the spilled oil to entar. the riv

There are currently 16 major petroleum storage facilities dotting the HuRisen shorelines storing
approximately 144 million gallons (3.5 million barrels, bbl). Individual storaggkg may contain as
much as 250,000 to 300,000 bbl of oil. There are 16 facilities that are noted by the U$ Energ
Information Administration as holdirgt least50,000 bbl.

The projected annual spillage fraxistingfacilities is summarized in Tabl.

Table 12: Projected Annual Oil Facility Spills into Hudson Rive r
Spill Volume Spills/Year Annual Probability

Any Volume 0.011 1in 88
« EEO 0.0041 1in 240
. EEO ODMRU 0.00090 1in 1,100
19 bbl 0.0069 1in 150
1099 bbl 0.0026 1in 380
100999 bbl 0.0012 1in 830
1,000,999 bbl 0.00027 1in 3,700
10,00099,999 bbl 0.000028 1in 36,000
. EEO 0.00000080 1in 1.2 million

Oil Spill Probability from Pipelines
Currently, pipelines are not a very likely source of spillage into the Hudisen udy area. There is no
crude oil or refined product pipeline crossing the Hudson River study area at this time.

Another factor that could potentially change the nature of crude oil trarisgbe Northeast and in and
along the Hudson River is the construction of the Pilgrim Pipeline. In August 2015inPilgr
Transportation of New York submitted an application for the construction of twanil@Oparallel
interstate pipelines that would run mainly along the New York State Thruglatyof way west of the
Hudson River. One pipeline would transport crude oil from the Port of Albany soutfineries in
Linden, New Jersey, and the second would transport refined petroleum products (gasolinediome
oil, diesel, and kerosene) north to Albany and points in between. There would be two crostirgs of
Hudson River at Albany and south of Albany in Glenmont.

The two main pipelines would each be capable of transporting the equivalent of 200,00@ibper
day. This would be the equivalent of two to three CBR trains or one-and-@-lald tank barges full in
each direction. Were the pipeline to be built, and if crude oil transport wieistirring in the Hudson
River by tank barge and/or by rail, there may be shifts in the trangsptterns, though the degree to
which this might occur, if at all, is uncertain.
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For the proposed Hudson River Pilgrim Pipeline crossings, there are approximately 0.3 pipene
directly under the river (two crossings covering 0.15 miles each) for each of theaodidefined product
lines. In addition, there are approximately 1.8 miles of pipeline dereside of the river that would run
within about 1,000 feet of the river. The potential for pipeline spills was calculatedvwas shTable 13.

Table 13: Projected Annual Pipeline Spills into Hudson River with Pilgrim Pipeline
Crude Pipeline Refined Product Pipeline Total

Pipeline Volume | o 1 rvear 5 r’gg’;‘;ﬁi‘w SpillsiYear | | r’gg’;‘;ﬁ:w SpillsiYear | | r@gg‘;ﬁi'ty

. EEO 0.0023 1in 440 0.0011 1in 930 0.0031 1in 320
. EEO 0D 0.00060 1in 1,700 0.00030 1in 3,300 0.00044 1in 2,300
<1 bbl 0.0025 1in 400 0.0012 1in 840 0.0034 1in 300
19 bbl 0.0025 1in 400 0.0012 1in 840 0.0034 1in 300
1099 bbl 0.0014 1in 740 0.00067 1in 1,500 0.0019 1in 530
100099 bbl 0.00074 1in 1,400 0.00035 1in 2,800 0.0010 1in 1,000
1,000,999 bbl 0.00019 1in 5,300 0.000091| 1in 11,000 0.00026 1in 3,900
. EEO 0.000017| 1in 56,000 0.0000081| 1in 120,000 0.000023| 1in 44,000

Other Qil Inputs into the Hudson River

In addition to occasional spills, there are other chronic inputs of oil into the H&igen including oil

from non-point sources through runoff and dumping of oil. These chronic inputs cannd¢divedy
removed. The only risk mitigation measures involve the prevention or reductibesef discharges. The
estimated annual oil input to the Hudson River from non-point sources and runoff is 60,000 bbl per year.

Another source of chronic oil input is two-stroke engines (personal wateatrdfbutboard motors),
which discharge an estimated 194 bbl into the river each year. Another 1,400 bbl ofiaputsahre
attributable to operational spillage of lubricating oils from large commercial vessels.

Summary of Oil Spill Probability for Hudson River
The probabilities of oil spills based @urrent conditionsare summarized in Tabtbe4 and Figure 2 by
volume. The annual probability of a spill of each volume category is shown in Table 15.

Table 14: Annual Frequency of Oil Spills in Hudson River based on Current Conditions
Spill Volume Vessels Rail .
° (bbl) J::skel Bunkers | Transfers CBR [I):'EZ?l Facilities Total

<1 0.48 3.18 0.86 0 0 0 4.5
19 0.081 0.39 0.22 0 0.078 0.0069 0.77
1099 0.093 0.17 0.108 0 0.25 0.0026 0.62
100099 0.041 0.18 0.011 0.000001 0.029 0.0012 0.26
1,0000,999 0.024 0.12 0.0011| 0.0000029 0 0.00027 0.14
10,000£99,999 0.012 0.031 0.00012| 0.00000073 0 0.000028 0.043
100,000+ 0.0000015 0 0 0 0| 0.00000080 0.000002
Total 0.73 4.1 1.2| 0.0000046 0.35 0.011 6.36
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Expected Annual Frequency of Oil Spills in Hudson River
Expected Annual Based on Current Conditions
Frequency
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Figure 2: Expected Annual Frequency of Oil Spills in Hudson River (Current Conditions)

Table 15: Annual Probability of Oil Spills in Hudson River based on Current Condition S

Spill Volume (bbl)

Expected Annual Number of Spills

Annual Probability

<1 4.5 4 5 spills per yeat
19 0.77 1in13
1099 0.62 1inl6
100999 0.26 lin4
1,000,999 0.14 lin7
10,000+£99,999 0.043 1in23
100,000+ 0.000002 1in 500,000
Total 6.36 6 spills per year

® Note logarithmic scales.
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Potential Oil Spillage in Hudson River: Tank and Non-Tank Vessels

The commercial vessel traffic on the Hudson River is the most likely sourcespili@je on the Hudson
River. This includes both tank vessels (those carrying oil as cargo, assmeli fuel) and non-tank
vessels (those that carry oil only as bunker fuel).

Hudson River Waterborne Commerce

Vessel traffic data in terms of tonnage transported on the Hudson River overttB8 jasars (1993
through 2016) are shown in Figure 3. The overall tonnage transported on the Hudson River has
fluctuated over the 23-year time period of 1993 through 2016, averaging abontillibr8tons per year
(Table 16). During this time an average of 54% of the tonnage was petroleum (crade odfined
petroleum products), and 4.2% of this was crude oil. 2016 shows the decrease in crude oil transport.

During the 2011 through 2015 time period, there was an overall reduction in tonnage flyn6%e
previous five-year period. At the same time, there was a reduction ipataieum tonnage by 29% to
5.5 million tons per year. There was a large increase in the transport of crirdenaibne transported in
the previous five years to over three million tons annually in 2011-2015. liopseyears (1993-2010),
there were only a total of 222,000 tons of crude oil transported (Figure 4 Whilproportion of oil
(both crude and refined petroleum) as part of the overall commodities transpgriegbsel on the
Hudson River has increased from 52% (averaged over 1993 through 2009) to 62% (averagédiCover
through 2015), the overall tonnage of commodities decreased after a peak in the late 19909 (Figure 5

Waterborne Commerce in Hudson River (All Commaodities)

Spuyten Duyvil to Waterford, NY’
Short Tons (Spuyten Duyvi )
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Figure 3: Total Annual Waterborne Commerce on Hudson River (1993- 2016)

* http://www.navigationdatacenter.us/index.htm
32 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



http://www.navigationdatacenter.us/index.htm

Table 16: Waterborne Commerce for Hudson River 1993

£2016°

Annual Tonnage (Short Tons)

: % Oil
Yest Pe[c\lrglneum Crue ol Plzﬁfc;?eeudm Pe;l;gg,lﬂ Comrﬁltlndities Tonnage
1993 7,454,000 132,000 8,144,000 8,276,000 15,730,000, 52.6%
1994 7,654,000 12,000 7,666,000 7,678,000 15,332,000f 50.1%
1995 7,415,000 0 7,174,000 7,174,000 14,589,000, 49.2%
1996 8,009,000 0 7,520,000 7,520,000 15,529,000 48.4%
1997 8,017,000 62,000 9,110,000 9,172,000 17,189,000, 53.4%
1998 8,324,000 0 9,710,000 9,710,000, 18,034,000f 53.8%
1999 8,703,000 0 8,831,000 8,831,000 17,534,000f 50.4%
2000 7,605,000 0 8,828,000 8,828,000 16,433,000f 53.7%
2001 8,764,000 2,000 9,319,000 9,321,000/ 18,085,00 51.5%
2002 7,513,000 0 8,583,000 8,583,000 16,096,000f 53.3%
2003 7,477,000 3,000 9,354,000 9,357,000, 16,834,000f 55.6%
2004 7,151,000 11,000 9,747,000 9,758,000 16,909,000, 57.7%
2005 6,463,000 0 9,342,000 9,342,000 15,805,000 59.1%
2006 8,572,000 0 8,691,000 8,691,000 17,263,000, 50.3%
2007 8,047,000 0 7,597,000 7,597,000 15,644,000f 48.6%
2008 8,870,000 0 7,055,000 7,055,000 15,925,000, 44.3%
2009 6,303,000 0 7,485,000 7,485,000 13,788,0000 54.3%
2010 6,959,000 0 6,537,000 6,537,000 13,496,000, 48.4%
2011 6,423,000 36,000 5,767,000 5,803,000 12,226,000 47.5%
2012 5,648,000 1,790,000 5,894,000 7,684,000 13,332,000f 57.6%
2013 4,902,000 5,526,000 6,315,000 11,841,000, 16,743,000f 70.7%
2014 5,881,000 4,536,000 6,848,000 11,384,000, 17,265,000, 65.9%
2015 4,545,000 3,178,000 7,400,000 10,578,000, 15,123,000 69.9%
2016 6,793,000 721,000 6,585,000 7,306,000 14,099,000, 51.8%
Total 1993-2016 | 173,492,000 15,288,000f 182,917,000 198,205,000 364,904,000 54.3%
Grand Average 7,228,833 667,042 7,895,917 8,562,958 15,791,792 54.2%
Avg 1993-1995 7,507,667 48,000 7,661,333 7,709,333 15,217,000f 50.6%
Avg 1996-2000 8,131,600 12,400 8,799,800 8,812,200, 16,943,800 51.9%
Avg 2001-2005 7,473,600 3,200 9,269,000 9,272,200 16,745,800 55.4%
Avg 2006-2010 7,750,200 0 7,473,000 7,473,000 15,223,200 49.2%
Avg 2011-2015 5,479,800 3,013,200 6,444,800 9,458,000, 14,937,800 62.3%

At the same time in 2011-2015, there was a decrease in the transport of refinedipgiroducts on the
Hudson River from an average of 7.5 million tons per year to an average ofl@d tons. For the years

® Army Corps of Engineers data for Hudson River between Spiguil (Harlem River) and Waterford, NY.
® Percent of the total tonnage comprised of petroleum (crude plus rpétreteum).

" Excludes petroleum coke and liquefied hydrocarbons, which are excludiisfstudy is that these substances are
not included in the definitions of persistent and non-persistent ol 88 CFR 155.1020. These commodities are

included in the total commodities.
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2013 through 2015, the total amount of petroleum transported increased abruptly by 38%6. Of
petroleum transported, the percentage of crude oil was 47% in 2013 but then dropped to280%, by

and to less than 10% by 2016. During these years, total tonnage of commodities gdrsmbihcreased

by 19% from the previous five-year period, but was roughly equivalent to the average tonnage transported
during the early 2000s. The reduction during 28082 may be attributable to the overall economic
conditions at the time.

Waterborne Commerce in Hudson River by Commodity Type

Short Tons (Spuyten Duyvil to Waterford, NY)
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Figure 4: Annual Waterborne Commerce on Hudson River by Commaodity Type

Average Annual Waterborn Commerce on Hudson River
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Figure 5: Average Annual Waterborne Commerce on Hudson River by Commodity Type
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Vessel Trip Transit Analysis

Vessel trips (or transits) up and down the river for the years 1994 througha28 Ehown in Figure 6 for
all commodities and Figure 7 by commodity type. Overall, the trips that involvedmjlng tank vessels
averaged 12.6%. In the years 2013 through 2016, the percentage averayed 15.7

Trips Vessel Transits on Hudson River (All Commodities)
Upbound + (Spuyten Duyvil to Waterford, NY)
Downbound
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Figure 6: Annual Vessel Transits on Hudson River (All Commaodities)

Trips Vessel Transits on Hudson River (By Commodity Type)
Upbound + (Spuyten Duyvil to Waterford, NY)
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Figure 7: Annual Vessel Transits on Hudson River by Commodity (1994- 2015)

8 Data for 1993 were not available.
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It is important to bear in mind that the tank vessels are only filléd @i on half of their trips. Loaded

trips by tanker and tank barge are shown in Figure 8. Tanker trips have decmeesedsgh in 1994 to

1995. Tank barge trips have increased again in the last few years after a significant drop in 2010 to 2012.
In the mid-1990s, 10% to 17% of the tank vessel trips involved tankers. By 139Rathshifted to an
average of 3% tankers with 97% of the trips involved tank barges, generally iortheff articulated

tank barges (ATBs) or individual pulled tank barges. Annual vessel trip data are shown in Table 17.

Table 17: Vessel Trips on Hudson River Spuyten Duyvil (Harlem River) to Waterford, NY

Transits (Upbound & Downbound) Loaded Oil Tank Vessel Transits

vear Non-Oil Oil Tanker Og;rzr;k Total Tanker ;ZPQIL Total
1994 12,643 380 1,799 14,822 190 900 1,090
1995 13,426 327 1,902 15,655 164 951 1,115
1996 15,539 228 2,062 17,829 114 1,031 1,145
1997 14,663 103 2,409 17,175 52 1,205 1,256
1998 21,578 91 2,426 24,095 46 1,213 1,259
1999 19,780 43 2,090 21,913 22 1,045 1,067
2000 20,690 62 2,244 22,996 31 1,122 1,153
2001 17,783 88 2,279 20,150 44 1,140 1,184
2002 14,330 63 2,154 16,547 32 1,077 1,109
2003 21,746 108 2,292 24,146 54 1,146 1,200
2004 16,001 83 2,551 18,635 42 1,276 1,317
2005 15,523 68 2,566 18,157 34 1,283 1,317
2006 25,881 64 2,438 28,383 32 1,219 1,251
2007 18,483 63 2,461 21,007 32 1,231 1,262
2008 15,893 79 2,346 18,318 40 1,173 1,213
2009 15,078 116 2,349 17,543 58 1,175 1,233
2010 14,922 31 1,872 16,825 16 936 952
2011 13,334 91 1,527 14,952 46 764 809
2012 12,281 13 1,883 14,177 7 942 948
2013 12,262 63 2,445 14,770 32 1,223 1,254
2014 13,225 95 2,479 15,799 48 1,240 1,287
2015 13,261 64 2,460 15,785 32 1,230 1,262
2016 12,961 27 1,993 14,981 14 997 1,010
Total 1994-2016 371,283 2,30 51,027 424,660 1,175 25,514 26,689
Grand Average 18,463 102 2,219 18463 51 1,109 1,160
Avg 1994-1995 13,035 354 1,851 15,239 177 926 1,103
Avg 1996-2000 18,450 105 2,246 20,802 53 1,123 1,176
Avg 2001-2005 17,077 82 2,368 19,527 41 1,184 1,225
Avg 2006-2010 18,051 71 2,293 20,415 36 1,147 1,182
Avg 2011-2015 12,873 65 2,159 15,097 33 1,080 1,112
Avg 20132016 12,27 62 2,461 15334 31 1,172 1,203
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Trips Loaded Tank Vessel Transits on Hudson River
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Figure 8: Annual Loaded Tank Vessel Transits on Hudson River (1994- 2016)

The total number of loaded oil trips averaged 1,161 per year, or about three per dathdiNbere were
seasonal variations in this.) The number of trips has fluctuated around theareedigh of 1,262 and a
low of 809. The number in 2015 is the same as in 2007 (Figure 9).
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Figure 9: Loaded QOil Tank Vessel Transits on Hudson River (1994-2016)
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A comparison between the annual number of loaded tank vessels carrying oil on the Rivds@nd
the average number of tank vessels (1994-2016) is shown inTi&able

Table 18: Comparison between Annual and Average Tank Vessel Transits
Year Tanker Tank Barge Total Tank Vessel
Transits Transits/Average | Transits Transits/Average | Transits Transits/Average

1994 190 268.6% 900 -19.4% 1,090 -6.6%
1995 164 217.6% 951 -14.8% 1,115 -4.5%
1996 114 119.6% 1,031 -7.6% 1,145 -1.9%
1997 52 -2.0% 1,205 8.1% 1,256 7.7%
1998 46 -13.7% 1,213 8.8% 1,259 7.9%
1999 22 -60.8% 1,045 -6.3% 1,067 -8.6%
2000 31 -43.1% 1,122 0.6% 1,153 -1.2%
2001 44 -17.6% 1,140 2.3% 1,184 1.5%
2002 32 -41.2% 1,077 -3.4% 1,109 -5.0%
2003 54 2.0% 1,146 2.8% 1,200 2.8%
2004 42 -21.6% 1,276 14.5% 1,317 12.9%
2005 34 -37.3% 1,283 15.1% 1,317 12.9%
2006 32 -41.2% 1,219 9.4% 1,251 7.2%
2007 32 -41.2% 1,231 10.5% 1,262 8.2%
2008 40 -25.5% 1,173 5.2% 1,213 4.0%
2009 58 9.8% 1,175 5.4% 1,233 5.7%
2010 16 -72.5% 936 -16.1% 952 -18.5%
2011 46 -13.7% 764 -31.6% 809 -30.8%
2012 7 -90.2% 942 -15.6% 948 -18.9%
2013 32 -41.2% 1,223 9.7% 1,254 7.5%
2014 48 -9.8% 1,240 11.3% 1,287 10.3%
2015 32 -41.2% 1,230 10.4% 1,262 8.2%
2016 14 -76.5% 997 -10.6% 1,011 -13.4%

Types of Vessels in Hudson River

The US Army Corps of Engineers Waterborne Commerce vessel trip data for th2Og&afor the
Hudson River (north of Spuyten Duyvil) were analyzed to determine the numbers o$ \Bssgle and
draft category, as summarized in Table ([9ote that tank barges, such as those that carry oil, are
FRQVLGHUUES UR KO O HGDaWmIaN kessél humbers are shaded in red, shallow-draft
vessels are in green. This year was selected for the data as it refresgatsel traffic that was typical

of the years 2013-2015, before there was a 20% reduction in oil tank vesseldsaffiese were the data

to be used for determining vessel casualty rates.

The most common type of vessel is a shallow dry cargo ship. Sixteen percentrggsttevolve tank

vessels. The percentages of the various types of vessels are shown in Tablke 2@nmary of vessel
types by draft and type is shown in Table 21. Less than 2% of the vessels thathisapaitt of the river

are foreign-flagged. About 91% of the transits are of shallow-draft vessels (14 feet or less).
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Table 19: 2015 Vessel Traffic by Type/Draft for Hudson River (Spuyten Duyvil to

Waterford)
Upbound Trips Downbound Trips
D(rﬂa)ft T8ta| - Self-PropeIIedTOW I;c:;-PropeIled Total — Self-PropeIIedTOW l;c:;-Propelled
p Cargo Tanker Tug | Cargo Tanker | Down Cargo Tanker Tug | cargo Tanker
C';rlgg? 7,892 | 3,987 32| 1,201| 1,442 1,230| 7,893 | 3,988 32| 1,200 1,443 1,230
FOREIGN

Total 136 104 32 0 0 0 143 111 32 0 0 0
37 0 0 0 0 0 0 0 0 0 0
36 1 0 0 0 1 0 1 0 0 0
33 2 0 0 0 0 0 0 0 0 0
31 1 0 0 0 0 0 0 0 0 0 0
30 25 22 3 0 0 0 7 7 0 0 0 0
29 3 3 0 0 0 15 2 13 0 0 0
28 4 2 0 0 0 5 3 2 0 0 0
27 2 0 0 0 0 5 1 0 0 0
26 7 0 0 0 0 14 14 0 0 0 0
25 23 7 16 0 0 0 13 8 5 0 0 0
24 12 11 1 0 0 0 14 12 2 0 0 0
23 11 9 2 0 0 0 14 12 2 0 0 0
22 19 19 0 0 0 0 15 11 4 0 0 0
21 9 7 2 0 0 0 9 8 1 0 0 0
20 4 4 0 0 0 0 6 6 0 0 0 0
19 3 3 0 0 0 0 6 6 0 0 0 0
18 3 3 0 0 0 0 6 5 1 0 0 0
16 1 1 0 0 0 0 3 3 0 0 0 0
15 0 0 0 0 0 0 5 5 0 0 0 0
14 0 0 0 0 0 0 4 4 0 0 0 0

DOMESTIC (US-FLAGGED)

Total 7,756 | 3,883 0| 1,201 | 1,442 1,230| 7,750 3,877 0| 1,200| 1,443 1,230
30 8 0 0 0 0 8 0 0 0 0 0 0
29 0 0 0 0 0 0 21 0 0 0 0 21
28 4 0 0 0 0 4 10 0 0 0 0 10
27 0 0 0 0 0 0 1 0 0 0 1 0
26 0 0 0 0 0 0 30 0 0 0 15 15
25 0 0 0 0 0 0 5 0 0 0 5 0
24 14 0 0 0 0 14 42 0 0 0 2 40
23 48 0 0 0 0 48 18 0 0 0 2 16
22 109 0 0 0 0 92 105 0 0 0 4 101
32 53 0 0 0 0 53 18 0 0 0 3 15
20 117 0 0 0 17 100 41 0 0 0 17 24
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Table 19: 2015 Vessel Traffic by Type/Draft for Hudson River (Spuyten Duyvil to

Waterford)
Upbound Trips Downbound Trips
D(rﬂa)ft TStaI - Self-PropeIIedTOW I;?-Propelled Total — Self-PropeIIedTOW l;(:;-Propelled
p Cargo Tanker Tug | Cargo Tanker | Down Cargo Tanker Tug | cargo Tanker
19 50 0 0 18 27 5 26 0 0 16 2 8
18 72 0 0 2 7 63 17 0 0 3 4 10
17 63 0 0 16 2 45 32 0 0 23 2 7
16 93 0 0 75 3 15 100 0 0 75 21 4
15 40 0 0 17 0 23 29 0 0 18 2 9
14 49 0 0 4 0 45 12 0 0 5 3 4
13 92 0 0 83 3 6 33 0 0 31 2 0
" 6,944 | 3,883 0 986 | 1,366 709 | 7,210| 3,877 0| 1,029 | 1,358 946
Table 20: 2015 Percentages of Vessels by Draft and Type
Vessel Type Number Percent Total
Dry Cargo Ship (Shallow) 7,764 49.2%
Dry Cargo Barge (Shallow) 2,732 17.3%
Tow/Tug (Shallow) 2,138 13.5%
Tank Barge (Shallow) 1,710 10.8%
Tank Barge (Deep) 750 4.8%
Tow/Tug (Deep) 263 1.7%
Dry Cargo Ship (Deep) 211 1.3%
Dry Cargo Barge (Deep) 153 1.0%
Tanker (Deep) 64 0.4%
Table 21: 2015 Deep/Shallow Draft Trips in Hudson River (Spuyten Duyvil to Waterford)
DeepDraft (>14 ft) Shdlow-'UDIW ” W
Vessel Type Upbound + Downbound Trips Upbound + Downbound Trips (_EI_:?{';?
Foreign Domestic Total Foreign Domestic Total
Dry Cargo Ship 211 0 211 4 7,760 7,764 7,975
Tanker 64 0 64 0 0 0 64
Tow/Tug 0 263 263 0 2,138 2,138 2,401
Dry Cargo Barge 0 153 153 0 2,732 2,732 2,885
Tank Barge 0 750 750 0 1,710 1,710 2,460
Total 275 1,166 1,441 4 14,340 14,344| 15,785

Types of Oil Spills from Vessels
There are several types of vessel-related oil spills that could conceivably occurnipcnds caused by:
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Impact accidents (groundings, collisions, and alliSipns
Operational errors during transit;

Equipment malfunctions;

Structural failures (e.g., crack in hull);

Operational errors during fuel or cargo transfers; and
Intentional dumping.

X X X X X X

Each type of incident has a different probability of occurrence and a different priybdistiibution of
potential spill volumes.

Relationship between Vessel Casualties and Spills

Vessel accidents or casualties present the potential for the loss of human life, hjomgn i
environmental damage, and socioeconomic damage. It is important to remember that iforoader
significant spill to occur, a number of sequential events need to occur (Figure 10

12 E 18" Probability of vessel accident,
Accident failure, or operational error

Probability that vessel tanks
(cargo/fuel) or transfer hoses
involved in accident

Probability of spillage from
vessel tanks or transfer hoses

Spill volume frequency
distribution based on outflow

Figure 10: General Approach to Calculating Probabilities of Vessel Spills

Each of these events has a probability and the probability of the finals#aweotst-case discharge (or
large spill) with significant impactés the product of all of those probabilities. (The probabilities are
multiplied together.) The sequence of events, each with different probabilities, is:

1. A situation that could cause an accident occurs (e.g., two vessels encounter eachpmber i
visibility; a vessel operator makes an error in judgment; or a mechamdfainction occurs in a
vital vessel system, such as steering).

° The difference between an allision and a collision is that for an allisiorcto one of the two objects needs to be
stationary, and in a collision, both objects are moving. Two vesseistion may collide with each other. A vessel
in motion may allide with a pier or another vessel that is stationary.
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2. The vessel operator(s) fail to make a corrective maneuver or otherwisetdbe situation to
avoid a failure, so that the accident occurs.

3. The accident has to be of sufficient magnitude to cause damage to the vessel(s).

4. The vessel has to be sufficiently damaged to cause a breach in the céogduahbunker tanks
(through double hulls);

5. The vessel (if a tanker) has to be in a loaded state rather than in ballast;

6. The damage to the tank(s) need to be great enough to cause large quantitieof(dhealfyel
and/or oil cargo to escape into the water;

7. The wind, weather, and current conditions have to be such that the spilledraiisigorted to
environmental/natural and/or socioeconomic resources that are the most vulnerable; and

8. The timing of the incident needs to such that these resources at theisthiginerability (e.g.,
during bird nesting season, sturgeon spawning, or tourism season).

The probabilities of each of these events will largely be based on the parttalmstances of each
spill scenario. The overall approach to calculating the probability of aasgilthe volume of that spill is
summarized in Figure 11.

VESSEL TYPE -
and SIZE | PROBABILITY OF
- ACCIDENT
TYPE OF
ACCIDENT
AUSE
(AU ™1y proBaeiLITY OF
— OUTFLOW WITH
SEVERITY OF I-’ ACCIDENT
ACCIDENT *
PROBABILITY
PROBABILITY OF OF SPILL
OUTFLOW
VOLUME
VOLUME OF
OUTFLOW

Figure 11: General Approach to Vessel Spill Analysis

Vessel Casualty Rates for Hudson River

Available historical data for vessel casualties in the Hudson River atedyfor the years 2002 through
2015 indicate that there were 162 vessel casualties involving commercial viE8s#lsyhich resulted in
spillage. There were also 21 spill incidents that were not attributed to aatdparasualty (accident or
vessel failure). These were assumed to be minor spills. The locatiomsio€itents are shown in Figure
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12. A more breakdown of the incidents is shown in Tabl&’ Zhe same data were used to calculate
spillage rates (spills/incident) (Table)2®n average, only 6.4% of vessel casualties result in oil spillage.

Figure 12: Locations of Vessel Casualties/Groundings in the Hudson River (2002-2015)

11

% Data on recreational vessel incidents were not included; there is a separate ahadgsémtional vessel spillage.
1 USCG Marine Information for Safety and Law Enforcement (MISL&adfor late 2001 through mid-2015). All
reported casualties on left; groundings only on right.
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Table 22: Commercial Vessel Casualties in Hudson River Study Area (2002- 2015)
Incident Number by Vessel Type
Casualty Type Tank Tanker Cargo Freight | Industrial | Towing | Passenger
Barge Ship Barge Vessel Vessel Ship
Allisions 5 1 1 7 1 7 15
With Spill 0 0 0 0 0 0 1
No Spill 5 1 1 7 1 7 14
Collisions 0 0 0 2 0 0 0
With Spill 0 0 0 0 0 0 0
No Spill 0 0 0 2 0 0 0
Grounding 10 2 4 2 7 2 5
With Spill 2 1 1 0 0 0 0
No Spill 8 1 3 2 7 2 5
Equipment Failure 0 0 1 0 0 2 5
With Spill 0 0 0 0 0 0 0
No Spill 0 0 1 0 0 2 5
Fire 0 0 0 0 0 3 1
With Spill 0 0 0 0 0 0 0
No Spill 0 0 0 0 0 3 1
Structural Failure 8 0 7 7 3 34 13
With Spill 2 0 1 0 0 1 0
No Spill 6 0 6 7 3 33 13
All Casualties 23 3 13 18 11 48 40
With Spill 4 1 2 0 0 1 2
No Spill 19 2 11 18 11 47 38
Spill s#No Casualty* 3 1 1 5 0 6 5
Table 23: Commercial Vessel Spills per Casualty in Hudson River Study Area (2002- 2015)
Spill Rate (Spills/Incident) by Vessel Type
CossatoPe | o [ ranker | oo [ oot [ et [ e | Toee | rom
Allisions 0.000 0.000 0.000 0.000 0.000 0.000 0.067 0.027
Collisions - - - 0.000 - - - 0.000
Grounding 0.200 0.500 0.250 0.000 0.000 0.000 0.000 0.125
Equip Failure - - 0.000 - - 0.000 0.000 0.000
Fire - - - - - 0.000 0.000 0.000
Struct Failure 0.250 - 0.143 0.000 0.000 0.029 0.000 0.056
All Casualties 0.174 0.333 0.154 0.000 0.000 0.021 0.050 0.064

Based solely on these data for the Hudson River study area, paired with correspgeas@hgransits (as
in Table 19 through Table 21), the per-transit casualty data was calculated adrsfi@able 24. Freight

12 gpills reported with no precipitating cause related to a casualty (accidentm)fail
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barges were combined with industrial vessels. Passenger ships were not inclbdeg asrie no reliable
data on passenger ship transits. The annual casualty rates are shown in Table 25.

Table 24: Per-Transit Casualty Rates for Hudson River Study Area (2002-  2015)
Per-Transit Casualty Rate
vessel Equip Structural Any Minor
T e . . . . . .
yp Allision Collision | Grounding Failure Fire Failure | Casualty'® Spill
-El;zrr]gl;e 0.00015 0.00 0.00030 0.00 0.00 0.00024 0.00069| 0.000090
Tanker 0.0012 0.00 0.0023 0.00 0.00 0.00 0.0035 0.0012
gﬁ{go 0.0000093 0.00| 0.000037| 0.0000093  0.00| 0.000065/ 0.00012| 0.0000093
E';g:t 0.00021| 0.000051 0.00023 0.00 0.00 0.00026 0.00075 0.00013
\T/Z\évslg? 0.00022 0.00 0.000062| 0.000062| 0.000093 0.0010 0.0015 0.00019
Average 0.00036| 0.000010 0.00059| 0.000014| 0.000019 0.00031 0.0013 0.00032
Table 25: Annual Casualty Rates for Hudson River Study Area (2002-  2015)
Vessel Annual Casualty Rate (Annual Probability)**
- . . Equip . Structural Any Minor
Type
yp Allision Collision | Grounding Failure Fire Failure Casualty’s Spill
Tank 0.37 0.74 0.59 1.7 0.22
Barge (Lin 2.7) 0001 (1 in1.4) 0.00 0001 (1in1.7)| (1in0.56)| (1in 4.5)
0.074 0.15 0.22 0.074
Tanker (1in 14) 0.00 (1in6.8) 0.00 0.00 0.00 Linds)| (in1d)
Cargo 0.074 0.00 0.30 0.074 0.00 0.52 0.96 0.074
Ship (1in 14) ' (1in3.4)| (1in14) ' (1in1.9)] (1in1.04)| (Lin14)
Freight 0.59 0.15 0.67 0.00 0.00 0.074 2.1 0.37
Barge (1in1.7)] (1in6.8)] (1in1.5) ' ' (1in14)| (1in05)| (1in2.7)
Towing 0.52 0.00 0.15 0.15 0.22 2.5 3.6 0.44
Vessel (1in 1.9) ' (1in6.8)] (1in6.8)| (1in4.5)| (1in0.4)| (1in0.28)| (1in2.3)
Any 1.6 0.15 2.0 0.22 0.22 4.4 8.6 1.2
Vessel (1in0.6)] (1in6.8) (1in05)| 1in45)] (1in45)] (1in0.23)| (1in0.12)| (1in0.8)

7KH FDVXDOW\ UDWHV WKDW DUH 3 " LQGRRDWRFR®O\GXKD®JWKH
period of 2002 through 2015. This does not indicate that it would be impossible for such an event to occur
(e.g., for there to be a tank barge collision). This is the major liomtat using such a small data set.

Extending the casualty data to a larger time frame would not take into ateeumprovements in safety

in operations that has been observed in the maritime industry in the last 20 ysmar€asualty rates per

vessel transit are useful for making predictions for future rates whem itieey be different levels of

traffic than there are currently. The rates in Table 25 are based on 2015 Hudson Riveraigsskita.

13 Excludes minor spills not otherwise associated with a casualty.

14 When the annual frequency is greater than 1.0, the probasilitin a number less than 1. For example a 1 in 0.5
chance, means that there are likely to be two incidents per yeag every 0.5 year (six months), on average.

15 Excludes minor spills not otherwise associated with a casualty.
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Factors Affecting Hudson River Vessel Casualtie  s: Ice

Each waterway has features and conditions that affect the likelihood of aeracétdr the Hudson
River, ice is one of those factdfsice can affect vessel casualty probabilities in several ways. First,
floating ice can cause damage to vessels, though this is generally limisgdeaoitebergs, at least for
deep-draft vessels. However, smaller vessels might be damaged by ice. Theemkgrralso creates

the potential for casualties when vessels are stuck or are inhibited in their movements.

Ice season on the Hudson River generally runs from about 12 December through 31 Marahebut
VRPHZKDW HDFK \HDU 7KH 86&* U HSRIEM26ILE durivg theRadtE WMinfeR Weélisl© DV R
of concern because it hinders vessel transits. In addition, aids to navigation mayeled cand/or

unreliable in areas impacted by ice. Ice conditions vary annually, but, as an example, tiensoit5

February 2017 were as shown in Tabeand Table27.

Table 26: Ice Conditions by Section on Hudson River on 15 February 2017

Location Ice Type Form Thickness Coveragée’

George Washington Bridgé® | None - - -

Tappan Zee to West Point None - - -

West Point to Newburgh Drift Brash 2% inches 40%
Newburgh to Poughkeepsie Drift Brash 2% inches 75%
Poughkeepsie to Kingston Drift Brash 2% inches 75%
Kingston to Catskill Fast Brash 6 B inches 90%
Catskill to Albany*® Fast Brash 6 8 inches 40%

Table 27: Ice Conditions at Choke Points on Hudson River on 15 February 2017

Location Ice Type Form Thickness Coverage
West Point Drift Brash 25 inches 50%
Crum Elbow Drift Brash 1042 inches 90%
Hyde Park Anchorage Drift Brash 6 B inches 90%
Esopus Meadows Drift Brash 25 inches 40%
Silver Point Drift Brash 25 inches 40%
Hudson Anchorage Drift Brash 25 inches 40%
Stuyvesant Anchorage Drift Brash 25 inches 30%

$UHDV RI WKH +XGVRQ 5LYHU QRUWK Rl 6SX\WHQ DUMDO WZHDEIWK D
respect to ice are identified as (Figure ¥3):

x Port of Albany to Troy Locks (Albany, NY, to Troy, NY);
x :RUOGTV (QG +XGVRQ +LJKODQGV QHDU :HVW 3RLQW 1<

16 See also Appendix B, and Appendix A in HROSRA Volume 1 (definitibufierent types of ice).
" The percentage of water surface covered by ice to the total surface asgadifialocation.

18 All locations south of the George Washington Bridge were likewise open.

19 ocations above Albany to Troy were not observed.

2 sourceSector New York 2016-2017 Ice Breaking Season.
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X Crum Elbow (near Hyde Park, NY);
x Silver Point (near Alsen, NY); and
X Middle Ground Flats (near Hudson, NY).

~ {
Portfof Albany,
5
b

Middle Ground; Elats
-5

$SilvergPoint
oo

Crum Elbow.

L orld's End

39.0mi

| BN JRRN| L ) 1

Figure 13: Ice Problem Areas on Hudson River

There are no reliable data on the effect of the presence of ice on the likelihood of vessadsualt
just be noted that there will be times of the year where there may be problems associatedAtithéce
same time, the vessel traffic may be reduced at these times as well, decreasing the likelihood ag

Factors Affecting Hudson River Vessel Casualties: Fog and Visibility

Fog is a common occurrence in the Hudson River Valley particularly within &ddeve prior to sunrise.

Generally, the fog clears up within a few hours after suftidéie Hudson River Valley has specific
FRQGLWLRQV WKDW SURPRWH WKH IRUPDW LKRH VRX ZE XOGIN Q WHBKD €D

2L Cushing 2016.
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surface layer and controls of heat and moisture advection produced by nocturnal boundalgwayer f
This type of fog is particularly difficult to prediét.

Fog events in the Hudson River occur most frequently during the warm seasdrs rfiday through
October) and are tied to radiational cooling effects within the planetary bouaglar§’ Fog events may
also occur in the later fall and winter, when they may last all day. Thesistpet fog events tend to be
thickeraup to as much as 150 feet. Patchy fogs occur when the thickness is less than 60 feet.

Fog poses a navigational hazard due to limited or significantly reduced tyisibiiere may be errors in
navigation leading to groundings and collisions. During periods of fog-relatediysibsues, vessels
must proceed at a reduced rate of speed and sound appropriatedsaiisagsrd gongs, if anchored, and
fog horns if underway.

In the 2015 Hudson River US Coast Guard Waterways Analysis and Management System GMAMS),
ZDV QRW HMGteWidDugérs almost unanimously agreed that the fog, ice, and snow continue to
FRPSOLFDWH QDYLJDW L RMistlagd MyHer fog InQr&sdesJthe FEiNddd\of collisions by
nearly three times. Thick fog has been shown to increase the likelihood of collisions by 59 times.

Visibility can also be affected by blind curves in the river. There are a nwhlieese locations on the
Hudson River where visibility is compromised even in otherwise clear-weather situationdingcl

Saugerties Lighthouse (Figure)14

Jones Point (Haverstraw Bay);

Bear Mountain Bridge; and

&RQVWLWXWLRQ ,V@iguea). :RUOGTV (QG

X X X X

Saugerties Light

Figure 14: Blind Curve at Saugerties Light

2 Fitzjarrald and Lala 1989.

%] ee 2015.

#SCG performs a WAMS for the Hudson River every five years, andevieethey establish a federal anchorage.
%5 Lewison 1980; Det Norske Veritas 1999; Det Norske Veritas 2011b.
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"0 World's End

BearMountain

Figure 15: Hudson Highlands Blind Curve Locations

According to several vessel casualty studies, poor visibility due to fog (er faittors such as blind
curves) increases the frequency of collisions by a factor of nearly $eVée. increase in collision
frequency would apply during periods of fog and in locations with blind curves.

Factors Affecting Hudson River Vessel Casualties: Close Quarters
The Hudson River becomes narrower north of Kingston, especially north of Gewnaiithis generally
limits larger vessel traffic to single lanes of traffic.

At Catskill, the river narrows to about a quarter-mile width. Just northtloérss, the width is 0.2 mile.
There are several other locations northward that are narrower thamnthading the Port of Albany
where the river has a width of about 0.13 miles. The channel for deepevatrsdls is roughly half of
that width.

In addition, there are a number of locations that may temporarily present closersgfiar vessel
passings, such as the bridge construction in the Tappan Zee. Occasional comgiraEcts, regattas, or
other activities may also present an increased risk for vessel accidemts&sstlia of passing in close
guarters also presents itself with the proposed anchorages, as discussed below.

% Lewison 1980; Det Norske Veritas 2011b; Det Norske Veritas 1999.
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Collisions are more frequent in narrower rivers. In one series of studies, it was found tlesithav are
less than 0.3 mile wide, the collision rate is 4.2 times that of wider riverl(6.8iles wide). For wider
estuaries (wider than 1.6 miles), the collision rate is significantly Ietiki0% of the collision rate of
wide rivers and 7% of the collision rate of narrower rivéiswould be logical to assume that collisions
are much more likely to occur in narrower parts of the Hudson River.

Factors Affecting Hudson River Vesse | Casualties: Lack of VTS and TSS

The purpose of a Vessel Traffic Service (VTS) is to provide active monitoring and navigationalfadvi
vessels in particularly confined and busy waterways. Traffic separation sche®®saf€ used in busy
waterways, often in conjunction with VTS, to reduce accidents. There is currently noov&fng the
Hudson River above the Holland Tunnel in lower Manhattan. The area of operation§Soorivthe
Hudson River does not extend into the study area. It is limited to the areas shown in Figure 16.

(i
0
3
2
o
5
Z
o
)
O%D
DQ

7 CHANNEL14 AREA SHOWN IN YELLOW

B8

CHANNEL12 AREA SHOWN IN GREEN

Figure 16: Area of Operations for Vessel Traffic Service New York 2?8

Besides anecdotal evidence that VTS is effective in reducing accidents and sezs;thiere are risk
models that quantified the benefits. For example, one analysis has determined thgboddasibility,
VTS can reduce collisions by 19%. Under poor visibility conditions, the reductisiigigly higher+

27 ewison 1980; Det Norske Veritas 2011b; Det Norske Veritas 19909.
2830urce:86 & RDVW *XDUG 9HVVHO 7UDIILF 6 HRe&VideH BUIM20Z0.<RUN 8VHUYV 0ODQXD (
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20%2 Traffic separation schemes (TSS) have been shown to reduce head-on collisions agd39%
crossing collisions by 1498.0Other studies have found considerably higher risk reduction factors of two
to three®! The actual effectiveness depends on the patterns of vessel traffic and watenigay atiori>?

By not having VTS and TSS, the Hudson River does not have this advantage of risk réduction.

Pilotage in the Hudson River

Pilotage is another factor that can have a significant effect on the redeuities. Compulsory pilotage
decreases vessel casualties by at least*%¥he regulations regarding pilotage in the US and in the
Hudson in particular are presented in Appendix C.]

The Hudson River Pilots Association has three Full Branch and two Deputy Pilots workitige
Hudson River. In addition, there are five Sandy Hook Pilots licensed for the lkdwgson River as
Transport Pilots, available to assists the Hudson River Pilots Associdtiong periods of increased
vessel activity. Records of the Board of Commissioners of Pilots ddttite of New York indicate that
pilots were assigned to vessels on the Hudson River as shown in Table 28.

Table 28: Hudson River-Licensed Pilot Assignments by Year
Year Ship Assignments Pilots Ship Assignments/Pilot
2008 878 8 110
2009 718 7.5 96
2010 520 7 74
2011 480 6 80
2012 514 6 86
2013 656 6 109
2014 626 6 104
2015 560 6 94
2016 562 8 70

In records of the Board of Commissioners of Pilots of the State of New York on vessel casudlties f
years 2010 through 2017 (excluding the year 2015, as the Annual Report is not available) with regard to
vessel incidents are summarized in TableT2@® safety record for piloted vessels is very good. Overall,

for the ship assignments during 2010 through 2016, 3.4% had vessel incidents. Of those incidents, 61%
were found to involve no fault on the part of the state pilot, and in 33% of the incidentsotheagihot
actively involved in piloting at the time of the accident.

2 Fowler and Sgrgérd 2000.

30 przywarty 2009a, 2009b, based on MacDuff 1974.

%l Reviewed in Larsen 1993; USCG 1993.

32 NRC 1993; Young 1994; Young 1995.

% This issue is discussed further in HROSRA Volume 6.

34 Lewison 1980; Det Norske Veritas 2011b; Det Norske Veritas 1999.
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Table 29: New York Pilots Vessel Incidents *
Total Board Actions/Findings

Year Nu.mber ol\rllonarl':“c:f Sti\;et ZtIIOt Under License | Disciplinary Letter of

Incidents State Pilot | Controls® Investigation | Revoked Hearing Caution
2010 17 11 6 0 0 0 0
2011 14 6 8 0 1% 0 0
2012 19 11 7 1% 0 1% 0
2013 15 11 2 1 0 10 1
2014 27 19 6 2 0 0 0
2015 n/a n/a n/a n/a n/a n/a n/a
2016 22 11 9 2 0 0 0

Crew Fatigue and Training

Fatigue and training are other issues that have been considered with regard togheessgil accidents.
There is no particular reason to attribute greater issues of crew fatigueizmg in the Hudson River
relative to other locations. However, changes in regulations regarding crew endusanbava been
helping to decrease accidents from those seen in previous decades. [See also Appendix D.]

Historically, most transportation accidents are attributed to human error. There d@pear at this
time, a definitive indication of an industry wide crew fatigue problem. On the other ihcidénts
attributed to operator or personnel error due to fatigue do from time ¢oatiiee. One such incident
occurred on the Hudson River on 12 March 2016. The incident involved tigpaaiplistat the Tappan
ZeeBridge, Pier 31n Tarrytown, New York. Three fatalities occurred in this incident.

7KH 1DWLRQDO 7UDQVSRUWDWLRQ 6DIHWCAGRMDERB)G dated Mayrs, UHSRU
2017, found that the3 probalde cause of the collision and sinkig of the Specialist was inadequate
manning,resultingin fatigued crewmembers navigatingeh tugboats with obstructed visibility dde

thesize of thecrane on the barge they were towing and the location of the tugbtmtgside the barge”

The NTSB report included the following information:

3 $ F g to statements and evidencerewmembers aboard the Specialist and thaliRehad
likely notreceived more than & hours of umterrupted sleepin at least 3 daykeadingup to the
accicert. In additionto extended wakefulness or chrosieep restriction, thecrew was dealing
with advese weather conditionsstrong waterway currents, and restrictedsifility, which

% Based on data in Board of Commissioners of Pilots of the State of NekvAvmual Reports. No report was
available for the year 2015.

% This means that either the Pilot was not steering (very rarely steerg)ugr oo the bridge or not actively piloting
the vessel at the time of the incident; it could be a dispute between Pilot ated, Maslaster deciding to pilot his
vessel himself.

37 Not related to specific vessel incident; based on violation of Board regulations.

3 |nvestigation for grounding of T/\Btena PrimorskThis case was finally found to have no fault on part of the
State Pilot.

39 Not related to specific vessel incident; pilottraining resigned.

0 Not related to specific vessel incident.
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increased their overall workload and the demaadsheir attention, thus compounding the effects
of fatigue. Researdmdicates that performance cost&ntly cedinesbeyond 2 hours of continued
moniring or vigilance, and thatit is difficult to perform at a safe level after 88 hours
of continuous vigilancé&. Attention starts to wane when fatigue sefs i’

There are various studies and ample anecdotal evidence that indicate or suggeptdkiatnents in the
training of marine vessel crews decrease the likelihood of vessel casuaiaig to the reduced incidence

of human erroré? The most noteworthy changes in vessel crew training came with the implementation of
the International Convention on Standards of Training, Certification, and Watchkeeping fare&eaf
(STCW 1978). This convention, which set qualification standards for masters, syffasest watch
personnel on seagoing merchant ships, first entered into force in 1984 witicaignifimendments in
1995 that entered into force in 2002 (STCW 1995); additional amendments entered into force in 2012.

Proposed Increased Anchorages for Hudson River

Since 2015, there has been great public concern about a proposal for establishing adddimralyes
for tank vessels and cargo vessels on the Hudson River. This issue is explohgdhdmééh with regard
to where these anchorage could potentially affect the likelihood of spill.

In 2015, the USCG Sector New York issued Marine Safety Information BulletirB M&E015-014),
3+XGVRQ 5LYHU $QFKRILDIUHVYSBRRYBWR 3UHSRUWV RI FRPPHUFLDO
barges, FKRUHG RXWVLGH GHVLJQDWHG DQFKRUDJH DUHDV DORQJ W

In this bulletin, mariners were instructed that, as per 33 CFR 8110.155(1)(2), sgeclmrtside of
designated anchorage grounds is impermissible except in cases of emergency, and drlyetlvessel
operator contacts a designated official to inform them of the emergencyndgautch action, vessel
operators are exposed to civil penalties of up to $40,000. As a result, marinexslf@aiee of continuing
on until poor conditions deteriorate to emergency status, or face civil penaliésionally, lack of
designated anchorage grounds results in greater potential for vessels to anchor in se@sitive a

According to 33 CFR 8§110.155(1)(2), the only approved anchorages on the lower Hudso@rBi
Anchorage No. 18! Anchorage No. 17 Anchorage No. 18;*® Anchorage No. 18’ Anchorage No. 19
East?® and Anchorage No. 19 Wé%(see also Figure 17 and Figuré.18

*L Richter et al. 2005.

*2\Wang and Zhang 2000; Grabowski 2013.

*https://homeport.uscg.mil/cgi-bin/st/portal/uscg_docs/MyCG/Editorial/l20151109/MSIB

Hudon%20River%20Anchorage 2.pdf?id=al19f2f528cb899e4cb6e480bi7Ara8229e&user_id=423436af395b

dfc68adc7ccf66927ee8

“4 North of a line on a range with the north side of the north gfiehe Union Dry Dock and Repair Company

Shipyard, Edgewater, New Jersey; west of a line ranging 25° frormal@0 yards east of the east end of said pier

to a point (500 yards from the shore and 915 yards from thelLEerflagpole) on a line ranging approximately
f « IURP WKH ypoléWwowarHIHhd €gDare chimney on the Medical Center Building at 168#t, Stre

Manhattan; and south of said line ranging between the Fort Lee flagmblmeusquare chimney on the Medical

Center Building. [When the use of Anchorage No. 16 is requirechbgl wessels, the vessels anchored therein shall

move when the Captain of the Port directs them.]
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https://homeport.uscg.mil/cgi-bin/st/portal/uscg_docs/MyCG/Editorial/20151109/MSIB-Hudon%20River%20Anchorage_2.pdf?id=a19f2f528cb899e4cb6e480f674175f79ca8229e&user_id=423436af395bdfc68adc7ccf66927ee8
https://homeport.uscg.mil/cgi-bin/st/portal/uscg_docs/MyCG/Editorial/20151109/MSIB-Hudon%20River%20Anchorage_2.pdf?id=a19f2f528cb899e4cb6e480f674175f79ca8229e&user_id=423436af395bdfc68adc7ccf66927ee8
https://homeport.uscg.mil/cgi-bin/st/portal/uscg_docs/MyCG/Editorial/20151109/MSIB-Hudon%20River%20Anchorage_2.pdf?id=a19f2f528cb899e4cb6e480f674175f79ca8229e&user_id=423436af395bdfc68adc7ccf66927ee8

George ///7

Washington Bridge

Anchorage Grounds
, 33 CFR 110.155
| ST “| Port of New York

Chart 12341
Not to be used for
navigation

Figure 17: Current Anchorages South of George Washington Bridge

®$00 ZDWHUV Rl WKH +XGVRQ 5LYHU ERXQGZE1 WKIi FROORZLQUKBREQWN

f e Z 1 f e Z : WKHQFH WR f + Z Z WKHQFH WR [ = z
f e Z: WKHQFH WR f Z1 WRe f Z0: WKHQFH - Z : WKHC
WR f Z1 f e Z: WKHQFH WRe f Zo: WXKHQ E shdpenB © theV K

point of origin (NAD 83). [When the use of Anchorage No. 17eiguired by naval vessels, the vessels anchored

therein shall move when the Captain of the Port directs them.]

“ East of lines bearing 8° from the northwest corner of theiceitreaker north of the New York Central Railroad

Company drawbridge across Spuyten Duyvil Creek (Harlem River) tond 260 yards offshore and on line with

the New York Central Railroad signal bridge at the foot of West 231st Stxémtded, at Spuyten Duyvil, Bronx,

New York; thence bearing 19° to the channelward face of the MouMirgtent Dock at the foot of West 261st

Street, Riverdale, Bronx, New York. [(i) When the use of AnchoragelBeA is required by naval vessels the

vessels anchored therein shall move when the Captain of the Port direcis the

“$00 ZDWHUV RI WKH +XGVRQ 5LYHU ERXQGZEY1 WKH IROCRZLYXKISREQW
f e Z1 f e Z: WKHQFH WR f Z+: WKHQFH WR [ = Z 1 f e

W; thence to the point of origin (NAD 83). [This anchorage groumdssrved for use by ships only.]

“® $00 ZDWHUV RI WKH +XGVRQ 5LYHU ERXQGZEL WKH IROCRZLYXKISREDW
f e Z1 f e Z: WKHQFH WR f Ze: WKHQFH WR f = Z 1 f
WKHQFH WR f e Z 1 f e Z : WKHQFH WR: WKHQFH IWR f e

. Z: WKHQFH DORQJ WKH VKRUHOLQH WR WKH SRLQW RI RULJLQ

9 $00 ZDWHUV RI WKH +XGVRQ 5LYHU ERXQGZEYL WKH IROCRZLQYKBREQDW

N¢ o

f e Z 1 f e Z : WKHQFH WR f Z+: WKHQFH WR f = Z 1 f e
WKHQFH WR f - Z 1 f e Z : WKHQFH WR: WKHQFHIWR [ -« Z
f e Z : WKHQFH WR [ =« Z 1 f p *Z2Z Z WKH@GFM WR : WKHQFH

f e Z1 f o Z: WKHQFH WR fZs WK QEppintof origin.
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// Anchorage Grounds
L~ 33 CFR 110.155

Port of New York

Figure 18: Current Anchorage North of George Washington Bridge to Yonkers

The following regulations apply to the use of Anchorages 19 East and 19 West:

X

No vessel may conduct lightering operations in these anchorage grounds without pernaission f
the Captain of the Port. When lightering is authorized, the Captain of the PoN dtkwnust be
notified at least four hours in advance of a vessel conducting lightering opeeiosguired by
156.118 of this title.

Any vessel conducting lightering or bunkering operations shall display by day a red&lagR
§35.30-1; Pub 102; International Code of Signals signaling instructions) at its masirhetad
least 10 feet above the upper deck if the vessel has no mast, and byhaidlagtmust be
illuminated by spotlight. These signals shall be in addition to day signals, ghtsvhistle
signals as required by rules 30 (33 USC §2030 and 33 CFR 883.30) and 35 (33 USC §2035 and
33 CFR 883.35) of the Inland Navigation Rules when at anchor in a general anchorage area.
Within an anchorage, fishing and navigation are prohibited within 500 yards ahchored
vessel displaying a red flag.

These anchorage grounds are only authorized for use by tugs and/or barges.

No vessel may occupy this anchorage ground for a period of time in exc&saiird without
prior approval of the Captain of the Port.

No vessel may anchor in Anchorage No. 19 East or No. 19 West without permissiothdérom
Captain of the Port.
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x Each vessel shall report its position within Anchorage No. 19 East or No. 19dXestG@aptain
of the Port immediately after anchoring.

An additional anchorage is designated west of Hyde Park (FigirrAri€horage No. 19-A°

Anchorage Grounds
33CFR 110.155
Port of New York

Chart 12347

Not to be used for

navigation _
0

J |

Figure 19: Current Anchorage off Hyde Park

The restrictions for Anchorage 19-A are:
x No vessel may anchor in Anchorage 19-A from December 16 to the last day of Felitoany w
permission from the Captain of the Port, New York.

X No vessel less than 20 meters in length may anchor in Anchorage 19-A withoatpmioval of
the Captain of the Port, New York.

Subsequent to the issuance of the MSIB 2015-014, on January 21, 2016, the Maritime Assbdtadion

Port of New York and New Jersey's Tug and Barge Committee submitted adett8CG ' District,
requesting USCG to establish 10 additional federal anchorages on the Hudson River, adding 43 anchorage
berths. The letter listed the priorities of the contemplated anchorages as follows:

x Priority #1: Kingston Hub (8 berths)
o0 Port Ewen (1 berth)
0 Big Rock Point (4 berths)
o Kingston Flats (3 berths)

® $Q DUHD ORFDWHG ZHVW RI +\GH 3DUN HQFORWHG 1IE\ WKH ERRUGR QDV
f o 721 f « Z: WR f « 71 f <271 WRe f£ » WKHQFH EDFN WR

1 f » ZNAD 1983).
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X Priority #2: Newburgh Hub (8 berths)
0 Newburgh (5 berths)
0 Roseton (3 berths)

x Priority #3: Yonkers Hub (16 berths)

0 Yonkers Extension (16 berths)
Priority #4: Tompkins Cover (3 berths)
Priority #5: Milton (2 berths)

Priority #6: Marlboro (3 berths)
Priority #7: Montrose Point (3 berths)

X X X X

On 9 June 2016, the USCG published an Advance Notice of Proposed Rulemaking (ANPRM) in the
Federal Registe(Vol. 81, No. 111J* The ANPRM stated that the USCG was considering establishing

QHZ DQFKRUDJH JURXQGV RQ WKH +XGVRQ 5LYHU EHWuUestddQ <RQN
suggesting that anchorage grounds may improve navigation safety along an exteridadopdhte

Hudson River, which currently has no anchorage grounds, allowing for a safer and noaet dffiw of

YHVVHO WUDIILF =~ 7KH UH Partb¥/New Yrrk ewJerBdy Tiud Brid BArgeHCommittee,

WKH +XGVRQ 5LYHU 3RUW 3LORWY{V $VVRFLDWLRQ DQBH¥RHWIRFDQ
DFFRPPRGDWH D YDULHW\ RI YHVVHO W\SHV DQG FRQOLIXQUPW LRQ
intHUIHUH ZLWK WKH DUHDV ZKHUH YHVVHOV KDYH KLVWRULFDOO\ V

The contemplated additional anchorages are summarized in Table 30 and pictured in FiguyaglO

Figure 29> 7KH DQFKRUDJHV DUH DO® HWHVLJIDWLWFKGGDMHUMHRQMLDWH
SWHPSRUDU\" DQFKRUDJHV VXFK DV WKRVH WKDW DV H FBIW XBFG)
construction activities, fireworks launching, etc. Typical long-term anchoragelmared to 96 hours

(four days).

Table 30: Contemplated/Proposed Hudson River Anchorages (Docket USCG- 2016-0132)
Anchorage Berths Vessel Swing Radius Draft Acres

Yonkers Extension 16 1,200 ft <35 ft 715.24
Montrose Point 3 1,400 ft <26 ft 127.10
Tomkins Cove 3 1,200 ft <40 ft 98. 85
Newburgh 4 1,800 ft North: < 32 ft; South: < 22 ft | 445. 34
Roseton 3 1,700 ft <40 ft 305. 00
Marlboro 3 1,800 ft <35 ft 154. 80
Milton 2 1,200 ft <40 ft 74. 07
Big Rock Point 4 1,200 ft <351t 207.62
Port Ewen 1 1,200 ft <30 ft 46. 84
Kingston Flats South 3 1,800 ft (2); 1,300 ft (1) <22 ft 279.00

*' Docket Number USC@0160132.

2 Note that in the figures there are swing circles that show to possible looatiank barges, tankers, or cargo

vessels. These circlet,200 to 1,800 feet in diameter indicate the greatest extent to whanfichored vessel might
SRWHQWLDOO\ 3VZLQJ ~ 7KH YHVVHOV WKHPMHIOR/M \R IZ RV KOIF HVBINH-F &8 VR DY
longer than about 600 feet.
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41-00.60N 073-53.61W
41-00.60N 073-53.31W
40-58.05N 073-53.96W
40-56.96N 073-54.39W
40-57.02N 073-54.71W
40-58.11N 073-54.25W

O L R

Conditions

Approximate | 715.24 Acres

Area 2.89 km2
Perimeter 14.58 km

Draft <35 North

Stay Long term

Capacity | 16-1200' Circles | §

YEHIL1

Coordinates

1. 41-14.02N 073-57.45W
2. 14-14.09N 073-57.15W
3. 41-31.10N 073-57.00W
4. 41-13.18N 073-56.6W

Conditions
Mud Bottom
Approximate | 127.097 ac
Area 5536361 ft2
Draft <26’
Stay Long term

Capacity 3 -1400'
swing
circles

Figure 21: Contemplated/Proposed Montrose Point Anchorage Ground
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TOMPKINS COVE

Coordinates

1.41-15.91N 073-58.51W
2.41-15.91N 073-58.21W
3. 41-15.27N 073-58.38W
4. 41-15.28N 073-58.65W

Conditions

Approximate | 97.85 Acres

Area .396 km2
Perimeter 3.02 km
Draft <40’

Stay Long Term

Capacity | 3- 1200’
swing circles

Figure TCI.1
Figure 22: Contemplated/Proposed Tompkins Cove Anchorage Ground

NEWBURGH

-

Coordinates

3 -

1. 41-29.75N 073-59.98W i
2. 41-29.96N 073-59.48W 1 #
3. 41-28.38N 073-59.94W

4. 41-28.29N 074-.00.20W

Conditions Shicyard

Approximate | 445.34 acres
Area 1.80 km2
Perimeter 7.10 km N

Draft Deep draft North
<32’
Medium Draft »
South
<22’
Stay Long Term

Capacity | 5- 1800’ swing
circles

Figure NHI.1

Figure 23: Contemplated/Proposed Newburgh Anchorage Ground
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Coordinates

1. 41-33.46N 073-58.71W
2. 41-33.41N 073-58.27W
3. 41-32.92N 073-58.77W
4. 41-32.41N 073-59.21W
5. 41-32.65N 073-59.47W
6. 41-33.12N 073-59.11W

Conditions
Approximate Area | 305 acres
1.234 km2
perimeter 5.382 km
Draft <40’
Stay Long term
Capacity 3-1700'
Swing
circles

Figure NHIL.2

Figure 24: Contemplated/Proposed Roseton Anchorage Ground

MARLBORO
foEzag s

Coordinates

1. 41-36.68N 073-57.12W
2. 41-38.82N 073-57.76W
3. 41-35.88N 073-57.21W
4. 41-35.87N 073-56.92W

Conditions
Hard bottom
Approximate | 154.8 acres
Area 0.627 km2
Draft <35’
Stay Long Term
Capacity | 3-1800’ swing
circles

MOIL1

Figure 25: Contemplated/Proposed Marlboro Anchorage Ground
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Coordinates

41-38.56N 073-57.02W
41-38.64N 073-56.72W
41-38.12N 073-56.79W
41-37.93N 073-56.88W
41-38.19N 073-57.05W

U S

Conditions

Approximate | 74.07 Acres
Area .300 km2
Perimeter 2.38 km

Draft Deep draft
<40’ feet
Stay Long Term

Capacity 2 - 1200 feet
swing circles

MNI.1
Figure 26: Contemplated/Proposed Milton Anchorage Ground

Big Rock Point

Coordinates

1. 41-54.25N 073-58.04W
2. 41-54.31N 073-57.76 W
3. 41.53-79N 073-57.55W
4. 41-53.40N 073-57.25W
5.4
6.4

. 41-53.21N 073-57.45W
1-53.68N 073-57.80W

Conditions

Approximate | 207.62 acres
Area 0.840 km2
Perimeter 4.84 km

Draft <35’

Stay Long Term

Capacity | 4- 1200’ circles

Figure KHI.2: BIG ROCK POINT

Figure 27: Contemplated/Proposed Big Rock Paoint Anchorage Ground
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Coordinates

1. 41-54.85N 073-57.85W
2. 41-54.79N 073-57.59W
3. 41-54.58N 073-57.64W
4. 41-54.57N 073-57.95W

Conditions

Approximate | 46.84 acres

Area 0.190 km2
Perimeter 1.77 km
Draft <30’

Stay Short Term

Capacity 1-1200’

swing circle | J } \_ ﬂ

Figure KHL1: PORT EWEN

Figure 28: Contemplated/Proposed Port Ewen Anchorage Ground

KINGSTON FLATS SOUTH

,ll.; '.0"::-.1

Coordinates

1.41-56.79N 073-57.24W
2. 41-56.78N 073-56.85W
3. 41-55.81N 073-56.95W
4. 41-55.81N 073-57.42W

Conditions

Approximate Area | 279 Acres

1.133 km2
Perimeter 4.855 km
Draft <22’
Stay Long Term

Capacity 2-1800’ circles
1- 1300’ Circle

Figure KHI.2: KINGSTON FLATS SOUTH

Figure 29: Contemplated/Proposed Kingston Flats South Anchorage Ground
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The regulatory authority for establishing anchorages comes from 33 US Code §471:

37KH 6HFUHWDU\ RI +RPHODQG 6HFXULW\ LV DXWHKRDIQEG H
establish anchorage grounds for vessels in all harbors, rivers, bays, and other naatmablefw

the United States whenever it is manifest to the said Secretary that thenenarittcommercial

interests of the United States require such anchorage grounds for safe navigatitre and t
establishment of such anchorage grounds shall have been recommended by the Chief of
Engineers, and to adopt suitable rules and regulations in relation thereteydndules and

regulations shall be enforced by the Coast Guard under the direction of thear$eofet
Transportation: Provided, That at ports or places where there is no Coadtv@ssel available

such rules and regulations may be enforced by the Chief of Engineers under thendafettte

Secretary of Homeland S&cU L W\ ~

Potential Changes in Vessel Spills with Proposed Increased Anchorages

The extent to which the anchorages proposed for the Hudson River would affect ves#gl redssand

thus spills is uncertain. An anchorage provides a location for a vesaebtofor a period of time. One

or more moored vessels may be located in these newly established anchorages at anyegiVesdéis
requiring mooring for safety reasons do so presently, both within designatedages if possible under

the specific circumstances, and as needed elsewhere. Hence, if the requirement for snoocingniged,

the effect of establishing additional anchorages is concentrating ships in dsidoaations.
Establishment of additional anchorages could also have the potential of increasing the practice of mooring
due to the availability of additional designated anchorages.

Ships approaching, and at anchor, will conduct a range of navigational, mooring and unnaoating,
shipboard operations. These may include troubleshooting, repair, provisioning andlsatersfer, etc.

All of these activities have an associated baseline risk. The effect of loaajmegiter number of ships at

WKH SURSRVHG DQFKRUDJHV LV WR H[SRVH DGMDFHQW VKLSV WR |

Vessels atDQFKRU DUH D SRWHQWLDO FROOL Vs vEsQeB tiaOpads\tHeR Q WL
anchorage. Some of the anchorages, if fully utilized, might create closer gt@rfssing based on the

maps (Figure 20 through Figure 29), though none of the contemplated anchorage locatanthar

narrowest parts of the river.

The hypothetical net change in collision/allision risk due to concentratingplewissels at designated
new anchorages is that the collision/allision target(s) are larger, mgsintincreased likelihood at that
anchorage location. However, this could be offset by the reduction in collisisinfallivith vessels
anchored for safety reasons outside designated anchorages.

The potential also exists to increase collision and allision at anchorage, bimgreee possibility for
multiple ships at a single anchorage with the associated close proximity maneuverirgnreqts. The
clustering of multiple ships concentrates collision and allision targets.

Grounding, capsize, structural failure, process leaks (onboard), and carga temksfeemain unaffected
by the establishment of additional anchorages.
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The risk of accidents for vessels in anchorages differs from the rigicioeats while underway, though
the issue is not necessarily straightforward. The circumstances of eachcspatgfiway, including its
traffic makeup, congestion, visibility conditions, and configuration, will determine the aictal

Ultimately, the guestion with regard to anchorages is not whether accidensoee or less likely to
occur when vessels are in anchorages, but whether a vessel that is in teanaitderway) is more or
less likely to be in an accident if it continues while under distres#sitoseekstemporaryrefuge in an

anchorage.

When vessels are in anchorages that are in close proximity to more consirateedays, it is more
likely that a stationary vessel may be involved in an allision during theethiat it is in the anchorage and
that the passing vessels are transiting past the anchorages may dHideewiessels in the anchorage.
These incidents could potentially result in spillage, depending on the force of tlumallisi

If the ancRUDJHV DUH WR EH XVHG WR 3VWRUH RLO™ LQ RMOHQUND @GO U JF
moving vessel traffic stays the same or increases, the likelihood of aessdd being struck by another

while maneuvering in the anchorage area or be struck by another vessel that is uaderieayes the

channel adjacent to the anchorage would naturally increase with the presenceocigex However,

there is no evidence at present that the anchorages would be used in such a manner.

Quantification of Anchora ge Effect on Accident and Spill Risk

Quantifying the potential increase (or decrease) in vessel accident (ahdspilNith the establishment

of additional anchorages, such as those proposed in Table 30 (Figure 20 through Bidorett#9
Hudson River, would require an extensive vessel traffic modeling study. Thdicspesiigational
conditions (tides, bathymetry, vessel channel, shoreline configuration), and assummtohngan vessel

traffic levels, and specific regulations (numbers of vessels, maximum time at,agtchioior the Hudson

River would need to be incorporated into the model. In addition, an approximation of the decision-making
of the vessel operators with respect to the location, circumstances, duratiomniaigdofi anchoring

would need to be incorporated. Vessel accident (and spillage) rates with é&odtwite additional
anchorages (or with variations in the numbers and/or locations of anchorages) could then be evaluated.

There are no known studies in which the accident rates with and withoutageoor before and after
the establishment and implementation of anchorages, have been compared that could bproged as
for the Hudson River situation.

Some studies have generally indicata@ducedrate of accidents anchorages relative to other areas in
port and waterways. For example, in UK ports, 45% of accidents occur in bentbawy 15.7% occur in
harbor approaches, and only 0.5% of accidents occur in anchoring areas (anchbtagestudy for
Hong Kong Harbor, the rate of accidents overall were found to be 0.00335 peisgprivivereas in
anchorages, they were 0.000402 per port ¥sit.

3 UK Dept of Transport 2010.
>4 Yip 2008.
64 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Researchers in another study on the Hong Kong Harbor concluded that the locatiormiEgascwith
respect to vessel traffic lanes could increase the number of accidentsibadchorage locations should

be considered with this in mifdA shortage of anchorage spaces was identified as a factor that increases
the risk for vessel accidents in the Delaware River and®Bay.

A 2002 study on the navigational hazards on the Lower Mississippi River showed that presence of
floating anchorages significantly decreased the rate of allisions and graumieg in narrow river
areas.” The researchers in this study discussed their findings regarding the anchuthgbe USCG

Chief of the Office of Vessel Traffic Management who suggested that whes ppproach known
hazards (such as charted anchorages), their level of alert rises. This extra caed,whphitigation by

USCG and ACOE, might account for the effect of anchorages reducing accidenia eagrow river
sections where they might otherwise be considered navigational risks. This obsesvatippdrted by

other research studies that indicate that stress and the resulting gretiter, eaueast under some
circumstances, may reduce riék.

Certain circumstances may increase the risk at anchorages. For the MississippghRigds a particular
concern regarding anchoring in high-water conditions. The risk of dragging anckaobstantially
increased during periods of high water and strong currents. The USCG adviseasrsniariadhere to
USCG advisories and pilot association guidance for prevailing conditions and be algigpondr
effectively during an anchor-dragging situatidnThe risks of anchoring during high water were
illustrated by the January 2016 collision between the cargo vessel Manizales and the bulk carrar Zen-N
Grain Pegasus at the Belmont Anchorage near Hester, Louisiana, and other histeséaMehie there

are times of higher water (generally in spring) in the Hudson River, the HpdeNels are not nearly
those of the Mississippi River, where spring flooding often approaches and occasionally exceetls 40 f

Accidents within an anchorage or fleeting area may also be a concern. Collisiotigsamd anay occur
during maneuvering in close quarters, which frequently occurs at anchorages, @&s atadocks and in
other congested areas in a port. In a study conducted for the Puget Sound, tank barges werbdwend t
an accident rate that is 5.3 times higher for maneuvering than for being in transit (0.000912 pdatransit
versus 0.000171 per transit d&y)n the same study, non-impact incidents (e.g., excluding collisions,
allisions, and groundings) for tankers were found to be 16 times morewkéty underway as opposed

to being in an anchorage (0.00282 per transit day versus 0.000179 per transit day). Fogemkhear
accident rate while underway was four times as high as in anchorages (0.000426gieday versus
0.000179 per transit day). Non-impact accidents generally do not present the same risk ferispibea
accidents where hull breaches are more likely due to the force involved.

> BMT 2004.

% Altiok 2012.

>"Woodell et al. 2002.

*% LaPorte 1996.

* $FFRUGLQJ WR W K HVatiffeBs¥should consider measures such as increasing the scopehof a
chains, stationing navigation and engineering watches, keeping propatglosteering systems at the ready, and
retaining a pilot on bodr”

®NTSB 2017.

% The Glosten Associates et al. 2013.
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Vessel Encounters on the Hudson River

For collisions and allisions, accident rates are dependent on the frequency of encoentérs Gumber
of times a vessel comes into the vicinity of other vessels) al@nppurney. The encounter rate is
dependent on both the vessel traffic (numbers of vessels) and the space througtheviiedsels are
transiting. In some busy ports, these encounters are very frequent, increasingeltheotlkof an
accident. In other waterways with lower levels of vessel traffic, the actual encounterseapaeinfr

For the Hudson River, the encounter rate was calculated based on available tmandfitdanost larger
vessels traveling at about #H® kts (125 mph), the transit through the 115-mile study area would be
expected to take place over the course of abal® &ours, assuming no stops or slow-downs. In actual
practice, the vessels do anchor to await berths or pilots, dock, and slow down alongamsith tr
According to anecdotal information from pilots on the Hudson River, transasddrom the Port of
Albany generally take place on separate diags each transit would take place over one day.

If each vessel transit (up- or down-river) takes place over the couggehafurs, the vessels are assumed
to spend 10 hours underway, two hours at anchor or slowed down; and 12 hours at dock. dne#ch tr
involves 10 hours of actual motion, there are 14,410 hours of deep-draft vesemtsiineich year, and
143,440 hours of shallow-draft vessels in transit, or a total of 157,850 hours of wesdetway in the
Hudson River study area.

Each year, there are 1,441 deep-draft and 14,334 shallow-draft vessel transits (T&wer2Day, there
are about 43 vessel transtisughly 22 up-river and 22 down-river transits. (Half of these transitsdwoul
involve cargo-laden vessels.)

Annually, there are an estimated 300 vesselessel pairwise encounters within one-quarter mile in the
Hudson River study area (Table 31). This does not mean that there would be collisithves accidents,
only that the vessels might be within one quarter-mile of each other pdyerdgiliring some kind of
evasive or avoidance maneuvering.

Table 31: Estimated Annual Vessel Encounters within One-Quarter Mile on Hudson River

Vessel Cargo Cargo Cargo Cargo Tow/ Tow/ Tank Tank
Tvpe Ship Ship Barge Barge Tanker Tug Tug Barge Barge Total
yp Deep | Shallow Deep Shallow Deep Shallow Deep | Shallow
Cargo
Ship 0.05 1.94 0.06 0.68 0.02 0.07 0.53 0.19 0.43 4
Deep
Cargo

Ship 1.94 71.22 2.32 25.06 0.59 2.41 19.61 6.88 15.69 146
Shallow

Cargo
Barge 0.06 2.32 0.08 0.82 0.02 0.08 0.64 0.22 0.51 5
Deep

Cargo
Barge 0.68 25.06 0.82 8.82 0.21 0.85 6.90 2.42 5.652 51
Shallow
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Table 31: Estimated Annual Vessel Encounters within One-Quarter Mile on Hudson River
Vessel Cargo Cargo Cargo Cargo Tow/ Tow/ Tank Tank

Tvpe Ship Ship Barge Barge Tanker Tug Tug Barge Barge Total

yp Deep | Shallow Deep Shallow Deep Shallow Deep | Shallow

Tanker 0.02 0.59 0.02 0.21 0.00 0.02 0.16 0.06 0.13 1
Tow/

Tug 0.07 241 0.08 0.85 0.02 0.08 0.66 0.23 0.53 5

Deep

Tow/

Tug 0.53 19.61 0.64 6.90 0.16 0.66 5.40 1.89 4.32 40
Shallow

Tank

Barge 0.19 6.88 0.22 242 0.06 0.23 1.89 0.66 1.52 14

Deep

Tank

Barge 0.43 15.69 0.51 5.52 0.13 0.53 4.32 1.52 3.45 32
Shallow

Total 4 146 5 51 1 5 40 14 32 298

Note that for half of the tank vessel (tanker and tank barge) transigswoeitd be no oil cargo, only
bunker fuel. Vessdis-vessel encounters with loaded tank vessels are shown in Table 32. There are an
estimated 24 half-mile vessel encounters with loaded tank vessels each year. diiéreewabout two

close encounters between loaded tank vessels.

Table 32: Estimated Annual Loaded Tank Vessel Encounters within One-Quarter Mile
Loaded Tank Vessel Type
Vessel Encountered Loaded Tanker Lg:ggeedgggg é_ggiegr?:;lgl\(/v Total

Loaded Tanker 0.001 0.014 0.032 0.048
Loaded Tank Barge Deep 0.014 0.166 0.379 0.559
Loaded Tank Barge Shallow 0.032 0.379 0.864 1.275
Empty Tanker 0.001 0.014 0.032 0.048
Empty Tank Barge Deep 0.014 0.166 0.379 0.559
Empty Tank Barge Shallow 0.032 0.379 0.864 1.275
Cargo Ship Deep 0.008 0.093 0.213 0.315
Cargo Ship Shallow 0.294 3.440 7.843 11.576
Cargo Barge Deep 0.006 0.068 0.155 0.228
Cargo Barge Shallow 0.103 1.210 2.760 4.073
Tow/ Tug Deep 0.010 0.117 0.266 0.392
Tow/ Tug Shallow 0.081 0.947 2.160 3.188
Total 0.597 6.994 15.945 23.536
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The encounter estimates are actually over-estimating the rate of encountess buoat of the loaded

tank vessel traffic goes in one direction only at this time. The loaded¢askls would therefore only be
likely to encounter another vessel about 87 times per year (i.e., remoeit@pted-loaded encounters in
Table 32.

Application of Previous Vessel Casualty Studies

Casualty rates from previous studies that were conducted for other riscatiglobally, based on either
historical data or modeling, were evaluated as a comparison and for potential use in the projettiens for
Hudson River. Appendix A provides a synopsis of a large number of vessel casudiggs that have
been conducted worldwide and in specific locations.

Many of the studies focus on the number of accidents per ship-year (operatindgoa shgpyear). These
data are useful for risk management and insurance purposes for large intershijprogderators. For
analyzing a smaller waterway (e.g., a port or river), per transit data aeeapplicable, although it is
possible to estimate the number of transits per year per vessel for extrapolation purposes.

The studies on encounter accidents (collisions and allisions) and groundings armpootnt in that
these incidents are the ones that would have the potential to cause the largetouil (the largest
volume of spillage). The frequencies of encounter accidents are dependent on;

Vessel traffic and density;

Channel width and configuration;

Traffic separation schemes in shipping lanes;

Vessel traffic service (VTS) availability and usage;

Visibility;

Competence of operators to make evasive maneuvers in the event of an encounter; and

Size of vessels, which determines the ability and space or distance to make evasive maneuvers.

X X X X X X X

For groundings, there are other considerations. Except in the case of a grounding thdieoetises of
an evasive maneuver, the usual causes of powered grolfidirgeelated to:

X Presence of submerged navigational hazards;

x Unfamiliarity of the vessel operator with charted navigational hazards (dfte to the lack of
compulsory pilotage); and

X Steering failure.

In the case of drift groundingdstorms and onshore winds, as well as the distance to shore (or submerged
navigational hazards) are important factors. Steering or engine power failure mde aiswlved in

some cases. When a vessel hits a soft (e.g., sandy) bottom, it is called a sofngranediher or not it

was a powered or drift grounding. These incidents are often not serious and atessuikely to cause

a hull rupture and spill. The vessel may require towing or waiting until higher A hard grounding
occurs when the vessel strikes a hard submerged object (e.g., a rock). Thisinggent is more likely

%2 Groundings that occur when the vessel is being intentionally movedrd.
% Groundings that occur as a result of the inability to control the vessefjduheavy storm or onshore winds.
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to cause hull damage and the potential for spillage. When a vessel is involved in a drift grounding and hits
a rocky shore or shoreline structures (e.g., piers), there may also be sighifitatemage, increasing
the likelihood of spillage.

A large number of studies (using historical data or modéfifugve taken these types of geographic
factors into account to determine rates of impact accidents (collisions, allisions, and grajinding

The main advantage of using previous vessel casualty data or models is thatdheighes degree of
accuracy for estimating low-frequency events that have relatively long return periods.adveudiage is

that there are apt to be specific characteristics of a waterway that maytlaéfeate of accidents (the
exceptions to the rule).

Calculation Approach for Hudson River  Vessel Casualty Rates

To the extent that the Hudson River casualty data (as summarized in Table 22 frablegB5) were

reasonable, they were applied. However, for certain types of accidents, otheycasemvere applied.
In these cases, the rates were modified, to the extent possible, to refigatimgitcircumstances and
conditions on the Hudson River.

Hudson River-specific vessel grounding data were applied in that the retatineficy of groundings
within the specific geographic and bathymetric configurations of the river vii&alg have yielded the
number of groundings that might occur. A brief comparison between the Hudson groaeiagd that
of other analogous waterways was conducted.

The historical data most likely are sufficient to determine the likelihooflitafe allision incidents.
Allisions generally occur during maneuvers at docks or around obstructions. Wérdehave been a
number of allisions, there have been very few collision accidents in the Hudson Riveis Tikity
because the time period considered is not long enough. The other factor consittexeddliisions are
very much related to the traffic density or congestion because of the chaegesunter rates. Rates of
corrective actions (e.g., evasive maneuvers), human error, and steering failure, all daetbicimto the
likelihood of collisions, are all relatively well established in maritishedies. Therefore, for collisions,
the preferred approach was to apply collision models (algorithms) modified to Hudson River conditions.

Other types of casualties, including those related to fire, structuhatefabr equipment failure, are
generally not dependent on waterway characteristics or vessel traffic.ald® af these types of
casualties are affected by the maintenance and quality of the vessels and titgdfaheé operators. For
these, data from other studies were used to supplement the Hudson data after a comwparison
conducted.

As a conservative measure, the higher of the vessel casualty rates was assaomgrhiisons between
Hudson and other data. All data were calculated as per-vessel transit se thaiat could be applied to
current as well as other future potential vessel traffate that vessel casualties do not necessarily result
in spills. The probability of spillage in the event of a casualty is calculated irrlaections of this
chapter.

% Appendix A Table99 through Table 102.
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Calculation of Vessel Collision Frequencies
The likelihood of a collision in the Hudson River was calculated based on the basic collisiorf®model:

N N. R

coll E C

Where:N.,; = number of collisions
Ne= number of pairwise encounters (vegselessel encounters)
Pc = probability of failing to avoid collision course due to technical failure or human err

This equation was converted into a time-dependent version:

N

coll

NE
_EPp
t t ©

Where:t = time (in years)

The collision rate (per year) should also be modified with factors thataiseiy) or decreaseR) the
likelihood of collisions that are relevant to the specific water (in this,¢ae Hudson River study area),
which changes the equation to:

Neor = 3Ne °Z o2 N 1° 2 (

t @_IT pC 172; Mi %2/4 &iﬁ FZ: | )i?mR
NE a Na 0I

D -0
el TE P M. '
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Based on the data in Table 31 and Table 32, for the Hudson Riyéne number of pairwise encounters
with loaded tank vessels &4 per year. For other vessels that could potentially spill bunker fuel
(including tank vessels), the annual encounter number is about 300.

The average probability of the failure of collision avoidaris, §s about 0.0008
The modifier§’ relevant to the Hudson Rivévl,) are:

X MwpTh = 4.2 for narrow river (applied to 0.25 of river mileage)0 for wide river (applied to
0.75 of river mileage)

X Reiotace = 0.51 for compulsory pilotage (for 0.035 tran$fts)

X MuysieiLty = 6.9 for fog and other visibility factors for 0.2 part of river mileage-time

65 Fujii and Shiobara 1971; MacDuff 1974; Motewka et al. 2010.

®® MacDuff 1974; Fowler and Sargard 2000; Otto et al. 2002; Rosqyvist et & Paywarty 2009.
67 Lewison 1980; Det Norske Veritas 2011b; Det Norske Veritas 1999.

% Based on average 560 state-piloted transits (T28)lassigned to 15,785 annual trips (Tadil
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The modifiers were summed as follows:

M H ( I\/IWIDTH M VISIBILITY) PPILOTAGE

I\/IWIDTH H (OZSM NARROW) ( O 75 M WIDE)

l\/IVISIBILITY H 02 I\/IVISIBILITY

I:QPILOTAGE H 0035 IQPILOTAGE )
M, 3.16

The estimated number of collisions for the Hudson River study area, based on these assumptions, is:

NcoII NE 2 ~a OI ° ®
T T R T Moy pRE
Nooi ranks (24700005 316
year
Neor ranxs 0.038
year
Neon e (30070 00095 316
year
Neoy_arr 0.47
year

In other words, there would be expected to be 0.038 collisions involving loaded tanlks ey yeator
one collision every 26 years. For all vessels that carry oil as bunker faeljld be expected that there
are 0.47 incidents per year or one incident every two yBats. that the occurrence of a collision does
not imply that there will necessarily be a spill.

These estimates are based on pairwise encounter rates (within one-quartin mileent vessel traffic.
If vessel traffic were to change (i.e., increase or decrease), the pragmluifitcollisions would also
change. Collision probability is based on the concept that vessel densityiftber of vessels in a given
area) is the driving factor, since vessel density affects the potential érca@ia. This approach is useful
for determining the increase in likelihood of collisions with increases in overall \eef$iel

Based on an analysis conducted on vessel collisions and vessel density in the Pugét tBeund,
following relationship between vessel density and expected collisions was developed:

CR, 0.00003}%

%9 Based on Judson 1992; applied in: The Glosten Associates et al. 2013; HegiezeEng et al. 2014.
71 Hudson River Oil Spill Risk Assessment Volume 3: Qil Spill Probability Analysis



Where:d = vessel density (number of vessels per square mile)
CRy = collision rate (expected collisions per vessel transit) at vessel dehsity,

The relationship between vessel density and collision rate can be seen in Figure 30.
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Figure 30: Expected Collisions by Vessel Density "

As a check, this formula was applied to the Hudson River data. The calculatioredsdmas vessel
density. For the 44 vessels that are on the river at any one time over theéraptalgx115 square-mile
area of study area, of which about one-half of which comprises the channel and eaaigals| the
density is 0.76 vessels per square mile. Based on this, the collision frequ@r@Y0a5 per vessel transit
might be expected. With 15,785 annual vessel transits in the Hudson, there would deédtrbe 0.34
collisions per yeaor one collision every three years. This is a lower predicted frequency thacteued
by the first method. The increased number of potential collisions is atbibutathe adjustments made
to the potential probability due to factors of visibility and width.

Based on the original equation:

N

coll

t

P, « M

NE a a OIQR_(
- i ®|
t K g D, %=

"0 Equation developed from data on vessel density and collision rates &atedfoom Judson 1992.
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the increase in collisions is directly proportional to the number of EErwessel encounterSj. The
encounters are based on the numbers of vessels going in either direction along with the likkeliramogd t
two vessels will simultaneously be in the same quarter-mile length of the shippinglchatBri@ R F N~

7KH SUREDELOLW\ WKDW RQH YHVVHO ZLOO EH L\Q VOKHHHTWOLY® OHQ
the number of annual vessel trips divided by the number of blocks. The probabilitydhagsels will

be in the same block is that probability squared. (Probabilities of two things happeningeuthcare

the product of the two independent probabilities.) Assuming that tjliseone year:

N

PVESSEL DOW

trips

P
VESSEL UP
N

E F3/ESSEL upP

blocks

P trl pSDOWN
VESSEL DOWN N
blocks

N trips,,  tripSyown
E
N N

blocks blocks

The trips need to be divided into up-river and down-river tratigjpsyp and tripsSpown This can be
roughly the number of total trips divided by two (as in Tal#g If the number of annual trips changes
(i.e., more trips with greater vessel traffic, fewer trips with ledfidrathe number of encounters §N
changes. Assuming the number of trips up and down are equivalent:

N trips,e  tripSyown ~
E
N N

blocks blocks
trips,e  tripPSpouwn %
Nblocks Hudson 460
N (0.5 transits o, ¥
e 460
0.25 transits,,, §
E 211600

Nz 0.0000012(transitsy,, §

For loaded tank vessel traffic alone, the transits have to be divided intal lzader traffic versus all
other traffic (including empty tank vessels) that might be encountered.
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N tripSTANK tripSOTHER ~
E
Nblocks N

Nblocks Hudson 460

N (tripSTANK LOADED TripSOTHER)Z
: 4607

tr‘ipSTANK LOADED 05 tripSTANNK

tripSorer 0.5 transitS ;.

N (0.5 trips; ) (0.5 transitsg;, )

blocks

E 211600
N 0'25(tripSTANK TranSitSI'OTAL )
E 211600

Nz 0.0000012(trips; . fransitsgra, |

Applying theseequations that calculate encounters to the original equation that resl@épicounters by
the likelihood of avoidance and modifies for mitigating factors, and varyinglveasfic assumptions
(Table 33), the collision rates for the Hudson River were estimated a summarizaiolé 34 and Figure
31. (Loaded tank vessels are analyzed separately as they have the potential igspillncacases and
decreases in tank vessel traffic assume that all other traffic stays tegthaogh the overall number,
which includes the tank vessel traffic, would charlgete that these are not necessarily spills. Spill

rates per collision are calculated in another part of this chapter.

Table 33: Hudson River Vessel Traffic Assumptions for Modeling
. . Numbers of Loaded Tank Vessels Total
Vessel Traffic Assumptions
Tankers | Tank Barges Total Tank Vessels Vessels
1 | Current Traffic ™ 32 1,230 1,262 15,785
2 | 50% Overall Decrease 16 615 631 7,893
3 | 10% Overall Decrease 29 1,107 1,136 14,207
4 | 50% Decrease in Tank Vessels 16 615 631 14,523
5 | 20% Decrease in Tank Vessels 26 984 1,010 15,280
6 | 10% Decrease in Tank Vessels 29 1,107 1,136 15,533
7 | 10% Increase in Tank Vessels 35 1,353 1,388 16,037
8 | 20% Increase in Tank Vessels 39 1,476 1,515 16,290
9 | 50% Increase in Tank Vessels 48 1,845 1,893 17,047
10 | 10% Overall Increase 35 1,353 1,388 17,364
11 | 100% Increase in Tank Vessels 64 2,460 2,524 18,309
12 | 20% Overall Increase 39 1,476 1,515 18,942
13 | 200% Increase in Tank Vessels 128 4,920 5,048 23,357
14 | 50% Overall Increase 48 1,845 1,893 23,678
15 | 100% Overall Increase (Doubling) 64 2,460 2,524 31,570

"I Based on Tabl&9.
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Table 34: Predicted Collision Frequency for Hudson River by Vessel Traffic
Estimated Annual Number of Collisions
Vessel Traffic Assumptions !_oaded Tar'lk Vesse.l S Overall VgsseTz .
(Qil Cargo Spill Potential) (Bunker Fuel Spill Potential)
Tankers Tank Barges All Vessels
1 | Current Traffic 0.0005 0.0184 0.4724
2 | 50% Overall Decrease 0.0001 0.0046 0.1181
3 | 10% Overall Decrease 0.0004 0.0149 0.3827
4 | 50% Decrease in Tank Vessels 0.0002 0.0085 0.3999
5 | 20% Decrease in Tank Vessels 0.0004 0.0143 0.4427
6 | 10% Decrease in Tank Vessels 0.0004 0.0163 0.4575
7 | 10% Increase in Tank Vessels 0.0005 0.0206 0.4876
8 | 20% Increase in Tank Vessels 0.0006 0.0228 0.5031
9 | 50% Increase in Tank Vessels 0.0008 0.0298 0.5510
10 | 10% Overall Increase 0.0006 0.0223 0.5717
11 | 100% Increase in Tank Vessels 0.0011 0.0427 0.6356
12 | 20% Overall Increase 0.0007 0.0265 0.6803
13 | 200% Increase in Tank Vessels 0.0028 0.1090 1.0344
14 | 50% Overall Increase 0.0011 0.0414 1.0630
15 | 100% Overall Increase (Doubling) 0.0019 0.0737 1.8897

Changes in Expected Collisions by Vessel Traffic
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Figure 31: Changes in Expected Collisions based on Vessel Traffic Assumptions
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Assumptions for Other Vessel Casualty Frequencies

The probability of allisions was estimated to be 0.00036 per vessel trip (basee data in Table 24).
There are no reliable data for comparison. The likelihood of allisions between iwonddse with more
vessel congestion, although the likelihood of two vessels encountering each other suchaasho@ye
is captured under collisions. For allisions with docks and other structures, the [olimbdihearly
related to vessel number.

For groundings, the existing historical data (from Table 24) for the Hudswmr Bhows an average
grounding rate of 0.00059 per transit. For tankers, the rate is considerably#ig828 per transit. For
tank barges, which have a lower draft, the rate is 0.0003 per transit. This esbapatrelatively good

indicator of the likelihood of future groundings given the particular geography éfutison River. The

rates for the Hudson River are generally higher than estimated in atbesstwhich range from about
0.0001 to 0.0002 per transit.

For fires on board the vess&lthe probability is very low, based on Hudson River data (Ta#je:
averaging 0.000019 per tran«it 0.3 fires per year, as estimated by the Hudson data. The only data
available for fires on vessels are based on ship-yédire average is about 0.00015 per ship-year. If the
Hudson River vessel transits are based on one-day trips, there are 15,785 trips actags 86583 ship-
years. This would predict an estimated 0.006 fires per year, based on the shigtyeaiofogy. In this
case, the higher probability was selected for application in thdy.siNote that fire casualties do not
indicate fires that occur as the result of spillage, rather fires that wcengines or elsewhere on board a
vessel that might cause a spill.

For structural failures and mechanical failures, the Hudson River data (Taber24applied as they are
relatively close to data from other regidAsThe structural failure rate is assumed to be 0.00031 per
transit, and the equipment failure rate was assumed to be 0.000014 per transit.

In addition, the Hudson River data (Table 24) indicated a rate of casualties that resuitext spithage
of 0.00032 per transit.

Application of Other Vessel Casualty Rates to Hudson River Traffic

The annual traffic data (as in Table 21) were applied to each of the Higibnotasualty rates to
determine the expected annual numbers of incidents and the annual probabilities (or chances o
occurrence) based on different traffic assumptions. The results are shown in TalalB&ons, Table

36 for groundings, Tabl&7 for fires, Table 38 for structural failure, and Table 39for equipment failure. In
addition, the results for miscellaneous small spills, the results are shown & 4alExcept for the

minor spill casualties in Table 40 the data indicate casualties and not necegsapills. The likelihood

of spills as a result of casualties is analyzed in following section.

3 Note that this does not indicate fires that occur as the result of spillage, fi@sehat occur in engines or
elsewhere on board a vessel that might cause a spill.

" See Appendix A. Det Norske Veritas 2011b; Selway et al. 1999; Uluscu et al. 2008

" The Glosten Associates et al. 2013; See also Appendix A.
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Table 35: Predicted Allision Frequency for Hudson River by Vessel Traffic

Vessel Traffic Assumptions

Estimated Annual Number of Allisions

Loaded Tank Vessels
(Qil Cargo Spill Potential)

Overall Vessel
(Bunker Fuel Spill Potential)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.0114 0.4430 5.6826
2 | 50% Overall Decrease 0.0057 0.2215 2.8415
3 | 10% Overall Decrease 0.0102 0.3987 5.1145
4 | 50% Decrease in Tank Vessels 0.0057 0.2215 5.2283
5 | 20% Decrease in Tank Vessels 0.0091 0.3545 5.5008
6 | 10% Decrease in Tank Vessels 0.0102 0.3987 5.5919
7 | 10% Increase in Tank Vessels 0.0125 0.4872 5.7733
8 | 20% Increase in Tank Vessels 0.0136 0.5318 5.8644
9 | 50% Increase in Tank Vessels 0.0170 0.6644 6.1369
10 | 10% Overall Increase 0.0125 0.4872 6.2510
11 | 100% Increase in Tank Vessels 0.0227 0.8859 6.5912
12 | 20% Overall Increase 0.0136 0.5318 6.8191
13 | 200% Increase in Tank Vessels 0.0454 1.7718 8.4085
14 | 50% Overall Increase 0.0170 0.6644 8.5241
15 | 100% Overall Increase (Doubling) 0.0227 0.8859 11.3652

Table 36: Predicted Grounding Frequency for Hudson River by Vessel Traffic

Vessel Traffic Assumptions

Estimated Annual Number of Groundings

Loaded Tank Vessels
(Oil Cargo Spill Potential)

Overall Vessel
(Bunker Fuel Spill Potential)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.0726 0.3691 9.3132
2 | 50% Overall Decrease 0.0363 0.1846 4.6569
3 | 10% Overall Decrease 0.0653 0.3323 8.3821
4 | 50% Decrease in Tank Vessels 0.0363 0.1846 8.5686
5 | 20% Decrease in Tank Vessels 0.0581 0.2954 9.0152
6 | 10% Decrease in Tank Vessels 0.0653 0.3323 9.1645
7 | 10% Increase in Tank Vessels 0.0798 0.4060 9.4618
8 | 20% Increase in Tank Vessels 0.0871 0.4431 9.6111
9 | 50% Increase in Tank Vessels 0.1088 0.5537 10.0577
10 | 10% Overall Increase 0.0798 0.4060 10.2448
11 | 100% Increase in Tank Vessels 0.1451 0.7383 10.8023
12 | 20% Overall Increase 0.0871 0.4431 11.1758
13 | 200% Increase in Tank Vessels 0.2903 1.4765 13.7806
14 | 50% Overall Increase 0.1088 0.5537 13.9700
15 | 100% Overall Increase (Doubling) 0.0227 0.8859 11.3652
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Table 37: Predicted Fire Casualty Frequency for Hudson River by Vessel Traffic

Vessel Traffic Assumptions

Estimated Annual Number of Fire Casualties

Loaded Tank Vessels
(Qil Cargo Spill Potential)

Overall Vessel
(Bunker Fuel Spill Potential)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.0006 0.0234 0.2999
2 | 50% Overall Decrease 0.0003 0.0117 0.1500
3 | 10% Overall Decrease 0.0005 0.0210 0.2699
4 | 50% Decrease in Tank Vessels 0.0003 0.0117 0.2759
5 | 20% Decrease in Tank Vessels 0.0005 0.0187 0.2903
6 | 10% Decrease in Tank Vessels 0.0005 0.0210 0.2951
7 | 10% Increase in Tank Vessels 0.0007 0.0257 0.3047
8 | 20% Increase in Tank Vessels 0.0007 0.0281 0.3095
9 | 50% Increase in Tank Vessels 0.0009 0.0351 0.3239
10 | 10% Overall Increase 0.0007 0.0257 0.3299
11 | 100% Increase in Tank Vessels 0.0012 0.0468 0.3479
12 | 20% Overall Increase 0.0007 0.0281 0.3599
13 | 200% Increase in Tank Vessels 0.0024 0.0935 0.4438
14 | 50% Overall Increase 0.0009 0.0351 0.4499
15 | 100% Overall Increase (Doubling) 0.0012 0.0468 0.5998

Table 38: Predicted Structural Failure

Frequency for Hudson River by Vessel Traffic

Vessel Traffic Assumptions

Estimated Annual Number of Structural Failures

Loaded Tank Vessels
(Oil Cargo Spill Potential)

Overall Vessel
(Bunker Fuel Spill Potential)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.0098 0.3814 4.8934
2 | 50% Overall Decrease 0.0049 0.1907 2.4468
3 | 10% Overall Decrease 0.0088 0.3434 4.4042
4 | 50% Decrease in Tank Vessels 0.0049 0.1907 45021
5 | 20% Decrease in Tank Vessels 0.0078 0.3053 4.7368
6 | 10% Decrease in Tank Vessels 0.0088 0.3434 4.8152
7 | 10% Increase in Tank Vessels 0.0108 0.4195 4.9715
8 | 20% Increase in Tank Vessels 0.0117 0.4579 5.0499
9 | 50% Increase in Tank Vessels 0.0147 0.5722 5.2846
10 | 10% Overall Increase 0.0108 0.4195 5.3828
11 | 100% Increase in Tank Vessels 0.0196 0.7629 5.6758
12 | 20% Overall Increase 0.0117 0.4579 5.8720
13 | 200% Increase in Tank Vessels 0.0391 1.5258 7.2407
14 | 50% Overall Increase 0.0147 0.5722 7.3402
15 | 100% Overall Increase (Doubling) 0.0196 0.7629 9.7867
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Table 39: Predicted Equipment Failure Frequency for Hudson River by Vessel Traffic

Estimated Annual Number of Equipment Failures

Vessel Traffic Assumptions !_oaded Tar'1k Vesse.l S Overall Vgssel .

(Qil Cargo Spill Potential) (Bunker Fuel Spill Potential)
Tankers Tank Barges All Vessels

1 | Current Traffic 0.0004 0.0172 0.2210

2 | 50% Overall Decrease 0.0002 0.0086 0.1105

3 | 10% Overall Decrease 0.0004 0.0155 0.1989

4 | 50% Decrease in Tank Vessels 0.0002 0.0086 0.2033

5 | 20% Decrease in Tank Vessels 0.0004 0.0138 0.2139

6 | 10% Decrease in Tank Vessels 0.0004 0.0155 0.2175

7 | 10% Increase in Tank Vessels 0.0005 0.0189 0.2245

8 | 20% Increase in Tank Vessels 0.0005 0.0207 0.2281

9 | 50% Increase in Tank Vessels 0.0007 0.0258 0.2387

10 | 10% Overall Increase 0.0005 0.0189 0.2431

11 | 100% Increase in Tank Vessels 0.0009 0.0345 0.2563

12 | 20% Overall Increase 0.0005 0.0207 0.2652

13 | 200% Increase in Tank Vessels 0.0018 0.0689 0.3270

14 | 50% Overall Increase 0.0007 0.0258 0.3315

15 | 100% Overall Increase (Doubling) 0.0009 0.0345 0.4420

Table 40: Predicted Minor Spill Casualties for Hudson River by Vessel Traffic

Estimated Annual Number of Minor Spill Casualties

e B S — Load.ed Tank Vgssels Overall Vesse!
(Qil Cargo Spill) (Bunker Fuel Spill)
Tankers Tank Barges All Vessels
1 | Current Traffic 0.0101 0.3937 5.0512
2 | 50% Overall Decrease 0.0050 0.1969 2.5258
3 | 10% Overall Decrease 0.0091 0.3544 45462
4 | 50% Decrease in Tank Vessels 0.0050 0.1969 4.6474
5 | 20% Decrease in Tank Vessels 0.0081 0.3151 4.8896
6 | 10% Decrease in Tank Vessels 0.0091 0.3544 4.9706
7 | 10% Increase in Tank Vessels 0.0111 0.4331 5.1318
8 | 20% Increase in Tank Vessels 0.0121 0.4727 5.2128
9 | 50% Increase in Tank Vessels 0.0151 0.5906 5.4550
10 | 10% Overall Increase 0.0111 0.4331 5.5565
11 | 100% Increase in Tank Vessels 0.0202 0.7875 5.8589
12 | 20% Overall Increase 0.0121 0.4727 6.0614
13 | 200% Increase in Tank Vessels 0.0404 1.5750 7.4742
14 | 50% Overall Increase 0.0151 0.5906 7.5770
15 | 100% Overall Increase (Doublirg) 0.0202 0.7875 10.1024
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Probability of Oil Spill age with Vessel Casualties

With regard to a vessel accident turning into a spill (of any volsmall to very large), there are well-
documented data and studies that provide valuable insights. For non-tank vessels (carhat stopsot
carry oil as cargo and can thus only spill bunker fuel), the probability of &bsphl given an accident
are shown in Table 41. The implementation schedule for double hulls on bunker tanks is in Table 42.

Table 41: Bunker Spill Probabilities for All Piloted Vessels

Incident Type Hull Bunker Spill Probability (Worldwide Data)
Collision Single 0.05000
Double 0.02000
- Single 0.05000
Allision
Double 0.02000
. Single 0.05000
Grounding
Double 0.02000
Single 0.20000
Other, Non-Impact Error
Double 0.20000
Single 0.92000
Transfer Error
Double 0.92000

Table 42: Implementation of Double-Hulls for Bunker Tanks

Years World Fleet
Probability of Double Hull Probability of Single Hull

2018 0.41 0.59
2019 0.45 0.55
2020 0.50 0.50
2021 0.54 0.46
2022 0.59 0.41
2023 0.63 0.37
2024 0.68 0.32
2025 0.72 0.28
2030 0.75 0.25
2027 0.82 0.18
2028 0.88 0.12
2029 0.95 0.05
2030 1.00 0.00

For tank vessels, the probabilities of spillage argdnie 43. Since all tankers arequiredto have double
hulls by 2015, for future spillage rates, the double-hulled probability should be appliedbdrgels in
operation in the Hudson River likewise are all reported to have double hullhuRker tanks, it is
assumed that 50% of the tanks would be double-hulled. Spill frequency will decrease over time.

® Etkin and Michel 2003; Michel and Winslow 1999, 2000; Barone et al. 200BeHeEngineering et al. 2003.
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Table 43: Cargo Spill Probabilities for Tankers and Tank Barges ~ **

Vessel Type Incident Type Cargo Spill Probability in Incident, P(CS)
Collision 0.15
Allision 0.15

Small Tanker Grounding 0.18
Other, Non-Impact Error 0.40
Transfer Error 0.92
Collision 0.13
Allision 0.13

Tank Barge Grounding 0.22
Other, Non-Impact Error 0.40
Transfer Error 0.92

Based on the probabilities of spillage associated with vessel casualties, theexipegtéd numbers of
spills (of any volumenot necessarily large spilidor the different types of casualties were calculated as
shown in Table 44 through Ta$50.

Table 44: Predicted Annual Spill Frequencies due to Collision
Loaded Tank Vessels Overall Vessel
Vessel Traffic Assumptions (Qil Cargo Spills) (Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.000075 0.002392 0.014172
2 | 50% Overall Decrease 0.000015 0.000598 0.003543
3 | 10% Overall Decrease 0.000060 0.001937 0.011481
4 | 50% Decrease in Tank Vessels 0.000030 0.001105 0.011997
5 | 20% Decrease in Tank Vessels 0.000060 0.001859 0.013281
6 | 10% Decrease in Tank Vessels 0.000060 0.002119 0.013725
7 | 10% Increase in Tank Vessels 0.000075 0.002678 0.014628
8 | 20% Increase in Tank Vessels 0.000090 0.002964 0.015093
9 | 50% Increase in Tank Vessels 0.000120 0.003874 0.016530
10 | 10% Overall Increase 0.000090 0.002899 0.017151
11 | 100% Increase in Tank Vessels 0.000165 0.005551 0.019068
12 | 20% Overall Increase 0.000105 0.003445 0.020409
13 | 200% Increase in Tank Vessels 0.000420 0.014170 0.031032
14 | 50% Overall Increase 0.000165 0.005382 0.031890
15 | 100% Overall Increase (Doubling) 0.000285 0.009581 0.056691

""Based on Yip et al. 2011b; Rawson and Brown 1998; NRC 1998; NBC MO 1995; Etkin et al. 2002.
81 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Table 45: Predicted Annual Spill Frequencies due to Allision

Loaded Tank Vessels Overall Vessel
Vessel Traffic Assumptions (Qil Cargo Spills) (Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.001710 0.057590 0.170478
2 | 50% Overall Decrease 0.000855 0.028795 0.085245
3 | 10% Overall Decrease 0.001530 0.051831 0.153435
4 | 50% Decrease in Tank Vessels 0.000855 0.028795 0.156849
5 | 20% Decrease in Tank Vessels 0.001365 0.046085 0.165024
6 | 10% Decrease in Tank Vessels 0.001530 0.051831 0.167757
7 | 10% Increase in Tank Vessels 0.001875 0.063336 0.173199
8 | 20% Increase in Tank Vessels 0.002040 0.069134 0.175932
9 | 50% Increase in Tank Vessels 0.002550 0.086372 0.184107
10 | 10% Overall Increase 0.001875 0.063336 0.187530
11 | 100% Increase in Tank Vessels 0.003405 0.115167 0.197736
12 | 20% Overall Increase 0.002040 0.069134 0.204573
13 | 200% Increase in Tank Vessels 0.006810 0.230334 0.252255
14 | 50% Overall Increase 0.002550 0.086372 0.255723
15 | 100% Overall Increase (Doubling) 0.003405 0.115167 0.340956

Table 46: Predicted Annual Spill Frequencies due to Grounding

Loaded Tank Vessels

Overall Vessel

Vessel Traffic Assumptions (Qil Cargo Spills) (Bunker Fuel Spills)
Tankers Tank Barges All Vessels
1 | Current Traffic 0.013068 0.081202 0.279396
2 | 50% Overall Decrease 0.006534 0.040612 0.139707
3 | 10% Overall Decrease 0.011754 0.073106 0.251463
4 | 50% Decrease in Tank Vessels 0.006534 0.040612 0.257058
5 | 20% Decrease in Tank Vessels 0.010458 0.064988 0.270456
6 | 10% Decrease in Tank Vessels 0.011754 0.073106 0.274935
7 | 10% Increase in Tank Vessels 0.014364 0.089320 0.283854
8 | 20% Increase in Tank Vessels 0.015678 0.097482 0.288333
9 | 50% Increase in Tank Vessels 0.019584 0.121814 0.30I731
10 | 10% Overall Increase 0.014364 0.089320 0.307344
11 | 100% Increase in Tank Vessels 0.026118 0.162426 0.324069
12 | 20% Overall Increase 0.015678 0.097482 0.335274
13 | 200% Increase in Tank Vessels 0.052254 0.324830 0.413418
14 | 50% Overall Increase 0.019584 0.121814 0.419100
15 | 100% Overall Increase (Doubling) 0.004086 0.194898 0.340956
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Table 47: Predicted Annual Spill Frequencies due to Fire Casualty

Vessel Traffic Assumptions

Loaded Tank Vessels
(Oil Cargo Spills)

Overall Vessel
(Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.000240 0.009360 0.059980
2 | 50% Overall Decrease 0.000120 0.004680 0.030000
3 | 10% Overall Decrease 0.000200 0.008400 0.053980
4 | 50% Decrease in Tank Vessels 0.000120 0.004680 0.055180
5 | 20% Decrease in Tank Vessels 0.000200 0.007480 0.058060
6 | 10% Decrease in Tank Vessels 0.000200 0.008400 0.059020
7 | 10% Increase in Tank Vessels 0.000280 0.010280 0.060940
8 | 20% Increase in Tank Vessels 0.000280 0.011240 0.061900
9 | 50% Increase in Tank Vessels 0.000360 0.014040 0.064780
10 | 10% Overall Increase 0.000280 0.010280 0.065980
11 | 100% Increase in Tank Vessels 0.000480 0.018720 0.069580
12 | 20% Overall Increase 0.000280 0.011240 0.071980
13 | 200% Increase in Tank Vessels 0.000960 0.037400 0.088760
14 | 50% Overall Increase 0.000360 0.014040 0.089980
15 | 100% Overall Increase (Doubling) 0.000480 0.018720 0.119960

Table 48: Predicted Annual Spill Frequencies due to Structural Failure

Vessel Traffic Assumptions

Loaded Tank Vessels
(Oil Cargo Spills)

Overall Vessel
(Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.003920 0.152560 0.978680
2 | 50% Overall Decrease 0.001960 0.076280 0.489360
3 | 10% Overall Decrease 0.003520 0.137360 0.880840
4 | 50% Decrease in Tank Vessels 0.001960 0.076280 0.900420
5 | 20% Decrease in Tank Vessels 0.003120 0.122120 0.947360
6 | 10% Decrease in Tank Vessels 0.003520 0.137360 0.963040
7 | 10% Increase in Tank Vessels 0.004320 0.167800 0.994300
8 | 20% Increase in Tank Vessels 0.004680 0.183160 1.009980
9 | 50% Increase in Tank Vessels 0.005880 0.228880 1.056920
10 | 10% Overall Increase 0.004320 0.167800 1.076560
11 | 100% Increase in Tank Vessels 0.007840 0.305160 1.135160
12 | 20% Overall Increase 0.004680 0.183160 1.174400
13 | 200% Increase in Tank Vessels 0.015640 0.610320 1.448140
14 | 50% Overall Increase 0.005880 0.228880 1.468040
15 | 100% Overall Increase (Doubling) 0.007840 0.305160 1.957340
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Table 49: Predicted Annual Spill Frequencies due to Equipment Failure

Vessel Traffic Assumptions

Loaded Tank Vessels
(Oil Cargo Spills)

Overall Vessel
(Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.000160 0.006880 0.044200
2 | 50% Overall Decrease 0.000080 0.003440 0.022100
3 | 10% Overall Decrease 0.000160 0.006200 0.039780
4 | 50% Decrease in Tank Vessels 0.000080 0.003440 0.040660
5 | 20% Decrease in Tank Vessels 0.000160 0.005520 0.042780
6 | 10% Decrease in Tank Vessels 0.000160 0.006200 0.043500
7 | 10% Increase in Tank Vessels 0.000200 0.007560 0.044900
8 | 20% Increase in Tank Vessels 0.000200 0.008280 0.045620
9 | 50% Increase in Tank Vessels 0.000280 0.010320 0.047740
10 | 10% Overall Increase 0.000200 0.007560 0.048620
11 | 100% Increase in Tank Vessels 0.0003%0 0.013800 0.051260
12 | 20% Overall Increase 0.000200 0.008280 0.053040
13 | 200% Increase in Tank Vessels 0.000720 0.027560 0.065400
14 | 50% Overall Increase 0.000280 0.010320 0.066300
15 | 100% Overall Increase (Doubling) 0.000360 0.013800 0.088400

Table 50: Predicted Annual Spill Frequencies due to Minor Spill Casualty

Vessel Traffic Assumptions

Loaded Tank Vessels
(Oil Cargo Spills)

Overall Vessel
(Bunker Fuel Spills)

Tankers Tank Barges All Vessels
1 | Current Traffic 0.010 0.394 5.051
2 | 50% Overall Decrease 0.005 0.197 2.526
3 | 10% Overall Decrease 0.009 0.354 4,546
4 | 50% Decrease in Tank Vessels 0.005 0.197 4.647
5 | 20% Decrease in Tank Vessels 0.008 0.315 4.890
6 | 10% Decrease in Tank Vessels 0.009 0.354 4,971
7 | 10% Increase in Tank Vessels 0.011 0.433 5.132
8 | 20% Increase in Tank Vessels 0.012 0.473 5.213
9 | 50% Increase in Tank Vessels 0.015 0.591 5.455
10 | 10% Overall Increase 0.011 0.433 5.557
11 | 100% Increase in Tank Vessels 0.020 0.788 5.859
12 | 20% Overall Increase 0.012 0.473 6.061
13 | 200% Increase in Tank Vessels 0.040 1.575 7.474
14 | 50% Overall Increase 0.015 0.591 7.577
15 | 100% Overall Increase (Doubling) 0.020 0.788 10.102
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Vessel Spill Volumes for Collisions, Allisions, and Groundings

These probabilities only indicate whether there will be a spiéinyf volume Most spills are quite small
and only a very small percentage is large. Spill volume will depend on the accidanmstances, vessel
capacity and loaded volume. The type of oil affects the way in whiabwsfbut. For double-hulled tank
barges involved in impact accidents, the probabilities of different outflow perceatagasn Table 51.

Table 51: Oil Outflow Probability for Double-Hull Tank Barges in Impact Acci dents
% Cargo Outflow (Adjusted) Probability " Cumulative Probability
0.001% 0.180 0.1800
0.01% 0.220 0.4000
0.03% 0.200 0.6000
0.2% 0.110 0.7100
0.5% 0.090 0.8000
1% 0.070 0.8700
3% 0.060 0.9300
7.5% 0.030 0.9600
15% 0.020 0.9800
23% 0.018 0.9980
50% 0.002 1.0000

Outflow modeling has demonstrated that the volumes of outflows for the very lmgjdsnts involving
tankers and tank barges would be reduced by 50% with double hulls. Note alscstisaintieépendent of

the probability of spillage occurring with an impact accident. Double hulls orrmm@ccomplish two
things reduction of the probability of any spillage occurring in the first place, and reduat the
volume of spillage for the very largest incidents by 50%. This is not 8efoa double hulls on bunker
tanks, for which there is a reduction in the probability of spillage occuimiregn impact accident, but
there is no reduction in spillage volume with large incidents. The percentagetftalv probabilities

from tankers (Table 523 based on international studies of the amount of oil actually spilled compared
with the adjusted capacity of the vessel, which was verified by exisilingitflow models developed for

the International Maritime Organization (IMG).

Table 52: Oil Outflow Probability for Double-Hull Tankers in Impact Accidents
% Cargo Outflow Probability Cumulative Probability
0.002% 0.3589 0.3589
0.02% 0.1400 0.4989
0.05% 0.1200 0.6189
0.2% 0.1110 0.7299
0.7% 0.0900 0.8199

8 Based on Etkin 2001; Etkin 2002; Etkin 2003; Etkin and Neel 2001; EtkiMatal 2003; Etkin et al. 2009;
Rawson and Brown 1998; Yip et al. 2011b; NRC 1998; NRC 2001. (@lbw percentage probabilities were
derived from analyses of international data on oil spillage (actual spillage egljssted capacity).

¥ Rawson and Brown 1998; Yip et al. 2011b; NRC 1998; NRC 2001.
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Table 52: Oil Outflow Probability for Double-Hull Tankers in Impact Accidents
% Cargo Outflow Probability Cumulative Probability
1.3% 0.0800 0.8999
3.1% 0.0700 0.9699
20% 0.0300 0.9999
50% 0.0001 1.0000

The bunker outflow probabilities for impacts accidents are shown in Table 53.

Table 53: Bunker Outflow Probability from All Vessel Impact Accidents
% Bunker Outflow Probability P*° Cumulative Probability
0.01% 0.23 0.2300
0.03% 0.17 0.4000
0.15% 0.14 0.5400
1.6% 0.10 0.6400
4.3% 0.09 0.7300
10% 0.08 0.8100
16% 0.06 0.8700
33.3% 0.05 0.9200
59% 0.04 0.9600
100% 0.04 1.0000

Spill Volumes for Non -Impact Casualties

The oil outflow for non-impact casualties, including structural feilequipment failure, and fire tends to
be smaller than that for impact-related events, as shown in Table 54 for tankers,eirbddbt tank
barges, and Table 56 for bunker tafks.

Table 54: Qil Outflow Probability for Non-Impact Incidents in Tankers
% Cargo Outflow (Adjusted) Probability Cumulative Probability
0.01% 0.50 0.5000
0.02% 0.15 0.6500
0.06% 0.11 0.7600
0.16% 0.08 0.8400
0.54% 0.08 0.9200
11.50% 0.08 1.0000

8 Etkin and Michel 2003; Etkin 2001; Etkin 2002; Herbert Engineering 8088; Michel and Winslow 1999,
2002; Barone et al. 2007; Yip et al. 2011a.

8 Based on Etkin and Michel 2003; Etkin 2001; Etkin 2002.
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Table 55: Oil Outflow Probability for Double-Hull Tank Barges in Non-Impact | ncidents

% Cargo Outflow (Adjusted) Probability Cumulative Probability
0.0005% 0.450 0.4500
0.001% 0.120 0.5700
0.002% 0.100 0.6700
0.004% 0.080 0.7500

0.01% 0.070 0.8200
0.02% 0.060 0.8800
0.04% 0.040 0.9200
0.1% 0.030 0.9500
0.6% 0.020 0.9700
1.8% 0.014 0.9840
6.3% 0.004 0.9880
14.3% 0.004 0.9920
18.6% 0.004 0.9960
27% 0.004 1.0000

Table 56: Bunker Outflow Probability from All Vessel Non-Impact Incidents

% Bunker Outflow (Adjusted) Probability Cumulative Probability
0.001% 0.20 0.2000
0.003% 0.15 0.3500
0.008% 0.13 0.4800
0.015% 0.11 0.5900
0.06% 0.09 0.6800

0.1% 0.08 0.7600
0.8% 0.04 0.8000
3% 0.04 0.8400
12% 0.04 0.8800
36% 0.04 0.9200
40% 0.02 0.9400
71% 0.02 0.9600
91% 0.02 0.9800
100% 0.02 1.0000

Summary of Vessel Casualty Spill Probabilities by Volume

Based on current vessel traffic, the expected numbers and probabilities of spidsl telavessel
casualties for tank vessels (tankers and tank barges) were calculated andizednmaifable 57
Expected bunker spill frequencies and volumes were calculated and summarized in Table 58.

Bunker spills and oil cargo spills were combined in Table 59. About seven spills can be expected annually
from vessels on the Hudson River based on current traffic patterns.
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Table 57: Annual Frequency of Cargo Spills from Tank Vessels (Current Vessel Traffic )

Spill Volume Annual Spills Annual Probability

(bbl) Tankers | Tank Barges Tan-lk-(ijzlssels Tankers | Tank Barges Tan-lzccilssels
<1 0.010 0.470 0.480 1in 100 lin2 1in2
19 0.005 0.076 0.081 1in 200 1in13 1in12
1099bbl 0.005 0.088 0.093 1in 200 lin11l 1in11
100099 0.004 0.037 0.041 1in 250 1lin27 1in 24
1,000:9,999 0.003 0.021 0.024 1in 333 1in 48 1in 42
10,000£99,999 0.001 0.011 0.012 1in 1,000 lin9l 1in 83
100,000+ 0.0000015 0.0000000 0.0000015| 1in 666,667 0| 1in666,667
Total 0.029 0.703 0.732 1in345 linl.4 linl.4

Table 58: Annual Frequency of Bunker Spills (Current Vessel Traffic)

82

Spill Volume (bbl) Annual Spills Annual Probability
<1 3.176 1in0.31
19 0.392 1in 2.55
10:99bbl 0.172 1in5.80
100099 0.183 1in5.48
1,0009,999 0.118 1in8.45
10,000+£99,999 0.031 1in32.32
100,000+ 0.000 0
Total 4.073 1in0.25
Table 59: Annual Frequency of Vessel Oil Spills (Based on Current Vessel Traffic)

Spill Volume (bbl) Annual Spills Annual Probability
<1 3.656 1in0.27
19 0.473 lin2.11
1099bbl 0.265 1in3.77
100099 0.224 1in 446
1,0009,999 0.142 1in7.04
10,000+£99,999 0.043 1in 23.26
100,000+ 0.0000015 1in 666,667
Total 4.805 1in0.21

Changes in vessel traffic will, of course, affect the potential numberslisf $piaddition, any changes
related to spill prevention could also affect the potential numbers of spills.rétiietpd probabilities of
spills of different volumes based on hypothetical future vessel trafiicrgg®ons are shown in Table .60
The majority of spills (86%) are of less than 10 bbl. The distribution of spills by voluncerfent traffic

is shown in Figure 32. The estimated annual frequencies of spills of 10 bbl or more are in Table 61.

82 Bunker capacities assumed to be 14,000 bbl for dry cargo stigamkers; and 500 bbl for tank barges, tow/tugs
and dry cargo barges. Bunkers for barges are in tow/tug boats assodiatedrges.
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Table 60: Predicted Annual Spill Frequencies based on Vessel Traffic Changes

Estimated Annual Number of Spills by Volume Category (bbl)

Vessel Traffic Assumption

<1 1 10 100 1,000 | 10,000 | 100,000 | Total
Current Traffic 3.66 0.47 0.27 0.22 0.14| 0.044| 0.0000015 4.81
50% Overall Decrease 1.83 0.24 0.13 0.11 0.07| 0.022| 0.0000007 2.40
10% Overall Decrease 3.29 0.43 0.24 0.20 0.13| 0.039| 0.0000013 4.32

50% Decrease Tank Vessels| 3.16 0.40 0.20 0.19 0.12 0.035| 0.0000007 411

20% Decrease Tank Vessels| 3.46 0.44 0.24 0.21 0.13 0.040| 0.0000012 453

10% Decrease Tank Vessels| 3.56 0.46 0.25 0.22 0.14 0.042| 0.0000013 4.67

10% Increase Tank Vessels 3.75 0.49 0.28 0.23 0.15 0.045| 0.0000016 494

20% Increase Tank Vessels 3.85 0.50 0.29 0.24 0.15| 0.047| 0.0000018 5.08

50% Increase Tank Vessels 4.15 0.55 0.33 0.26 0.17| 0.053| 0.0000022 5.50

10% Overall Increase 4.02 0.52 0.29 0.25 0.16| 0.048]| 0.0000016 5.29
100% Increase Tank Vessels| 4.64 0.62 0.39 0.29 0.19| 0.061| 0.0000030 6.19
20% Overall Increase 4.39 0.57 0.32 0.27 0.17| 0.052]| 0.0000018 5.77
200% Increase Tank Vessels| 6.62 0.91 0.63 0.44 0.28| 0.097| 0.0000059 8.97
50% Overall Increase 5.49 0.71 0.40 0.34 0.22| 0.066| 0.0000022 7.22
100% Overall Increase 7.27 0.89 0.51 0.42 0.26| 0.085| 0.0000080 9.44
Expected Annual Number of Vessel Spills by Volume (Current Traffic)
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Figure 32: Expected Number of Vessel Spills by Volume (Current Traffic)
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Table 61: Predicted Annual Larger Spill Frequencies based on Vessel Traffic Changes
, i Estimated Annual Number of Spills by Volume Category (bbl)
Vessel Traffic Assumption
10 100 1,000 10,000 100,000 Total

Current Traffic 0.27 0.22 0.14 0.044| 0.0000015 0.68
50% Overall Decrease 0.13 0.11 0.07 0.022| 0.0000007 0.34
10% Overall Decrease 0.24 0.20 0.13 0.039| 0.0000013 0.61
50% Decrease Tank Vessels 0.20 0.19 0.12 0.035| 0.0000007 0.55
20% Decrease Tank Vessels 0.24 0.21 0.13 0.040| 0.0000012 0.63
10% Decrease Tank Vessels 0.25 0.22 0.14 0.042| 0.0000013 0.65
10% Increase Tank Vessels 0.28 0.23 0.15 0.045| 0.0000016 0.70
20% Increase Tank Vessels 0.29 0.24 0.15 0.047| 0.0000018 0.73
50% Increase Tank Vessels 0.33 0.26 0.17 0.053| 0.0000022 0.80
10% Overall Increase 0.29 0.25 0.16 0.048| 0.0000016 0.74
100% Increase Tank Vessels 0.39 0.29 0.19 0.061| 0.0000030 0.93
20% Overall Increase 0.32 0.27 0.17 0.052| 0.0000018 0.81
200% Increase Tank Vessels 0.63 0.44 0.28 0.097| 0.0000059 1.44
50% Overall Increase 0.40 0.34 0.22 0.066| 0.0000022 1.02
100% Overall Increase 0.51 0.42 0.26 0.085| 0.0000080 1.28

The likelihood of a spill of 100,000 bbl or more is about 1 in 670,000 with current vesf§el WVith
increased overall traffic, and, in particular with increases in tank vesselsrahabibity increases to as
much as 1 in 25,000. With decreased traffic, the probability likewise decreases (Figure 33 andZ)able

Table 62: Expected Frequencies of 100,000-bbl+ Vessel Spills by Traffic Assumption
Traffic Annual Frequency Annual Probability

50% Overall Decrease 0.0000007 1in 1,428,571
50% Decrease TV 0.0000007 1in 1,428,571
20% Decrease TV 0.0000012 1in 833,333
10% Overall Decrease 0.0000013 1in 769,231
10% Decrease TV 0.0000013 1in 769,231
Current Traffic 0.0000015 1in 666,667
10% Increase TV 0.0000016 1in 625,000
10% Overall Increase 0.0000016 1in 625,000
20% Increase TV 0.0000018 1in 555,556
20% Overall Increase 0.0000018 1in 555,556
50% Increase TV 0.0000022 1in 454,545
50% Overall Increase 0.0000022 1in 454,545
100% Increase TV 0.000003 1in 333,333
200% Increase TV 0.0000059 1in 169,492
100% Overall Increase 0.0000080 1in 125,000
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Expected Number of Vessel Oil Spills (100,000 bbl or more)

Vessel Traffic Relative in Hudson River by Traffic Assumption
to Current

200% Increase T |0.0000054 |

100% Increase T |0.000003d

50% Overall Increase |0.0000024

50% Increase T |0'0000024

20% Overall Increase |0.0000014

20% Increase T |0_0000014

10% Overall Increase |0-000001d

10% Increase T |0-000001d

Current Traffic 0.000001

10% Decrease TV 0.000001 |
10% Overall Decrease[q 0gopo1 |

20% Decrease T |0_0000014 |

50% Decrease T 0.000000

50% Overall Decrease ,=io.000000

0 0.000001 0.000002 0.000003 0.000004 0.000005 0.0000
Expected Number of Annual Spills

Figure 33: Expected Number of Vessel Spills 100,000 bbl or More by Traffic Assumption

Vessel Transfer Spill Rates
Qil spills can occur due to errors or equipment failures during tranpfmations to or from a vessel.
These operations include:

x Fueling or bunkering where the vessel takes on fuel at a fuel dock;
X Taking on (loading) or unloading cargo oil at a terminal;

X 7UDQVIHU RI RLO FDUJR RU 30LJKWHULQJ  IURP D ODUJHU WDC
x Fueling or bunkering of a vessel from a fuel barge.

The first two types of operations are common in the Hudson River. Thesketraperations occur at fuel
docks, marinas, and oil terminals. Another barge was brought in to lighter (oreré¢h®oil) from the
grounded barge onto another tank barge (Figuye 34

With various transfer spill prevention regulations and improvements in safeticesaat docksides and

oil terminals, there has been a significant reduction in the rate of trandferfrepn large vessels (over

300 GRT). Between 1985 and 2004, there was a 96% reduction in the numberfef-tedated spills in

the US® These reductions have been particularly high in jurisdictions that have strict transfer regulations,
including Washington State and California.

8 Etkin 2006a.
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Figure 34: Tank Barge Lighteringﬂafter Grounding at Catskill, NY, April 2017

A conservativ&® estimate of transfer-related spills is a 0.0004 probability of a spill durieny éransfer
operation, or one spill for every 2,500 transfer operations. With the implemerdgastnict standards to
reduce spillage during transfer operations, the spillage rate may be reduced to about a 0.000R€ probab
of a spill during every transfer operation, or one spill every 3,850 transfer iopsfatAssuming that
there is one transfer operation for every loaded tank barge and tanker trathgtHudson River and
about 1,262 loaded tank vessel transits annually (Table 19), there are estimatecdetepik @fioil cargo
every other year based on conservative measures. With increased safety standard® thay be
brought down to one spill of oil cargo every three years. These could beassltsall as one gallon. For
bunkering- or fueling-related spills for large vessels, which includes tanksjesse can assume that the
vessels bunker once every other round-trip transit, or once in four trips.dfateabout 7,000 trips per
year, there would be about 1,750 bunkering operations annually. There would be expected to be 0.5 to 0.7
bunkering spills per yeaor one bunkering spill every 1.4 to two years. Again, these spills tend to be very
small®’

Vessel Transfer Spill Volumes

Generally, spills due to transfer errors are smaller than the spills that eaicur with impact accidents
(collisions, allisions, and groundings). The data shown in Téblend Figure 35 are the spill volumes
associated with a large number of transfer-related spills reported in US waters.

8 Photo: Paul BuckowskiAlbany Times Unionhttps://www.timesunion.com/7dayarchive/article/Barge-hauling-
gas-runs-agrount-Hudson-River-11049029.php#photo-12667926

%i.e., tending to overestimate the risk.

8 Det Norske Veritas (2011b) estimated a spillage rate of 0.00019 spillsyskr @il transfer and 0.00018 for
petroleum product spills.

8" This does not include spills during fueling of smaller vessels, whictoarzed elsewhere in this report.
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Probability Distribution for Volume for Transfer-Related Spills

% Spills

25% \

20% N

15%

10% =

" \

0% \\ o .

0.01 0.10 1.00 10.00 100.00 1,000.00  10,000.00 100,000
BbI
Figure 35: Probability Distribution of Spill Volume for Transfer-Related Oil Spi lIs
Table 63: Spill Volumes for Transfer-Related Incidents ~ *°
Spill Volume Probability Cumulative Probability

<1 bbl 0.72 0.7200
19 bbl 0.18 0.9000
1099bbl 0.09 0.9900
100099 bbl 0.009 0.9990
1,0009,999 bbl 0.0009 0.9999
10,000 bbl + 0.0001 1.0000

While the maximum observed transfer-related spillage is 500,000 gallons (11,905 bbl), theirm#&oim

D SDUWLFXO Iker spitege/wherfthie Ee¥s@l contains less than 500,000 gallons in bunker fuel
would naturally be the bunker capacity of the vessel. Sixty percent Isf @l 10 gallons (0.24 bbl) or
less. Ninety percent of spills are 200 gallons (5 bbl) orfess.

Based on this distribution of spill volumes and the probabilities of transilés, $pe expected annual
number of transfer spills by volume was estimated as shown in Table 64 and Table 65,nbased o
conservative assumptions and with the implementation of transfer regulationgh&toy SDEC does

8 Based on Etkin 2006.
8 Etkin 2006.
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have a licensing requirement for major petroleum facilfleshich generally corresponds to SPCC

regulations. However, there are no specific regulations regarding oil transfati@peisuch as exist in
California and Washington.

Table 64: Estimated Annual Transfer Spills in Hudson River (Conservative)
Annual Spill Rate (Annual Probability)
Spill Volume Oil Cargo Transfer Bunkering Total
(bbl) Annual Annual Annual Annual Annual Annual
Spills Probability Spills Probability Spills Probability
<1bbl 0.365 1in3 0.514 lin2 0.86 linl
1-9 bbl 0.09 linl1l 0.126 1in8 0.216 1in5
10-99bbl 0.045 1lin22 0.063 1lin 16 0.108 1in9
100999 bbl 0.0045 1in 222 0.0063 1in 159 0.011 1in91
1,000-9,999 bbl 0.00045 1in 2,222 0.00063 1in 1,587 0.0011 1in 909
10,000 bbl + 0.00005| 1in 20,000 0.00007| 1in 14,286 0.00012 1in 8,333
Total 0.505 lin2 0.71 linl 1.19622 linl
Table 65: Estimated Annual Transfer Spills in Hudson River (with Transfer Regulations)
Annual Spill Rate (Annual Probability)
Spill Volume Oil Cargo Transfer Bunkering Total
(bbl) Annual Annual Annual Annual Annual Annual
Spills Probability Spills Probability Spills Probability
<1bbl 0.239 lin4 0.365 1lin3 0.6 lin2
1-9 bbl 0.059 1linl7 0.09 linll 0.149 lin7
10-99bbl 0.03 1in33 0.045 1in22 0.075 1in13
100999 bbl 0.003 1in333 0.0045 1in222 0.0075 1in133
1,000-9,999 bbl 0.0003 1in 3,333 0.00045 1in 2,222 0.00075 1in 1,333
10,000 bbl + 0.000033| 1in 30,303 0.00005| 1in 20,000 0.000083| 1in 12,048
Total 0.331 1in3 0.505 lin2 0.832 linl

Pre-Booming during Transfer Operations
In addition to specific safety measures taken to reduce the likelihood of a transfer-reélated)siations

PD\ VSHFLILF WKDW WUDQVIHU RSHUDWER@PHEH" FRKQEGXFWHGV ZW!
containment boom is used to encircle the vessel or otherwise contain any spillpdagiinst the dock
where it may be more easily removed with vacuum pumps or skimmers.

This measure does not prevent oil from spilling, but may, under certain cosdji@vent the spread of
the oil beyond the containment area. There are limitations to this pootsttategy, however. First, the
containment boom will not be completely effective if the currents in the area excekdo®s7 The
effectiveness reduces quickly as the current velocity exceeds this value.

% Article 12 of Navigation Law, 6 NYCRR Part 610 and 17 NYCRR Part 30.
94 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Secondly, pre-booming can be dangerous during the handling of particularly volatile pradwett as
gasoline, and, possibly, Bakken crude oil. The volatile vapors from the spilled oilmalddup in the
event of a spill increasing the likelihood of a fire or explosibime lack of boom placement around a
vessel does not necessarily indicate negligence on the part of the operator. The placeboam of
around vessels during transfer operations needs to follow regulatory requirements and befiect
practice.
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Potential Oil Spillage in Hudson River: Recreational Vessels

Smaller vessels, including recreational vessels, workboats, and fishing aeselso potential sources
of oil spillage. Nationally, there has been a 74% decrease since the 1970s, and a 528 issdoetthe
1990s, in the annual volume of oil spilled from these types of veéss@lerall, about one bbl of oil spills
each year for every 2,900 vessels.

Hudson River Recreational Vessels

According to the New York State Office of Parks, Recreation, and Historicri”zagea (ORPHP), the
vessel registrations of the counties along the Hudson River are as shown in TablesGB6aiNoot all of

the boats would necessarily be exclusively used in the Hudson River. There are lakabeand o
waterways in some of the counties that might also be locations for recreational Boating.

In HROSRA Volume 1, these vessels were mentioned as potential resourcesythag¢ wiled in the
event of a spill, as well as a means to demonstrate the degree to which recreational boatingpigaant im
and valued cultural activity in the Hudson River. At the same time, eablesd# boats is a potential spill
sourceas well*

Table 66: 2016 Vessel Registrations by County and Length ~ **
Vessel Class
County Total Uncoded Class A Class 1 Class 2 Class 3 Class 4
<16 ft 16-25 ft 26-30 ft 40-64 ft . W

Albany 8,879 23 3,457 4,776 574 35 14
Bronx 2,292 5 856 936 434 44 17
Columbia 2,780 3 1,169 1,486 107 15 0
Dutchess 6,260 10 2,807 2,864 541 34 4
Greene 2,260 5 868 1,199 176 8 4
Orange 8,133 22 3,927 3,603 524 46 11
Putnam 2,904 7 1,122 1,529 224 20 2
Rensselaer 5,709 3 2,447 2,953 282 23 1
Rockland 3,904 10 1,882 1,384 556 55 17
Ulster 5,103 7 2,243 2,411 407 32 3
Westchester 11,060 16 3,525 4,964 2,153 350 52
Total 59,284 111 24,303 28,105 5,978 662 125

Estimated Oil Spillage from Recreational Vessels
According to the ORPHP, there are abou?0 reportable boating accidefftper year in the Hudson
River. Generally, about 80% of these accidents include some kind of damage totthehimbacould

1 From ERC database.

92 For example, Westchester County has shorelines along the Long IslarliSaddition to the Hudson River.

% The potential for smaller personal watercraft and outboard motor boagingerith gasoline in two-stroke
engines to contribute to oil inputs to the river is described in another setthia report.

**NYS ORPHP 2017.

% NY ORPHP 2017,
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conceivably cause a spill of fuel. Therefore, there are about 16 potentialpgpifear. In addition to
accident-related spillage, there are also spills relating to transfers during fueloogerat

Most recreational vessels have fuel tanks of 0.5 to 3 bbl. The largest gaohhold as much as 250 bbl.
The estimated total annual volume of oil spillage from recreational vesdbks Hudson River is about
20 bbl. This is based on the number of vessel registrations and the US average per-baat sbill r
0.00034 bbl/year per vessel. With an estimated 16 annual accidents, this comes tb.3ahbdltper
accident. There would be smaller volumes of spillage for smaller vessels, and more farasger

% Including incidents that result in the loss of life, injuries reqgimmore than basic first aid, and total property
damage to any one party in excess of $1,000.
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Potential Oil Spillage along Hudson River: Railroad

Trains can be sources of oil spillage into the Hudson River in two mains@ls of oil cargo from tank
cars carrying crude oil and/or refined oil products, and spills of fuels anddotwgifrom locomotives.
Note that since this study focuses on oil spill risks to the Hudson River, it doesladeianalyses of
risks to inland areas from the transport of oil.

Commuter Railroad Lines on Hudson River Eastern Shore

Significant distances along both the eastern and western banks of the HudsoarRicovered with
railroad tracks, which often run within yards of the high tide line (seeexample Figure 36 The
Hudson Line of the Metro-North commuter rail of the Metropolitan Transportation AiytligdTA) runs
along the eastern bank of the river between Spuyten Duyvil and Poughkeepsie (Figluighn8 Hudson
Line has 24 stations from Spuyten Duyvil to Poughkeepsie. The line is electrifigdtifivd rails) to
Croton-Harmon Station. Trains traveligm Grand Central Terminal (in Manhattan) to stations beyond
Croton-Harmon as far as Poughkeepsie are pulled or pushed by diesel-powered loc8otives.

Figure 36: Metro-North Hudson Line Tracks at Riverdale Station

There are 32 southbound and 31 northbound diesel-powered trains operating each wetkézyew
trains on weekends and holidays. Each diesel loconidtiaeries between 1,800 to 2,400 gallons (43 to

% South of Spuyten Duyvil, the Hudson Division runs along the Hafkéver on the Bronx (east) side before
crossing over to the island of Manhattan near East'Egeet in Harlem.

% The diesel locomotives are located at the northern end of the trainplibk the trains south to Grand Central
Terminal and pull the trains on the northward transit. The diesel locomotesjaipped with third-rail shoes for

electric operation in the Park Avenue to Grand Central Terminal tunnel. Comkgetsified trains operate only

between Grand Central Terminal and Croton-Harmon station.

% GE P32AC-DM model.
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57 bbl) of diesel fuel plus 410 gallons (9.8 bbl) of lubricants. The maximuspillhge from a Metro-
North train locomotive is 67 bbl.
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Figure 37: Metro-North Railroad Line Map

Amtrak Passenger and Freight Rail Service on Hudson River Eastern Shore
The eastern-side tracks are used by both Amtrak for long-distance passengamtieé® and by CSX
operating partners for freight traffic. The Amtrak and freight trains go to Albany and beyond.

The Amtrak trains go as far as Albany-Rensselaer (on the eastern shore) betorg efflito the east,
north, and west. Along the Hudson corridor, there are stations in New York Cityxastdtgins between
Yonkers and Albany-Rensselaer (Figure 38). The total mileage along the HRn®ons about 133
miles. There are 15 passenger trains in each direction (northbound and southbound) on most days or about

100 Amtrak trains follow tracks that turn westward at the confluend@Harlem and Hudson Rivers at Spuyten
Duyvil and run along the eastern shore of the Hudson River bgdarg into various tunnels.
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10,000 trains per year. The Amtrak passenger trains are pulled by diesel lgesmadtimtrak
locomotives™ have a fuel capacity of 2,200 gallons (52 bbl) of diesel fuel, as well as 410 ¢&li®ns
bbl) of lubricants. Most Amtrak trains are pulled by two locomotives. The mamimmount of oil
carried by a single Amtrak train is 124 bbl.

Amsterdam

Schenectady

Albany-Rensselaer

Hudson

Rhinecliff-Kingston

Poughkeepsie

Croton-Harmon "

Yonkers

Long Island
Brookha

New York Penn Station

|30km|

Figure 38: Amtrak Stations along Hudson River Eastern Shore

The freight rail service on the eastern shore does not include the transpait whins of tank cars
carrying crude oil or ethanol. There are currently about five freightstzen day (about 1,800 per year).
Freight trains would have one or two locomotives depending on the length of the b@iambunt of
fuel carried on each locomotive is approximately 131 bbl. The maximum spillage couldthdref262
bbl.

191 GE Genesis P42DC model.
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Freight Rail Service on the Western Hudson Shore

The CSX-owned railroad line on the western side of the Hudson River is dal&ivier Subdivision. It
runs along the shore from just south of Haverstraw north (Milepost 38.5) to WegqiMHapost 78.1),
which is across the river from Hyde Park. Here begins a more inland roate rgmin. The shore-side
rails run approximately 39.6 miles with occasional tunnels and short sectionsetinat airectly on the

shore (e.g. small peninsulas) (Figure 39).
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Figure 39: CSX River Subdivision on Western Shore of Hudson River %

The River Subdivision is used exclusively for freight traffic. There ifonger any passenger service on
this line. Freight traffic consists maostly of intermodal (i.e., shippingainets that can be transferred to
trucks or ships), mixed-commodity, and TOFC (trailer or flat carhdrarhese freight trains number
about 30 to 40 trains per day on weekdays, 36 to 48 trains on Saturda¥6,tarB trains on Sundays.
Included in those train numbers are two to four daily ethanol unit trains @aaléd and half empty)

Currently, there are no regular crude oil unit trdfisThe total weekly freight traffic on the River
Subdivision is about 200 to 275 trabas 10,500 to 14,300 trains annuaﬂ?f/.These longer freight trains

192 hitps://www.csx.com/index.cfm/customers/maps/csx-system-map/

193 Crude oil trains are discussed in greater detail in the next section.

104 https://en.wikipedia.org/wiki/River _Subdivision (CSX_Transportation)
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generally have two to four locomotives carrying a total of 262 to 525 bbl of.drResgardless of whether
the freight cars are loaded or empty, there would be locomotives carrying diesebfutbtle ethanol unit
trains each carrying 50 to 100 tank cars, there could be a total of 32,500 to 65,00@thbhol being

transported (one way) on 365 to 730 trains per Y&ar.

Crude -by-Rail (CBR) Transport along Hudson River

In January 2014, Governor Andrew M. Cuomo issued Executive Order 125 directingggatées to
LPPHGLDWHO\ FRQGXFW D FRRUGLQDWHG UHYLHZ RIRDHDQX®RUN €
response capacity based public concern mainly about the risk of transport of cludeadjlbut also by

vessel. There had beadramatic increase in the crubg-rail (CBR) transport through the state. In April

2014, the New York State Department of Environmental Conservation (NYDEC) andagtmesie¥®

issued a report that concluded that the state faced a particular risk asr @andpait for the crude oil

boom, particularly from North Dakota Bakken crude, but also from diluted bituroemAtberta. There

was oil being transported both by unit trains down the western Hudson River{RhaeSubdivision)

and by tank barge down the river after being offloaded from unit trains in Albany (Figure 40

Crude Oil Transportation Corridors in New York State, Rail and Water
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Figure 40: Crude Oil Transportation Corridor in New York State 1o

The increase in CBR traffivhich totaled 15 to 30 loaded trains per weaskresponded to the increase
in rail loadings in North Dakota that began in 2012 (Figune B&ginning in 2011, crude oil producers in
the Bakken (North Dakota) began to largely depend on railroads to transportfiaasigishare of their
output to market simply because there was insufficient pipeline capacity sth@erude oil out of the

195 Ethanol spills are not addressed in this report.

1% NYDEC 2014.

197 NYDEC 2014.

102 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



area to markets. The CBR routes from the Bakken formation in both the US and @arefdeeries
St. John, New Brunswick, and New Jersey are shown in Figure 41.

MAJOR NORTHEAST BOUND OIL TRANSPORT ROUTES
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Figure 41: Major Northeast-Bound Oil Transport Routes ~ '®

Crude-by-rail loadings in North Dakota have been on the decline since they peakattm2@14, as
new pipeline capacity and lower crude production began to chip away at the volumes (Figure 43)

ND monthly average rail loadings (bpd)
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Figure 42: North Dakota Average Rail Loadings (Barrels per Day)

198 Cyshing 2016.
199 https://www.genscape.com/blog/north-dakota-crude-rail-loadings-plumapststartup-imminent
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Oil produced at remote locations has litilero value unless those barrels can be efficiently and cost-
effectively transported to market. The Bakken region in western North Dakota stednellontana
provides a specific example of a production area having insufficient trarigpoitdrastructure to move

the production to where the demand for that product is located. For many year® phershale oil
revolution, long-existing pipeline capacity out of the Bakken could handle the modestegolof
conventional oil being produced there.

By 2011, Bakken tight/shale oil production had begun a steep, rapid rise, quicktiyppuig available

pipeline capacity which resulted in pipeline congestion and significant price disgpwhile Bakken

producers and midstream (pipeline) companies scrambled to develop alternative rondeketo The

initial solution to the lack of transportation infrastructure was theldpment of rail loading terminals

which could be constructed quickly and at relatively modest costs, and thdsadwify terminals could

XVH H[LVWLQJ LQIUDVWUXFWXUH HJ WKH QDWLRQYV UDLOURDG)\

Crude-by-rail (CBR) also allows for destination flexibility, similar tessel transportation; in other
words, if a producer could achieve higher netbacks (the crude sale price minus tatinspoosts from
the wellhead) from railing its crude to the East Coast or the West @ed#bie( of which is connected to

10 50urce: American Association of Railroads.
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crude producing regions via pipeline) instead of the Midwest or the Gulf Coast then it was fedsdde t
it on rail cars and ship it to the East or West Coast. In all, 21 bulk storagaildodding terminals were

built in the Bakken crude production area. [Note that the estimated totatdpdgity is the equivalent of
9 to 11 CBR unit trains, depending on loading and train length.]

Table 67: PADD 1 Crude- by-Rail Offloading

Crude-by-Rail Terminal/Operator/Owner(s) Location ESU”}%E? dg;pacny
Enbridge Rail/Canopy Prospecting/Eddystone Rail Company | Philadelphia, PA 60,000
Buckeye Partners LP/Albany NY Terminal Albany, NY 135,000
Carlyle Refinery/Philadelphia Energy Solutions Philadelphia, PA 140,000
Global Partners LP Albany, NY 160,000
NuStar Energy LP Paulsboro, NJ 30,000
PBF Energy Delaware City, DE 110,000
Plains All American Pipeline LP Yorktown, VA 130,000
Sunoco/Eagle Point Terminal Eagle Point, NJ 20,000
Total 785,000

Shifts in CBR Transport Patterns

The steady reduction in national CBR transport that began to occur in 201reghed in a 50%
reduction by 2017 affected New York by virtually ending the CBR transport indte sy late 2015. (

Much of this reduction in the use of rail to transport crude oil is due tshifigo pipelines and a shift in
refinery usage in the Northeast. As of 1 June 2017, the 470,000 to 570,000 bbl/day Dakota Access
BLSHOLQH '$3/ FRPPHQFHG R $yHudbleé pRddcet$td firieFrBdbde fheir use of
CBR transport.

Table 68: Changes in Crude- by-Rail Oil Movements to Northeast ***
Thousand Bbl/Day
12 (CBR Train Equivalents/Day)

Movement June June June June May June Sept Oct

2010 2014 2015 2016 2017 2017 2017 2017

North Dakota 3.25 3354 382.2 151.45 49.4 79.3 6.5 57.2
to Northeast Tbbl/day | Thbl/day | Thbl/day | Tbbl/day | Thbl/day | Tbbl/day | Thbl/day | Tbbl/day

(NJ) 0.05 5.16 5.88 2.33 0.76 1.22 01 0.88
trains/day| trains/day| trains/day| trains/day| trains/day| trains/day| trains/day| trains/day

0 90.35 24.05 0 20.15 0.65 17.55 13
Canada to Thbbl/day | Thbl/day | Thbl/day | Tbbl/day | Tbhbl/day | Thbl/day | Tbbl/day | Tbbl/day

Northeast (NJ) 0 1.39 0.37 0 0.31 0.01 0.27 0.2
trains/day| trains/day| trains/day| trains/day| trains/day| trains/day| trains/day| trains/day

Today, there are fewer shipments of crude oil by rail from the Midwest (PADD 2)eBagkioduction

fields to the East Coast (PADD 1) refineriddgure 44. Crude oil shipments by rail have generally

decreased for several reasons, including narrowing price differences betweenicdamgsmported

11 yS Energy Information Administration (EIA) data.
12 Note that not all movements from North Dakota transit through New Yome g through Pennsylvania.
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crude oil, the opening of new crude oil pipelines, and declining domestic production indived¥liand
Gulf Coast onshore regiong=igure 45 as well as refinery production reductions due to refinery
closures.
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13 US Energy Information Administration.
14 350urce: US Energy Information Administration
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Market Forces Driving Crude Oil Transport

The economics of CBR transportation depends largely on the relationshigbehgeorices of domestic
and international crude oils including transportation costs. Domestic crude oil$ ipribe Midwest and
western Texas are no longer heavily discounted relative to imported crude oils pribedNorth Sea
although that pricing spread fluctuates from time to time benefiting one ometeanother causing
refiners to alternate supply. The narrower the spread between domestic and ignpoldeails, the more
likely US coastal refiners will choose to run imported crudes rather thaestionsupplies shipped by
rail. One should also be cognizant that pricing is not the only criteein@r looks at, the type of crude
or the crude slate, is also a consideration since some refineries are designed to runudeawyhide
others are optimally engineered to run lighter crudes.

Each refinery has a programming model of their facility that refléeis specific capacities, limitations,
and processing options (e.g., ability to maximize gasoline yield and diesd). yidlese refinery

configurations allow the refiner to evaluate specific crude supply options égrgnthe estimated crude
oil cost, crude oil characteristics (percentages of naphtha, kerosene, othetedistilanolecules in the
crude oil), and the estimated and wholesale (spot) market prices for the refinery products.

Generally, refineries evaluate crude oils available to them based on thdornaad available crude oil
supply. Refiners in PADD 1 focus on purchasing the cheapest foreign low-suléureet crudes they
can, and select the crude oil that provides them the best product yield fondleepcice. For example,
PADD 1 refiners have been acquiring railcar supply of Bakken crude from NortheDiadcause, even
with relatively high railcar shipping costs, Bakken crude arrives on the Bast & a much lower price
than other crude oil with similar characteristics imported from Africa. él@n as we have seen herein,
the continual fluctuation of the spread between domestic and foreign supplydegsraliese PADD 1
refineries to alternate crude oil supply to take advantage of the most optimakkedand pricing at
various times (Figure 46

But economic conditions changed and the pricing differential between WTI and Bopped. Over the

years, incremental pipeline capacity out of the Bakken has been significantly #udedrowth in
SLSHOLQH FDSDFLW\ UHVXOWHG LQ D QDUDRZLLQBSIRUWHKE RULD
other factors have led to a sharp decline in rail shipments of crude oil.

Crude purchases and supply will change based on worldwide market pricing with the added transportation
costs. In January 2017, For example, a January 2017 Reuters articléhstdte&IEast Coast refiners are

on a Brazilian crude buying spree, displacing West African cargoes as produdess dRoyal Dutch
6KHOO DQG 1RUZD\YfV 6WDWRLO VHOO ER MY/ sRoMyWSHaryI20R7P ILHOC
numbers follow a surge in Brazilian oil shipments into the region that stagie8eptember that pushed

the annual figure for all of 2016 past 2012 volumes. The lower price of West Atrigda caused an
increase in the volume shipped. Brazilian medium grades compete with some African espdemlly

those from Angola. Brazilian crude was once a mainstay on the US East Coast, averagihg50,000

bpd in 2009, on the eve of the shale revolution that upended trade routes. US Bakken crude pushed out
foreign imports on the East Coast from 2010 until 2015, but the reliance ontdoswugplies proved
short-lived.

> Renshaw and Parraga 2017.
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East Coast (PADD 1) Imports by PADD of Processing of Crude Oil
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Figure 46: East Coast PADD 1 Crude Oil Foreign Imports
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In a Morningstar Commodities Researelticle in July 20177, it was explained that the three largest
East Coast refineries in PADD 1, have been oiholler coaster ridé over the past decade. Prior to the
advent of shale crude, they were under constant threat of closure as afrsBtiltking margins in an
oversupplied North Atlantic market. Shale crude bought discounts for domestic baatefsatie rail
deliveries to these refineries viable and gave them a new lease of lifdeBatdiscounts narrowed as
new pipeline infrastructure came on line, making rail shipments to the East Coast too expensive.

Bakken discounts narrowed in 2015 as new pipeline capacity reduced takeaway congestidtoait of
Dakota. The unexpected repeal of 1970s-era US crude export regulations in December B845 furt
eroded price discounts for domestic crude. As a result, rail volumes from North BakwtaEast Coast

fell from a peak 458,000 bbl/day, in November 2014, to 90,000 bbl/day by March 2017, accotling to
US Energy Information Administration. Refiners reduced their rail shipmentsnionom committed
volumes, and wrote off their investments in terminals. Rail shipments to the East r€wab
uneconomical this year, as withessed by the shuttering of the Eddystone ternmfialadgelphia in
February after a fall in oil prices made it uneconomical to deliver thes dnuthe East Coast combined
with a contractual dispute. It remains to be seen what the long term situdtidre with Eddystone
terminal.

In April 2017, Philadelphia Energy Solutions (PES) Inc., the largest refindreod$ East Coast, stated

thatit ZRXOG QRW EH WDNLQJ DQ\ UDLO GHOLYHUDRHVWX®H 1RKMWK 'DW
considered by market observers to be a sign that the impending start of the Dakot Pipetise is

upending trade flows.

$W LWV SHDN 3(6 ZRXOG KDYH URXWLQHO\QWDNB Q HI5E B KW KWK D M Ik
daily. But after the $3.8 billion Dakota Access Pipeline began interstate cruddiwhden 14 May

118 Source: US Energy Information Administration

o Morningstar Commodities Researeaiticle July 3, 2 6DQG\ ) LESt Gbb& Réfineries Recover from
6KDOH /RVV’
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2017, it was considered to be more lucrative for producers to transportrefineries in the US Gulf
Coast via this route. According to oil market analyst® @ HVV W K H esddh\evenQ like @ IRpply
disruption, there will be no economic incentive to rail Bakken to the East Coast.

It should be noted, that crude oil demand for PADD 1 refineries have been negatpatyed by the
closure of the following refineries with approximate throughput of 469,000 bmdbaut 29% of the
PADD 1 capacity. Due to continuing economic conditions and environmental regulatisresxtiemely
doubtful that any significant additional refinery capacity would come on lineplaae the capacity lost,
which includes:

X X X X

Sunoco Eagle Point, NJ, 145,000 bpd capacity, closed 2/10
Sunoco Marcus Hook, PA, 178,000 bpd capacity, closed 12/11
Western Refining, Yorktown, VA, 66,000 bpd capacity, closed 12/11
Chevron Perth Amboy, NJ, 80,000 bbl/day capacity, closed 7/12

Refineries still operating*®

X

Delaware City Refinery (190,000 bbl/day):PBF Energy Partners, Crude is supplied via barges
on the Delaware river and via rail; PBF signed an agreement with ContineggaurBes to
supply the refinery with Bakken crude oil; 2013 - Railway crude unloading facilities completed
Bayway Linden Refinery (238,000 bbl/day):The refinery processes mainly light, low-sulfur
crude oil; Crude oil is supplied to the refinery by tanker, primarily ftbenNorth Sea, Canada

and West Africa; From 2013, Global Partners will use its rail transloadingstics and
transportation system to deliver crude oil from the Bakken region; 2013 - Phillipsrébasiy

year supply agreement with Global Partners for Bakken Crude

Nustar Paulsboro Refinery (74,000 bbl/day):The refinery purchases heavy crude from
Petréleos de Venezuela S.A but terminated that supply contract in 2014; In 2012 NuStat planne
to start importing heavy crude from Canada by rail; 2014 - Lindsay Goldberg extdbi
refinery.

Paulsboro Refinery (160,000 bbl/day)PBF Energy, Receives a variety of feedstocks from its
deepwater access on the Delaware River including sour crudes such as Arab Lighte@rab H
Hamaca, Urals and Kirkuk

Philadelphia Refinery (335,000 bbl/day):Carlyle Group and Sunoco Joint Venture. Most of the
FUXGH RLO SURFHVVHG DW -&a eridR §il TheH ¢fin®riA prdcklsged cvude L J KW
RLOV VXSSOLHG IURP IRUHLJQ VRXUFHV $SSUR[LPBWH®™YV SH
Philadelphia and Marcus Hook refineries during 2010 came from Nigeria; The yeiinaiso
processing a small amount of Bakken Crude

Trainer Refinery (190,000 bbl/day):Monroe Energy (Delta), Trainer Refinery processes mainly
light, low-sulfur crude oil; Trainer receives crude oil from West and Nortltd&nd Canada; At

least a third of the crude is to be supplied by the Bakken; 2013 - The rafoeiyes its first
delivery of Bakken Crude; 2014 - Bridger signs 5 year agreement to supply Bakken Crude

18 5ource: A Barrel Full websitéttp://abarrelfull.wikidot.com/homéNote that some crude oil supply information
may be dated.
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Market analysts® continue to opine that by returning to a slate of imported crude, the largeStdaast
refiners in theory reverted to the same economic dilemma they faced het@@@ and 2012. At that
time, larger refineries in the region struggled to break even, separds with approximately 390,000
bbl/day capacity were closed, and plans were advanced to close the two Philadgipbizes now
operated by PES and Monroe Energy (part of Delta Airlines). Along with rivadlseitlantic Basin,
these refineries relied on relatively expensive light sweet crude feedstoskldmdfined products into a
market where demand was static or shrinking. With no real progress having beenonzatiiress
overcapacity in the Atlantic Basin since 2012, all the signs indicated thdtrtee largest East Coast
refineries, which are configured to process light sweet crude, would once again beblellttecdosure
after losing the advantage of cheap domestic shale crude delivered by rail.

Short -Term Changes in Oil Movem ent

While there appear to be general changes away from bringing crude oil througidgmnHiver (by rail
or tank vessel), there are unpredictable circumstances that may cause arshant-patentially future
longer-term, shift back to crude oil transport through the river.

An example of this is the effect of the recent Hurricanes in the GuMlexico and Caribbean Sea
(Harvey, Jose, and Maria). According to a 25 September 2017 Bloomberg News remorhdlyebe
temporary shifts in the transport of crude oil to refineries in the Northeaktding the temporary use of
crude oil traing?°

At least two East Coast refineries are making less gasoline and diesel as rough Atlasitic se
hamper the transfer of crude oil from ships to barges for delivery to the fagifig@ple familiar
with operations say.

Philadelphia Energy Solutions Inc., which operates the largest oil-refining complergéne

1HZ <RUN +DUERU PDUNHW ZDV VDLG WR FXW UDWHYV DERXW
Trainer in Pennsylvania ran out of crude and had to put its crude units into circulatido,|

heated but not processing. Unless supply is replenished within a few days, Trainemwill

vacuum gasoil through the crude units to keep them running and to provide feedstock for
processing units like the fluid catalytic crackers.

SBURGXFW SULFHV DUH UDOO\LQJ LQ UHVSRQVH WRJHWXIOQW U\
LQ ORZHU SURGXFW DYDLODELOLW\ LQ WKH VK® $BWVWHUPW HBC
LLC in Houston, said in a phone interview Monday.

Using feedstocks like gasoil instead of crude would further limit the amourdl & fefinery can
produce and deplete East Coast inventories that were already run down after Hurricaneg Harve
and Irma. Gasoline and diesel futures surged Monday, with diesel reaching a two-year high and

19 Morningstar Commaodities Resear@dUW LFOH -X O\ E&<D Cast Refike@es Re@ovér from
6KDOH /RVV’

120 hitps://www.bloomberg.com/news/articles/200%25/rough-seas-slow-crude-deliverigsu-s-east-coast-
refineries
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gasoline touching levels last seen right after Harvey shut almost a quartefS ofefining
capacity.

Philadelphia Energy also ordered as many as eight train loads of Bakken crude from North
Dakota to supplement crude quickly at its 335,000 barrel-a-day refi@nde from the Great
Plains is looking more attractive to coastal refiners as US benchmark West Texas Iratgmedi
crude sank to the steepest discount since 2015 to Brent, the international marker. The Trainer
refinery was forced to cut rates after running above its 185,000 barrel-a-day nhameplate capacity
last week.

Large swells generated by Hurricane Maria are affecting most of the East Coast of thg Unite
States, according to the National Hurricane Center advisory at 8am Eastern time Tuesday. At the
mouth of Delaware Bay, waves were forecast to build Monday and Tuesday, peaking at about 10
feet on Sept. 27 as Hurricane Maria moves north.

The storm, which devastated Puerto Rico last week, was forecast Monday to graze the North
Carolina coast before turning east in the Atlantic. It will create rough seas afengdst Coast

as it passes. A wave of 3.6 feet was reported at 6 p.m. local time Monday at the mouth of
Delaware Bay DFFRUGLQJ WR WKH 1DWLRQDO 'DWD %XR\ &HQWHU T
at the buoy, about 30 miles from Cape May, New Jersey, had reached 5.2 feet.

7TH[DV UHILQHULHV LQFOXGLQJ ([[RQ ORELO &RUS TV %HDXPR
tryinJ WR UHVWRUH QRUPDO RSHUDWLRQV DIWHU +DUYH\TV $XJ

S&RQWULEXWLQJ WR WKH SULFH UDOO\ LV W&HWDOKW®YOW KUIHW WR
RSHUDWLRQV VLQFH +XUULFDQH +DUYH\ "~ /LSRZ VDLG

Crude -by-Rail Accidents

The period of CBR transport along the Hudson River and through the stgieciral caused considerable
concern about the possibility of an accident that would cause spillage ang/andi explosions. These
concerns were driven by media reports about CBR accidents. There were a nu@giRrastidents that
occurred during 2012016, as summarized in Talgé.

The occurrence of these accidents in apparent rapid succession when there had beaized pilbhil
accidents in previous years heightened concerns about continuously increasing riBis adaiZients.
Clearly, the July 2013 Lac-Mégantic accident in Quebec was of greatest conegrihgit/there were 47
fatalities. But even incidents involving smaller volumes of spillage, espetti@se that involved fire,

have created apprehension about CBR traffic through populated areas. The consequences Bf any CB
accident would be dependent on the volume spilled, whether ignition occurred, and the lspatidn
involved, especially with regard to the proximity to populated areas.
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Table 69: Notable CBR US and Canadian Accidents with Spillage during 2013

2016

CBR Incident

Accident Date

Outcome Synopsis

Parkers Prairie,
Minnesota

27 March 2013

14 tank cars derailed
1 car ruptured

714 bbl spilled

No fire

Minimal damage due to frozen ground

7 tank cars derailed
2 tank cars released oil

el Al 3 April 2013 Fire (put out by local firefighters)
640 bbl spilled
63 tank cars derailed
37,719 bbl spilled
Lac-Mégantic, Quebec 5 July 2013 47 fatalities

2,000 people evacuated
Extensive damage to town

Gainford, Alberta

19 October 2013

9 propane cars derailed
4 crude cars derailed

3 propane cars burned
No crude burned

One home damaged

Aliceville, Alabama

7 November 2013

30 tank cars derailed
12 tank cars burned
10,846 bbl spilled
No injuries

Fire

Wetland impact

Casselton,
North Dakota

30 December 2013

Collision

20 crude cars derailed
Explosion/fire

> 9,524 bbl spilled

1,400 residents evacuated
No injuries

Plaster Rock,
New Brunswick

7 February 2014

5 tank cars derailed
5 tank cars burned
45 homes evacuated
3,000 bbl spilled

45 homes evacuated
No injuries

No fire

Vandergrift,
Pennsylvania

13 February 2014

19 tank cars derailed
4 tank cars spilled oil
108 bbl spilled

No fire

No injuries

Lynchburg, Virginia

30 April 2014

X X XX X X X XX X X X X X XX X X X X X[I[X X X X X X|X X X X X[X X X X X|X X X X|X X X X X

15 tank cars derailed
3 tank cars burned
1,190 bbl spilled

121 Etkin et al. 2015b.
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Table 69: Notable CBR US and Canadian Accidents with Spillage during 2013 2016

CBR Incident Accident Date Outcome Synopsis

Immediate area evacuated
Some oil in river
No injuries

6 tank cars derailed

1 tank car spilled oil
155bbl spilled

Spill contained in ditch
No fire

LaSalle, Colorado 9 May 2014

27 tank cars derailed

14 tank cars burned

9,800 bbl spilled

Oil entered Kanawha River

Drinking water source for two counties affected

Mount Carbon,

West Virginia 16 February 2015

35 tank cars derailed
7 tank cars caught fire
4,900 bbl spilled

Gogama, Ontario 14 February @15

69 tank cars derailed
7 tank cars caught fire
4,709 bbl spilled

Gogama, Ontario 7 March 2015

11 tank cars derailed

Several cars burned

1,000 bbl spilled

Some oil entered Columbia River

Mosier, Oregon 3 June 2016

X X X XX X X[|X X X[X X X X X|X X X X X|[X X X

Lac-Mégantic Incident

The 5 July 2013 incident at LaGpJDQWLF 4XHEHF UHSUHVHQWHG D 3SHUIHF
contributed to the accident and its consequences. This particular set of circumstankcesiov be

expected to occur in the US due to regulations and railroad operating practices in place, mostlynportant

X A train would not be left unattended in this manner;
X The locomotive conditions in this incident would not be considered acceptable; and
X A train with hazardous cargo would not be operated by a single person.

The use of safer tank cars (as per DOT-117 specifications) and the lower vahttityditioned Bakken
crude would also significantly reduce the probability that this seriesenit®eould recur in this manner.
A synopsis of the event and an analysis of the spillage is presented here so thantke apblied in the
impacts modeling can be benchmarked against it.

For the Lac-Mégantic incident, the volume of oil can be accounted for in three phlases.were 72
DOT-111 cars loaded with a reported 7.7 million liters (48,432 bbl) of Bakken crude with gach ca
holding about 672.66 bbl (28,252 gallons). A total of 63 tank cars derailed (haloling 42,378 bbb

RI WKH WUDLQYV W bW, BDhbMof all WerR kfdor@dRol h&vE been released from
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the tank car$? Only four cars released no oil (2,961 bbl). An additional 1,964 bbl of oil reeneved
from damaged cars that did not entirely release their contents. About 100,G0®R@bbl) ended up in
Mégantic Lake and the Chaudiere River by way of surface flow, undergroundaiidiitr and sewer
systems. An undetermined amount of oil saturated nearly 77 acres of land.

Of the 63 derailed cars, 37 cars (holding approximately 24,888 bbl) had a breaghedesho impact

GDPDJH RI WKHVH FDUV KDG 30DUJH™ EUHDFKHV KDG 3PHC
breaches. The remaining 26 cars had no breach, although 22 of the non-breachad aalsast some

denting. Only four derailed cars had no discernible damage (Figure 47

There appeared to be three types of releases from the derailed tank cars:

x Phase 1A (Instantaneous Derailment-Damage-Related Release$)venty-one carsearly
instantaneouslyeleased their entire contents (14,126 bbl) due to the size of the breaches (of a
large size commensurate with car diameter);

X Phase 1B (Subsequent Derailment-Damage-Related Releaség).additional 12,177 bbl of olil
were subsequently released from about 18 cars with lesser degrees of damage; and

x Phase 2 (Burn-Through- and Thermal-Tear-Related ReleaseskFour cars released 2,691 bbl
of oil due to thermal tears that occurred as a result of the fire 20 minuteger after the initial
releases; 13 cars later experienced localized loss of contents due to burn*th(8ur#s bbl).

Damage to Derailed Cars in Lac-Megantic Incident

Large Breach
21
33.3%

Small Breach
4
6.3%

No Damag
4
6.3%

72tank cars total
63 derailed

Figure 47: Damage to Derailed Cars in Lac-Mégantic Incident ~ ***

During the response operations, 740,000 liters (4,654 bbl) of crude oil were recoverddefenailed
tank cars, of which 2,691 bbl were removed from the four non-damaged cars. About 1,968t bb

122 TSB Canada 2014b. Note that with approximations and roundihg iNSB Canada report and conversions from
liters to gallons to barrels, there are some rounding discrepancies.

123 Byrn-through is a perforation of the tank shell caused by firadam

124 Based on data in TSB Canada 2014b.
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remained in damaged cars (nearly three GRUWK RI RLO ZHUH DOVR UHPRYHG
contents of the train is illustrated in Figure 48.

Fate of Oil in Derailed Cars in Lac-Megantic Incident

Instantaneous
Release
14,126 bbl Subsequent
33% Release
12,177 bbl
29%

Recovered fro|
Damaged Cars
1,963 bbl
5% Burn-Through/

Recovered fro
Non-Damaged Cars
2,691 bbl

Thermal Tear
11,436 bbl
27%

Total Releases

37,739bbl

7KH

6%

Figure 48: Fate of Qil in Derailed Cars (Mass Balance) in Lac-Mégantic Incident

While about 37,739 bbl of oil were ultimately lost from Train MMA-002, theusege of releases should
be considered with respect to the likelihood of all of the events occurring in the. flihe initial and
subsequent releases were likely due to damages from the derailment itself ($)308e burn-through
and thermal-tear releases (11,436 bbl) were secondarily caused by the fi@nidrereleases may have
been reduced by better tank car designs. The latter releases would likely haveedemd by the
improved thermal protection in DOT-117 cars.

The accident investigation for the Lac-Mégantic incident revealed several keysftitat caused and
ultimately affected the outcome, and which have a bearing on the analysis ofgbdtsute incidents
that may occur with regard to the Vancouver Energy Distribution Terminal CBR {raffic:

X
X

The train (MMA-002) had been under the control of a sole operator;

The train was parked unattended on a main line on a descending grade with the secutbment of

train reliance on a locomotive that was not in proper operating condition;

There were significant braking failures.q§, seven hand brakes that were applied to secure the
WUDLQ ZHUH LQVXIILFLHQW WR KROGIWKHHWUBPQWAIHN & RIFRIP F
independent brakes; and the hand brakes had not been properly tested for effectiveness);

The train was left unattended despite its abnormal conditien there had been significant

indications of mechanical problems with the lead locomotive);

The lead locomotive had a non-standard repair that allowed oil to accumulate in thbdrgboc

DQG H[KDXVW PDQLIROG UHVXOWLQJ L@WLMHIMHY MWEH QHJ H HILL
down, which removed the braking ability of the locomotive; no additional locomotivestarsd

to provide braking power;

125 For a thorough analysis refer to TSB Canada 2014b.
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x DOT-111 tank cars did not withstand shell damage and had inadequate thermal protection; and

x The volatility of the oil (unconditioned Bakken crude) contributed greatlyhéofire, which
caused the damages, including fatalities and injuries (the oil had been impdassified with
regard to hazard).

Fire/Explosion -Caused Rail Accidents

Among the different types of freight railroad accidents considered in thgsenaf baseline accident
UDWHYV WKHUH LV D FDWHJRU\ RI 3ILUH H[SORVILQH tHerte ksLaG HQ W V
fire and/or explosion that occurs on a train in transit for which the fire apgfosion is the primary
classification of the accident. This would include accidents in which ihesefire or explosion on a
locomotive, or perhaps a fire in a freight car, such as a fire in a car contaimingarmo, or even a tank

car containing hazardous materials. This is not the same as the ignition of oil aftenttertiids and has

released oil. These data do not in any way indicate the likelihood of alzywdé-spill with a fire and

explosion, such as the accident that occurred at Lac-Mégantic, Quebec.

The likelihood that a crudey-rail accident with spillage would result in a fire and/or explosion
(including a boiling liquid expanding vapor explosion, or BLEVE) of any kind would depeiadiange
number of situation-specific factors, including the presence of an ignition S@ugcean open flame or
sparks) and its precise location with respect to the spilled oil and anydlamwapor clouds associated
with it. The probability of the presence of ignition sources or for the pakdat there to be fires and
explosions following crudéy-rail spills is discussed in HROSRA Volume 5.

Likewise, in the analysis of the likelihood of hazardous material tank cars mglemnaterial during an
accident, the fire/explosion category does not in any way refer to fires and explosions that mafterccur
there is spillage of oil or other flammable materials. The data merely show tlsaicidents caused by
fire and/or explosion, there may be a hazardous material tank car(s) involvedesadntaly have a
release of hazardous material.

Probability of CBR Railroad -Related Spillage along Hudson River

While there is relatively little risk of that occurring at present ttuthe lack of CBR traffic (with the
exception of occasional transits), the probability is analyzed in this repditat the results may be
applied for potential future or hypothetical CBR transport. The calculatiortsaaesl on the numbers of
CBR trains, which allows for estimates of risk to be developed for different traffic assusnption

Despite the number of CBR accidents experienced during 2018, as summarized in Table 69, there
are several reasons that the sole use of these anecdotal historic data areeiistdfica reliable
projection of potential CBR spills:

x There are too few years of data to develop a statistically-robust incident rate;
x US data on CBR transit miles are unreliable, but would be required to calculate rates;
x Canadian data on CBR accidents involve very different regulations and opesdtindards than
in the US, which reduces even further the number of incidents that can be used for rate analysis;
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x Canadian data 0BBR transit miles are not accurately record&hnd
x There are a significant number of changes that have or will be made to redweident and
spill rate for CBR transport that have not been considered.

For these reasons, a modeBRSpillRiskivas used to estimate the likelihood of CBR accidents and
spills along the Hudson River based on various hypothetical future tpaffiections. This model was
developed for the use in environmental impact statements for proposed CBR-related projects amd has be
rigorously peer-reviewett’ The CBR-SpillRISK methodology is explained in detail in Appendix E.

The spill rate for loaded trains is as shown in Table 70. The high and low estimates erfitacid based
on assumptions of implementation of all safety enhancements (to reduce accidenésiuaed the
likelihood of the release of oil from tank cars) and assumptions of no implementation, respectiv

Table 70: Expected CBR Spill Frequencies per Million Train-Miles (Loaded)
, Mean Annual Frequency per Million Train-Miles
Estimate - — - o8 - -
Derailment Collision Fire/Explosion Hwy-Rail Misc. Total
Low 0.0052 0.0001 0.0000 0.0003 0.0006 0.0062
High 0.0778 0.0151 0.0077 0.0162 0.0301 0.1468

The estimated numbers of spills from CBR trains along the Hudson River wendataicbased on
various assumptions of CBR traffic, as summarized in Table 71.

Table 71: Projected Numbers of CBR Spills along Hudson River ~ **°
Hypothetical CBR Transport Annual Low Spill Estimate High Spill Estimate
Scenarid® CBR Annual Annual Annual Annual
Trains | Frequency | Probability Frequency | Probability

Current (No Diversion Transport) 0 0 n/a 0 n/a
Current (Diversion Transport) 8 0.0000020| 1in 510,000 0.000046| 1in 22,000
Occasional Diversion Transport 32 0.0000078| 1in 128,000 0.00019| 1in5,400
Frequent Diversion Transport 96 0.000024 1in 43,000 0.00056| 1in1,800
Moderate Historical Transport™** 780 0.00019 1in 5,200 0.0045 1in220
Peak Historical Transport'® 1,560 0.00038 1in 2,600 0.0090 1in110
Maximum Hypothetical Transport*® 4,015 0.00098 1in 1,000 0.023 1in43

126 Based on ERC communications with Canadian authorities.

127 Etkin et al., 2015a; Etkin et al. 2015b; Etkin 2016a; Etkin 2016b; EtkiF&CEtkin 2017b; Etkin et al. 2017b.

122 1RWH WKDW WKH 3ILUH H[STaB&M RQHe preckhitaBrig @aht Rbdxddés rdoQrelate to the
likelihood fire or explosion after the accident occurs (see explanation above).

129 Assumes 39.6 train-miles along Hudson River (see Fig@)re

B¥03'LYHUVLRQ WUDQV SR U Wual CBR GandpoQ tha isliivetédk tHrodgh ¥e Hudson corridoiodue
emergency situations in other parts of the country with the Hugi¢éarvey situation as an example. It was
assumed that this might happen once per year.

131 Assumes 15 trains per week.

132 Assumes 30 trains per week.

133 Assumes the maximum number of trains to fill the capacity of timeréds in the Northeast (Talsd).
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Note that these are spills afiy volumenot necessarily WCDs. These are also not necessarily incidents in
which ignition occurs to cause a fire or explosibiote also that these estimates are only about spills to
the Hudson River emanating from CBR trains transiting along sections of track thatlane500 feet of

the river bank. Since the HROSRA study is specifically focused on Hudson Riage sfiile potential

for spills along other sections of track are not included.

The frequency of spills is for any location along the 39.6 miles of track alohtutieon River. The spill
probability for each mile along those riverside tracks is shown in Table 72. iNatthere are specific
types of track conditions and other factors that may make certain sedtivaskomore or less prone to
derailment and other types of accidents. Analyses of those factors are beyond the scopeay.this stu

Table 72: Projected Numbers of CBR Spills per Riverside Track Mile on Hudson River ***
Annual Low Spill Estimate High Spill Estimate
Hypothetical CBR Transport CBR per Track Mile per Track Mile
Scenarid*®® Trains Annual Annual Annual Annual
Frequency | Probability Frequency | Probability
Current (No Diversion Transport) 0 0 n/a 0 n/a
Current (Diversion Transport) 8 | 0.000000051 1in 19.8 mil 0.000@10 1in 860,000
Occasional Diversion Transport 32| 0.00000020 1in5.08 mil| 0.0000048 1in 210,000
Frequent Diversion Transport 96 | 0.00000061] 1in 1.65 mil 0.000014 1in 71,000
Moderate Historical Transport ' 780| 0.0000048 1 in 210,000 0.00011 1 in 8,800
Peak Historical Transport*®’ 1,560 0.0000096/ 1 in 100,000 0.00023 1in 4,400
Maximum Hypothetical Transport **® 4,015 0.000025| 1 in 40,000 0.00058 1in 1,700

The spills in Table 71 are spills ahy volume. The actual volume of spillage depends on the number of
tank cars involved and the degree to which the tank cars are breached, releasirgpoik tases, there

are secondary releases due to thermal damage. The calculation of spill volumes in in CBR-SHilIRISK-
described in Appendix E. The probability distribution of spill volumes (Table 73) depends on train length,
which can vary from 100 to 120 tank cars.

Table 73: Expected CBR Spill Volume per Incident (Loaded Trains)
Statistical 120-Car Trains 100-Car Trains
Parameter Spill Volume (bbl) Tank Cars Spill Volume (bbl) Tank Cars
Mean 11,253 17.3 10,498 16.2
0 percentile 261 0.4 249 0.4
10" percentile 2,860 4.4 2,718 4.2
20" percentile 4,219 6.5 3,984 6.1
30" percentile 5,705 8.8 5,365 8.3

134 Assumes 39.6 train-miles along Hudson River (see Fig@)re

353 YHUVLRQ WUDQVSRUW’ LV GHILQHG DV WW K UDRXIIKXW & H %6 GW B Q QRFSLRUL

emergency situations in other parts of the country with the Hugi¢éarvey situation as an example. It was
assumed that this might happen once per year.
136 Assumes 15 trains per week.
137 Assumes 30 trains per week.
138 Assumes the maximum number of trains to fill the capacity of timeréds in the Northeast (Talsd).
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Table 73: Expected CBR Spill Volume per Incident (Loaded Trains)
Statistical 120-Car Trains 100-Car Trains
Parameter Spill Volume (bbl) Tank Cars Spill Volume (bbl) Tank Cars
40" percentile 7,375 11.3 6,918 10.6
50" percentile 9,280 14.3 8,686 13.4
60" percentile 11,507 17.7 10,756 16.5
70" percentile 14,186 21.8 13,236 20.4
80" percentile 17,655 27.2 16,452 25.3
90" percentile 22,830 35.1 21,214 32.6
100" percentile 50,201 77.2 44,455 68.4
Bbl Probability Distribution of Spill Volumes from CBR Trains
50,000
45,000
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35,000 m100-car CBR Traif
30,000

25,000

20,000

15,000

10,000
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Figure 49: Probability Distribution of Spill Volumes from CBR Trains

The projected annual frequency of CBR spills into the Hudson River is dependéhe expected CBR
traffic, as in Table 72. The expected frequencies and annual probabilitiesal@rated for all of the

hypothetical CBR traffic scenarios, as shown in Table 74 and Table 75 as Idvighnestimates. The
same results are shown as the annual probability of a spill in Table 76 and Tabl@He&te is no

probability of a spill when there are no CBR trains operating. Smallks sgliated to leaks or errors
during transfers are not included herein. The spill volumes assume a mix of tweirk0l to 120 cars in
length.

¥ThH DQQXDO SUREDELOLW)\ LV WKH LQYQUIMW Rl WRH ORXHEEMARHRI| VSLOOV \
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Table 74: Projected Annual Frequency of CBR Spills into Hudson River (Low Estimate)

Spills/Year (Based on Trains per Year)

Spill 8 trains 32 trains 96 trains 780 trains 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum

Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 0.000000051 0.0000002 0.00000061 0.0000048 0.0000096 0.000025
2,500 bbl 0.000000046 0.00000018 0.00000055 0.0000044 0.0000087 0.000023
4,000 bbl 0.000000042 0.00000017, 0.00000050 0.0000040 0.0000079 0.000021
5,000 bbl 0.000000030 0.00000012 0.00000035 0.0000028 0.0000056 0.000015
8,000 bbl 0.000000027 0.00000011 0.00000033 0.0000026 0.0000051 0.000013
10,000 bbl 0.000000018 0.000000071 0.00000022 0.0000017 0.0000034 0.0000089
15,000 bbl 0.000000014 0.000000054 0.00000017 0.0000013 0.0000026 0.0000068
20,000 bbl | 0.0000000051] 0.000000020 0.000000061 0.00000048  0.00000096/ 0.0000025
40,000 bbl | 0.0000000005] 0.000000002C 0.0000000061( 0.000000048 0.000000096 0.00000025
50,000 bbl | 0.00000000005 0.0000000002( 0.0000000006] 0.0000000048 0.000000009¢ 0.000000025

Table 75: Projected Annual Frequency of CBR Spills into Hudson River (High Estimate)

Spills/Year (Based on Trains per Year)

Spill 8 trains 32 trains 96 trains 780 trains 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum

Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 0.000001 0.0000048 0.000014 0.00011 0.00023 0.00058
2,500 bbl 0.00000090 0.0000044 0.000013 0.00010 0.00021 0.00053
4,000 bbl 0.00000083 0.0000040 0.000012 0.000091 0.00019 0.00048
5,000 bbl 0.00000058 0.0000028 0.0000081 0.000064 0.00013 0.00034
8,000 bbl 0.00000054 0.0000026 0.0000075 0.000059 0.00012 0.000311
10,000 bbl 0.00000035 0.0000017 0.0000050 0.000039 0.000082 0.00021
15,000 bbl 0.00000027| 0.0000013 0.0000038 0.000030 0.000063 0.00016
20,000 bbl 0.00000010 0.00000048 0.0000014 0.000011 0.000023 0.000058
40,000 bbl 0.000000010 0.000000048 0.00000014 0.0000011] 0.0000023 0.0000058
50,000 bbl 0.000000001 0.0000000048 0.000000014  0.00000011 0.00000023  0.00000058
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Table 76: Projected Annual Probability of CBR Spills into Hudson River (Low Estimate)

Spills/Year (Based on Trains per Year)

Spill 8 trains 32 trains 96 trains 780 trains | 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum
Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 1 in 20 million 1 in 5 million 1in 2 million, 1in 210,00 1in 100,00 1 in 40,00(
2,500 bbl 1in 22 million 1 in 6 million 1in 2 million 1in 230,00 1in 110,00 1 in 40,00(
4,000 bbl 1 in 24 million 1 in 6 million 1in 2 million] 1in 250,00 1in 130,00 1in 70,00(
5,000 bbl 1in 33 million  1in8 milionf] 1in 3 milion| 1in 360,00 1in 180,00 1in 70,00(
8,000 bbl 1in 37 million 1 in 9 million 1in 3 million] 1 in 380,00 1in 200,00 1 in 80,00(
10,000 bbl 1in 56 million 1in 14 million 1 in5 million, 1 in 590,00 1in 290,00( 1in 110,00
15,000 bbl lin 71 million 1in219 million 1 in 6 million, 1in 770,00 1in 380,00( 1in 150,00
20,000 bbl | 1in 200 millior 1in 50 million 1in 16 million 1 in2 million, 1in 1 millionl 1 in 400,00
40,000 bbl 1in 2 billion| 1 in 500 millior] 1 in 160 millior] 1 in 21 million 1 in 10 million 1 in 4 million
50,000 bbl 1 in 20 billion 1in 5 billion, 1 in 1.6 billion1 in 208 million 1 in 100 milliony 1 in 40 million
Table 77: Projected Annual Probability of CBR Spills into Hudson River (High Esti mate)
Spills/Year (Based on Trains per Year)
Spill 8 trains 32 trains 96 trains 780 trains 1,560 trains | 4,015 trains
Volume Current Occasional Frequent Moderate Peak Maximum
Diversion Diversion Diversion Historical Historical Hypothetical
<238 bbl 1in 1 million 1in 210,00( 1in 70,00( 1in 9,00( 1in 4,00( 1in 2,00(
2,500 bbl 1in 1 million 1in 230,00( 1in 80,00( 1in 10,00( 1in 5,00( 1in 2,00(
4,000 bbl 1in 1 million 1in 250,00( 1in 80,00( 1in 11,00( 1in 5,00( 1in 2,00(
5,000 bbl 1in 2 million 1 in 360,00( 1in 120,00( 1in 16,00( 1in 8,00( 1in 3,00(
8,000 bbl 1in 2 million 1in 380,00 1in 130,00 1in 17,00( 1in 8,00( 1in 3,00(
10,000 bbl 1 in 3 million 1 in 590,00( 1 in 200,00( 1in 26,00( 1in 12,00( 1in 5,00(
15,000 bbl 1in 4 million 1in 770,00( 1in 260,00( 1 in 33,00( 1in 16,00( 1in 6,00(
20,000 bbl | 1in 10 million 1 in 2 million 1in 710,00( 1in 91,00( 1in 43,00( 1in 17,00(
40,000 bbl | 1in 100 million 1 in 21 million 1in 714,00( 1in 910,000 1in 440,00( 1in 170,00
50,000 bbl 1in 1 billion| 1 in 208 million 1 in 71 million 1in 9 million| 1in4 million] 1 in 2 million

Any spill of at least 10,000 gallons (238 bbl) would be considered a magodidpill. This volume

represents about one-third of a CBR tank car. With an accident that callage ffiom a breached tank

FDU RQ D &%5 WUDLQ LW LV KLIJKO\ OLNMOGP DWW WXHO OSUBID D,
exact volume. This would be due to the concerns about the likelihood of fire and explosioa wit

trainload of Bakken crude or the concern about submerged oil possibilities witinload of diluted

bitumen product.

Probability of Diesel Locomotive Fuel Spillage along Hudson River

In addition to potential spills of crude oil from loaded CBR trains, thexg aiso be other spills of diesel
fuel from locomotives:

X On loaded CBR trains on the western side of the river;
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Empty CBR trains on the western side of the river;

Other loaded/empty freight trains on either side of the river;

Long-distance passenger (Amtrak) trains on the eastern side of the river; and
Commuter trains on the eastern side of the river.

X X X X

The estimated yearly numbers of trains in these various categories, milgerside track, and th
estimated total volume of oil carried by the locomotives are shown in Table 78.

Table 78: Train Transits along Hudson River for Potential Locomotive Diesel Spills

T | e R | e [
Loaded CBR £ urrent Diversion Transport West 8 39.6 miles 317 | 525 bbl
Empty CBR £Lurrent Diversion Transport West 8 39.6 miles 317 | 525 bbl
Loaded CBR®ccasional Diversion Transport West 32 39.6 miles 1,267| 525 bbl
Empty CBR #ccasional Diversion Transport West 32 39.6 miles 1,267| 525 bbl
Loaded CBR #requent Diversion Transport West 96 39.6 miles 3,802| 525 bbl
Empty CBR #requent Diversion Transport West 96 39.6 miles 3,802| 525 bbl
Loaded CBR#Moderate Historical Transport West 780 39.6 miles 30,888 525 bbl
Empty CBR #Moderate Historical Transport West 780 39.6 miles 30,888 525 bbl
Loaded CBR#Peak Historical Transport West | 1,560 | 39.6 miles 61,776 525 bbl
Empty CBR #eak Historical Transport West | 1,50 | 39.6 miles 61,776 525 bbl
Loaded CBR #Maximum Hypothetical Transport West | 4,015 | 39.6 miles 158,994| 525 bbl
Empty CBR #Maximum Hypothetical Transport West | 4,015 | 39.6 miles 158,994| 525 bbl
Freight Trains (Mixed Manifest) West | 14,300 | 39.6 miles 566,280 525 bbl
Freight Trains (Mixed Manifest) East | 1,800 | 133 miles 239,400 262 bbl
Amtrak Passenger Trains East | 10,000 | 133 miles| 1,330,000 124 bbl
Metro-North Commuter Trains East | 21,580 | 70 miles 1,510,600 67 bbl

The annual frequency and probability of diesel spills for these different tfpesns are summarized in
Table 79. With the large number of long-distance passenger and commuter trair®,chance of a
diesel locomotive spill along the Hudson River tracks each year. The pitidsbf locomotive spills by
volume based on current traffic are shown in Table 80.
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Table 79: Estimated Annual Frequency of Diesel Locomotive Spills along Hudson River

) an | |
Loaded CBR £ urrent Diversion Transport West 0.000031 1in 33,000 525 bbl
Empty CBR £Lurrent Diversion Transport West 0.000031 1in 33,000 525 bbl
Loaded CBR ®ccasional Diversion Transport West 0.00012 1in8,200 525 bbl
Empty CBR ®ccasional Diversion Transport West 0.00012 1in 8,200 525 bbl
Loaded CBR#requent Diversion Transport West 0.00037 1in 2,00 525 bbl
Empty CBR #Frequent Diversion Transport West 0.00037 1in 2,00 525 bbl
Loaded CBRi#Moderate Historical Transport West 0.0@0 1in 340 525 bbl
Empty CBR #Moderate Historical Transport West 0.0030 1in 340 525 bbl
Loaded CBRdPeak Historical Transport West 0.0060 1in 170 525 bbl
Empty CBR #eak Historical Transport West 0.0060 1in 170 525 bbl
Loaded CBR Maximum Hypothetical Transport West 0.015 1in65 525 bbl
Empty CBR #Maximum Hypothetical Transport West 0.015 1in65 525 bbl
Freight Trains (Mixed Manifest) West 0.055 1in18 525 bbl
Freight Trains (Mixed Manifest) East 0.023 1in43 262 bbl
Amtrak Passenger Trains East 0.13 1in8 124 bbl
Metro-North Commuter Trains East 0.15 1lin7 67 bbl
Total (Excluding CBR Trains) - 0.35 1in3 525 bbl

Table 80: Estimated Annual Hudson River Spills from Diesel Locomotives by Volume

Volume Annual Spills Annual Probability

5 bbl 0.078 1in 13
25 bbl 0.069 1in 15
40 bbl 0.065 1in 16
50 bbl 0.043 1in 23
60 bbl 0.041 1in25
70 bbl 0.027 1in 37
100 bbl 0.020 1in 49
250 bbl 0.0078 1in130
300 bbl or more 0.00078 1in 1,300
Total 0.35 1in3
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Potential Oil Spillage along Hudson River: Facilities

The storage of large quantities of oil in tanks at riverside faciligsrminals is another potential source
of oil spillage. Spills that occur at facilities will usually be contdingith required secondary
containment. However, there are circumstances when this containment, which is desigoledmore
than the volume of the tanks, may be breached, causing some or all of the spilled oil to entar. the riv

Existing Oil Facilities on the Hudson River

There are currently 16 major petroleum storage facilities dotting the HuRisen shorelines storing
approximately 144 million gallons (3.5 million barrels, bbl). Individual storaggg may contain as
much as 250,000 to 300,000 bbl of oil. There are 16 facilities that are noted by the W8 Ener
Information Administration as holdirgt least50,000 bbl, as in Table 81, and Figure 50 to Figure 52.

Table 81: Major Oil Storage Facilities (50,000 bbl+) along Hudson River

Facility Owner Town

Meenan Oil LP Cortlandt Manor, NY
Global Co LLC Newburgh, NY
Global Co LLC Newburgh, NY
Global Co LLC Newburgh, NY
Global Co LLC Newburgh, NY
Buckeye Terminals LLC Roseton, NY
Meenan Oil LP Poughkeepsie, NY
Heritage Energy Inc Kingston, NY

Citgo Holding Terminals LLC Albany, NY

Buckeye Terminals LLC

Rensselaer, NY

Buckeye Terminals LLC Albany, NY

Global Co LLC Albany, NY

Sprague Operating Resources LLC Rensselaer, NY

Petroleum Fuel and Terminal Co Rensselaer, NY

IPT LLC Rensselaer, NY

Global Co LLC Albany, NY

Assuming that each facility holds approximately the same volume of oil, eality faas about 220,000

bbl. A worst-case discharge (WCD) for a facility would be the largest volumagst tank releasing its

entire capacity. For the purposes of this study, the WCD is assumed to be 300,000 bbl. However, this type
of a release is highly improbable except in extreme storm events (such as HuKig@imesand Rita in
Louisiana). These types of storms and the flooding that caused the destruction of tatttagiiring

these hurricanes in Louisiana are highly unlikely in the Hudson Valley. Muchlikelseare the smaller

types of spill events that might cause a 200-bbl or smaller spill.
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Figure 51: Oil Terminals between Newburgh and Kingston, NY
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Figure 52: Oil Terminals in Albany-Rensselaer Region

In addition to the larger terminals, there are many smaller facilliegsstore smaller quantities of oil,
such as marinas that store gasoline and diesel fuel, including those listed in TafdesB®wn in Figure
53. Each of the tanks at the marinas generally contains no more than about 30 bbl.

Table 82: Hudson River Boating Fuel Docks
Facility Name Location Fuel Stored

JM Englewood Marina Englewood Cliffs, NJ Gasoline Diesel
Alpine Boat Basin Alpine, NJ Gasoline
Tarrytown Marina Tarrytown, NY Gasoline Diesel
Westerly Marina Ossining, NY Gasoline Diesel
Haverstraw Marina HaverstrawNY Gasoline Diesel
Newburgh Yacht Club Newburgh, NY Gasoline Diesel
Whites Hudson River Marina New Hamburg, NY Gasoline Diesel
West Shore Marine Marlboro, NY Gasoline Diesel
Hyde Park Marina Hyde Park, NY Gasoline
5RIJHUYYV 3RLQW %RDWLQ Hyde Park, NY Gasoline Diesel
Rondout Yacht Basin Connelly, NY Gasoline Diesel

140 SourceBoating on the Hudson & Beyond
http://www.boatingonthehudson.com/flippingbook/2016/jun/Articles/Fueling_iRggutf
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Table 82: Hudson River Boating Fuel Docks

140

Facility Name

Location

Fuel Stored

Certified Marine Service Connelly, NY Gasoline Diesel
Saugerties Marina Saugerties, NY Gasoling Diesel
Riverview Marine Services Catskill, NY Gasoline Diesel
Catskill Yacht Club Catskill, NY Gasoline Diesel
Hudson Powerboat Assoc. Hudson, NY Gasoline Diesel

Coxsackie Yacht Club

Coxsackie, NY

Gasoline

'RQRYDQYYV 6KDG\ +DUER

New Baltimore, NY

Gasoline Diesel

Coeymans Landing

Coeymans, NY

Gasoline Diesel

Castelton Boat Club

Castleton, NY

Gasoline Diesel

Albany Yacht Club

Rensselaer, NY

Gasoline Diesel

Figure 53: Locations of Fueling Docks along Hudson River

SStamford
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Potential Global Partners Terminal Expansion

There is the possibility of expansion of existing terminals. For example, GloldakRatP originally

purchased its 63-acre terminal in Albany from ExxonMobil in 2007. In June 2013, the coangdiey

to expand its terminal to include a rail-loading facility (Figure 54). The pénwotved an expansion of

crude oil storage capabilities to include heated products (crude, residual fuel, dandl)bidhe main

concerns about the project were related to air emissions. In November 2013, the NYsSD&C d
1HIJIDWLYH '"HFODUDWLRQ DVVHUWLQJ WKDW 3W KHDHPLOREZRIQVWKR®
emissions from the crude oil that is currently permittdt/ U VWRUDJH DW WKH IDFLOLW\ Wi
SRWHQWLDO WR HPLW 37( ZLOO QRW FKDQJH ZLWK WKLV PRGLILF

In 2015, due mainly to market forces, Global withdrew its permit applicatiorihE expansion. As
previously discussed, shipments of crude oil stopped in August 2016 and have not resuenduasinc
time. The likelihood that this terminal will be expanded in the future is dependeiitroarket forces. If
the terminal were to be expanded, which would require a new permit applicatidgngrease in CBR
traffic and tank barge traffic would be expected as well.

ATbany Terminal

Figure 54: Global Albany Terminal **
Probability Analysis of Oil Spillage from Facilities
Oil spillage can occur at facilities in a number of ways:

x Errors or equipment malfunction during oil transfer operations (from/to vessels, vehickgk, o
tank cars)*

Corrosion or structural failure of storage tanks;

Unintentional damage during maintenance or repairs;

Errors or equipment malfunctions within the facility;

Breakage of tanks due to outside force damage from natural events (seismic evenisatdrms

X X X X

141 hitp://globalalbany.com/about/about-the-albany-terminal/
142 These spills are treated as vessel- and rail-related incidents as opposed tanfzidiints.
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x Intentional damage (vandalism, terrorism)

The incidence of facility spills has decreased significantly in the éxstdibs due to stricter regulations at

the state and federal level. The US EPA Spill, Prevention, Control, and Goeaseres (SPCC) rule,

and its counterparts at the state level, NYSDEC Bulk Storage regulations, help to prevent spills tn the firs
place and to prepare for spills that do occur. One part of these rules igtiternent for adequate
secondary containment that prevents the spread of oil beyond the facility grounds in the evetit of a spi

A cost-benefit study conducted for tHEPA™** showed a significant reduction in spills with the
implementation of SPCC and related state regulations. Between the early 1970s2@-idshéhere was
a 98% reduction in the average annual volume of spillage from coastal marineegattiliti store large
quantities of oif:** Currently, about 1,500 bbl spills from these facilities annually througheut/g
Inland facilities that are regulated by EPA spill an average of 19,000 bbl pethyeaghout the US,
which is a 91% decrease from the 1990s. This is less than 40% of theuminiolume of the 16
facilities listed in Table 81.

The frequencies of spill events for inland EPA-regulated facilities are showrabite B3. These
probabilities were applied to the 16 facilities in the Hudson River study HWea. that these are
probabilities of any type of spilhot necessarily a WCD. The spill volume distribution for facility spills is
shown in Figure 56, and Table 84. The expected frequency of spills of different volumes into the Hudson
River from existing oil facilities is summarized in Table 85.

Table 83: Estimated Spill Frequency for Hudson River Oil Facilities
" Annual Frequency per Facilit 46 Hudson River Facilities

spllCas spilsivear | AT spigvear | Annual
Damage during Maintenance 0.000056| 1in 18,000 0.00090 1in 1,100
Structural Failure 0.00020 1in 5,000 0.0032 1in 310
Mechanical or Equipment Failure 0.00022 1in 4,600 0.0035 1in 280
Operational Error (Human Error) 0.00021 1in 4,800 0.0034 1in 300
Vandalism**’ 0.000024| 1in 41,000 0.00038 1in 2,600
Total 0.00071 1in 1,400 0.011 1in 88

143 Etkin 2003a.

44 Etkin 2003a; Etkin 2003b; Etkin 2004; Etkin 2010a; Etkin 2010b.

145 All probabilities based on analyses conducted for the US EPA as in Etkin Z0Ri®a2004.

146 Based on an analysis of 41,068 facility spills (Etkin 2003anE2R03b; Etkin 2004; Etkin 2010a; Etkin 2010b).
147 Calculating the likelihood of a terrorist attack is beyond the scofféso$tudy. In the event that a terrorist attack
were to occur at one or more of the oil terminals along the Hudsem, Riere would be significant concerns about
public safety that may overtake concerns about potential environmentatsmmpach as occurred during the 1991
Gulf War spillage. The likelihood of a specific facility being a target for giach would depend on the location,
accessibility, and motivation of the vandals in each case.
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Distribution of Spill Volumes for Inland Facility Spills
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Figure 55: Distribution of Spill Volumes for Inland Facility Spills
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Figure 56: Cumulative Probability Distribution of Inland Facility Spill Volumes
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Table 84: Percentile Spill Volumes for US Inland Facilities (1980-2007)  **®

Percentile**® Volume
50" (median) 5 bbl
90" 170 bbl
95" 475 bbl
99th 2,900 bbl
Average 178 bbl

Table 85: Projected Annual Oil Facility Spills into Hudson River

Spill Volume Spills/Year Annual Probability
Any Volume 0.011 1in 88
« EEO 0.0041 1in 240
. EEO ODMRU 0.00090 1in 1,100
19 bbl 0.0069 1in 150
1099 bbl 0.0026 1in 380
100999 bbl 0.0012 1in 830
1,000,999 bbl 0.00027 1in 3,700
10,00099,999 bbl 0.000028 1in 36,000
. EEO 0.00000080 1in 1.2 million

Facility Spills due to Damage from Natural Events

These probabilities and spill frequencies were calculated based on national (dS)iuette are
circumstances that would make some facilities more prone to very large spill® dugside force
damage from natural events, such as seismic activity (earthquakes) and sigstificastor hurricanes.
In seismically-active areas, this is generally considered during environnmaptaitiassessments for new
oil terminals or other facilities handling or storing hazardous matéifsgorage tanks and oil facilities
are generally constructed to withstand damage from seismic activity, though sheerpossibility of
damage in the event of an earthquake that exceeds 5.0 on the Richt&f scale.

In the Hudson Valley, there have been no earthquakes exceeding 4.0 in over 100 years. Thel geologica
seismic hazard map for New York State is shown in Figure 57. The calculated return greaigeitmic
event (reference ground motion) that might present a sufficient hazard to canaggeda a facility (or to

148 Based on an analysis of 41,068 facility spills (Etkin 2003a; EX@D8b; Etkin 2004; Etkin 2010a; Etkin 2010b).
1%9The nth percentile represents the value at which only 100-n % are larger.
10 Eor example: AECOM 2017.
151 Earthquakes are measured based on Richter magnitude, with potential dameagdlygdescribed by the US
Geological Survey as follows:

X Less than 3.5: generally not felt, but recorded.

x 3.5-5.4: often felt, but rarely causes damage.

x 5.510 6.0: at most slight damage to well-designed buildings, can e&jisedamage to poorly constructed

buildings over small regions.

X 6.1-6.9: can be destructive in areas up to about 100 kilometers acrospadyeelive;

X 7.0-7.9: major earthquake, can cause serious damage over larger areas.

X 8 or greater: great earthquake, can cause serious damage in areas sedezdlkilometers across.
131 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



a pipeline) in the Hudson Valley area would be about 480 ymars 1 in 480 chance per year.
Earthquakes are not a significant threat for causing spillage from an oil terminal anethi
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Figure 57: US Geological Seismic Hazard Map for New York

152

Hurricanes of Category 4 or 5, and their accompanying storm surges and floodihg,potentially
cause damage to storage tanks at a facility. This type of damage was exgdriebogisiana during
Hurricanes Rita and Katrifid® The facilities that experienced this type of damage were near marine
waters where the effects of the hurricanes and storm surges were felt more acutely. The dannage to sto
tanks from Hurricane Katrina was shown to be due flooding, while the damagéitnoivane Rita was
attributed more towards direct wind action that caused localized buckling of the shellsaokghe t

The damage potential for hurricanes is described in Table 86. According to NOAgn&latiurricane
Center data, the return period for a hurricane of at least Category 1 (like Sathdyjnds of 64 kts or

74 mph is 1724 years for the New York coastal communities. This is an annual probability of 0.04 to
0.06, ora lin 24 to 1 in 17 chance each year. For the HROSRA study area, thiallyoieciudes
Bronx, Westchester, and Bergen counties. The probability for a major hurricaegd@a3 or higher)

with winds of at least 96 kts or 110 mph is 1 in 120 to 1 in 53 each year, or an prohadility of
0.0083 to 0.019. There is evidence that there are increases in the frequency of Gategdoanes in

the past decades due to climate chantiis possible that there may be more frequent stronger storms in
the Atlantic.

152 hitps://earthquake.usgs.gov/earthquakes/byregion/newyork-haz.php

153 Godoy 2007.

%4 Mei et al. 2015.
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Table 86: Damage Potential from Hurricanes with Land-Fall

155

Saffir-
Simpson
Category

Winds
(mph)

Storm
Surge
(ft)

Damage Potential

One

74905

45

No real damage to building structures. Damage primarily to unanchareite
homes, shrubbery, and trees. Some damage to poorly constigagedAdso,
some coastal road flooding and minor pier damage.

Two

96410

68

Some roofing material, door, and window damage of buildingssiGerable
damage to shrubbery and trees with some trees blown down. Eaidéel
damage to mobile homes, poorly constructed signs, and piers. Codslalvan
lying escape routes flood 2-4 hours before arrival of the hurricarierc&mall
craft in unprotected anchorages break moorings.

Three

111430

942

Some structural damage to small residences and utility buildings with a m
amount of curtain-wall failures. Damage to shrubbery and trees Wilgdo
blown off trees and large trees blown down. Mobile homes andypoor
constructed signs are destroyed. Low-lying escape routes are cut by risin
water 3-5 hours before arrival of the center of the hurricane. Floodingheea
coast destroys smaller structures with larger structures damaged by batte
from floating debris. Terrain continuously lower than 5 ft abovemsea level
may be flooded inland 8 miles or more.

Four

131455

1348

More extensive curtainwall failures with some complete roof structure faily
on small residences. Shrubs, trees, and all signs are blown dowpleBom
destruction of mobile homes. Extensive damage to doors and windows. L
lying escape routes may be cut by rising water 3-5 hours befaral afrthe
center of the hurricane. Major damage to lower floors of structuresheear t
shore. Terrain lower than 10 ft above sea level may be flooded.

Five

>155

> 18

Complete roof failure on many residences and industrial buildings. Some
complete building failures with small utility buildings blown over or awaly.
shrubs, trees, and signs blown down. Complete destruction of rhobiles.
Severe and extensive window and door damage. Low-lying escape route
cut by rising water 3-5 hours before arrival of the center of théchne.

Major damage to lower floors of all structures located less than 15 ft abay
level and within 500 yards of the shoreline. Only 3 Category Finéchnes
have made landfall in the United States since records began.

The potential for damage to riverside oil terminals from a storm surdeating is possible in the
Hudson River study area. The storm surge and damages from Hurricane Sandy @GI®)war in

Figure 58 and Figure 59. This storm was technically a Category 1 hurricane (based on wind®}, howev

there was significant damage. This damage included at least one release fromea giptage tank at
the Motiva Enterprises oil tank facility in Woodbridge, New Jersey, in the Aiiur(the narrow

1% NOAA National Hurricane Center.
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waterway separating New Jersey and Staten Island). The release involved 8,300 bbl dueliesel
Secondary containment captured most of the oil.
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Figure 58: Hurricane Sandy Storm Surge Potential
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Figure 59: FEMA Hurricane Sandy Impact Analysis

The storm surges and storm tides elevations produced by Hurricane Sandy weedanalye Federal
Emergency Management Agency (FEMA) and the US Geological Stivi€lye calculated FEMA flood

1% NOAA National Hurricane Center.
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elevations and annual exceedance probabilities for selected locations along the HudsareRivew in
Table 87. Hurricane Sandy exceeded the 100-year flood in Dutchess and Greene ,Goehties 500-
year flood in Ulster County. These data show that there is a possibditystorm surges may affect
locations that have oil terminals along the Hudson River. Even if there is stae) gus does not mean
that there would necessarily be a spill. Secondary containment may hold mucbfapdled oil under
most circumstances. However, flooding would likely cause oil to enter the Hudson River.

Table 87: Peak Sandy Storm-Tide Elevations and Corresponding FEMA Flood Data 158
Location Lt _ FEMA Flood Elevations (Feet above NAVD 88) | Sandy P_eak
(County) atitude | Longitude 10% 204 1% 0.2% Storm Tide

(10 year) | (50 year) | (100 year) | (500 year) (ft)

Albany 42.64611 | -73.74750 10.2 13.8 15.6 19.6 10.57

Dutchess 41.65093 | -73.94458 5.9 7.1 8.0 9.7 8.66

Greene 42.22417 | -73.88089 6.3 8.0 8.6 10.9 9.80

Ulster 41.91814 | -73.98172 6.0 7.5 8.9 104 135

Westchester 40.94300 | -73.72090 8.7 11.3 12.5 16.8 10.5

Structural Failure in Storage Tank: Ashland Oil Spill

An example of a catastrophic structural failure of a storage tank is the January 1988 incaleinigi the
collapse of an Ashland Oil Company storage tank in Floreffe, PennsylVaftee tank released its entire
90,000 bbl of diesel fuel into the environment, of which 18,000 bbl entered the Monongahel@2&iver
miles upstream of Pittsburgh. When the tank split vertically (Figure 60), the toot@rwhelmed the
standard earthen containment dikes. The storage tank was being filled to capabigyfiiet time after
re-installation on the site. It had been previously constructed 48 years earliecdmstructed at the site
two years before the spill.

160

Figure 60: Artist Rendering of Ashland Oil Tank Rupture

157 Schubert et al. 2015.

158 Schubert et al. 2015.

1%9 saseen 1988; Clark et al. 1990.

180 5ource: EPA
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The cause of the tank rupture was eventually identified as brittle fractuid) tdnl been found in older
structures made of weaker forms of steel. The weather (-12°F), in addition to welefiects,
exacerbated the fracturing process. In response to this event, federal and state eguiatibave-
ground storage tanks were changed as part of the existing SPCC program $® @@rProposed Rules
in 1991, 1993, and 1997. The final Revised SPCC Rule was enacted in 2002. These sa#tiynsegul
include requirements for structural specifications, inspections, and spill preparednesediiveress

of these regulations has been documetited.

181 For example: Etkin 2003a.
136 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Potential Oil Spillage in Hudson River: Pipelines

Qil pipelines present unique spill risks in that the traverse thrbigjtconsequence areas, including
highly-populated zones. In their course, they also frequently run under waterwases awléease could
cause effects much like a vessel spill.

Note that this analysis specifically does not address natural gas (methane) pipetiogspresent very
different risks from oil pipeline'§?

Pipelines that Could Affect Hudson River

Currently, pipelines are not a very likely source of spillage into the Hudisen udy area. There is no
crude oil or refined product pipeline crossing the Hudson River study atbés dime. There is one
hazardous liquid pipeline just south of the study area that comes close izethedge in Edgewater,
New Jersey (in red in Figure 61). It appears to be an abandoned pipeline that foaneggrted fuel to

a shoreside oil terminal that has since been removed.

As an abandoned pipeline, there is a slight possibility that there is resitgantined within the
pipeline that could potentially leak into the Hudson River at the facitity Biowever, such a spill would
be very small and unlikely to enter the river.

tOrange’ 4 " SN
Figure 61: Hazardous Liquid Pipeline in New Jersey

There are 24.8 miles of hazardous liquid pipeline in Albany County (Figurth&2juns to a facility in
Selkirk, New York, that was previously operated by General Electric and was tradsfer Sabic
Innovative Plastics in May 2007. The pipeline does not run close to the Hudson Rizéacility is six
miles from the river, thus a spill from this pipeline would not directly affect the.river

182 Typically, natural gas releases underwater would result in some impactygenobevels, but most of the
components would not dissolve in water (Wimalaratne et al. 2015; Premathilak2Cst&)l.

183 pipeline in red. Source: Pipeline and Hazardous Material Safety Administration
(https://pvnpms.phmsa.dot.gov/PublicView@r/#
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https://pvnpms.phmsa.dot.gov/PublicViewer/

R Dy Hells L A
Figure 62: Hazardous Liquid Pipeline in Albany County
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Potential Future Changes with Proposed Pilgrim Pipeline

Another factor that could potentially change the nature of crude oil transgbe Northeast and in and
along the Hudson River is the construction of the Pilgrim Pipeline. In August 2015imPilgr
Transportation of New York submitted an application for the construction of twanil@Oparallel
interstate pipelines that would run mainly along the New York State Thruglatyof way west of the
Hudson River (Figure 63). One pipeline would transport crude oil from thteoPdlbany south to
refineries in Linden, New Jersey. The second pipeline would transport refinedepetr products
(gasoline, home heating oil, diesel, and kerosene) north to Albany and points innbd&tiaere would be
two crossings of the Hudson River at Albany and south of Albany in Glenmont (Figure 64

The two main pipelines would each be capable of transporting the equivalent of 200,00@ibper
day. This would be the equivalent of two to three CBR trains or one-and-m-aid tank barges full in
each direction. Were the pipeline to be built, and if crude oil transport wieistirring in the Hudson
River by tank barge and/or by rail, the pipeline would potentially replace some tank barge traffi

With its permit application, Pilgrim submitted a preliminary Draft Environmehnhpact Statement
(DEIS). In September 2016, the New York State Department of Environmental Conservat®DERY

and the New York State Thruway Authority published a positive declaration of impact, which requires the
preparation of a DEIS for the project.

There has been no status change in the project since that time. Acdordorge news reports, the two
terminals in the Port of Albany, Global Partners and Buckeye Partners, notified B 8iat they had
no plans to partner with Pilgrim Pipelin&® This, along with the overall change in the patterns of oil

1% pipeline in red. Source: Pipeline and Hazardous Material Safety Administration

(https://pvnpms.phmsa.dot.gov/PublicViewer/#
165

http://www.nj.com/bergen/index.ssf/2017/02/plan_to pipe 400k barrels| dhrough nj_highlands hits big_set
back.html
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https://pvnpms.phmsa.dot.gov/PublicViewer/
http://www.nj.com/bergen/index.ssf/2017/02/plan_to_pipe_400k_barrels_of_oil_through_nj_highlands_hits_big_setback.html
http://www.nj.com/bergen/index.ssf/2017/02/plan_to_pipe_400k_barrels_of_oil_through_nj_highlands_hits_big_setback.html

transport in the region, would appear to make the project unlikely to proce@dwiyer, there is a
change and the pipeline construction moves forward, this could also cause a $i@fiviaytin which
crude oil and/or refined petroleum products are again transported in the region.

The construction of the Pilgrim Pipeline would change the risk of spillage fmokvessels (and possibly
trains, if those were to run again) and introduce the risk of a pipeline spill.

166

Figure 63: Proposed Route of Pilgrim Pipeline

186 sourceApplication of Pilgrim Transportation of New York Inc. for a Use & OccupareynR, 7 August 2015.
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Figure 64: Hudson River Crossings for Proposed Route of Pilgrim Pipeline o7

Probability Analysis of Oil Spillage from Pipelines

If the Pilgrim Pipeline is built, it would create a possible risk of a pipdjpith that could affect the
Hudson River. The probability of a pipeline spill from the Pilgrim Ripelvas calculated so that it could
be considered in the future, if necessary.

Comprehensive analysé&$of pipeline spills in the US covering the years 1968 through 2015 have shown
that there has been a significant reduction in the total volume of dédspihnually from this source
(Figure 65). In addition, the numbers of major spilleave decreased significantly over this time frame
(Figure 66. There was a significant increase in the reporting of smaller spills#{@¥ bbl) that began in
2001 due to changes in regulations about spill reporting and in changes in record-kyefedgral
authorities (Pipeline and Hazardous Material Safety Administration, PHMSA). Howengris not
indicative of an increase in pipeline spills.

For spills that have occurred in the last decade (based on data from2@0Bf 68.3% involved less than
10 bbl, and 87% involved less than 100 bbl. Only 1% of the spill incidents involved more than 2,500 bbl.

57 SourceApplication of Pilgrim Transportation of New York Inc. for a Use & Occupamyni, 7 August 2015.

'%% Etkin 2014; Etkin 2017,

189 Defined for inland areas as those spills of 10,000 gallons (23®bimipre, as per the National Contingency Plan
(40 CFRS 300.5).
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Figure 65: Annual Volume of Spillage from US Inland Pipelines (1968-

2015)*"°
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Figure 66: Annual Numbers of Major US Inland Pipeline Spills (1968-

10 Etkin 2017 (based on PHMSA data).
11 Etkin 2017 (based on PHMSA data).

2015)'"*
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US Pipeline Spill Volume Distribution (20@8-15)
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Figure 67: Pipeline Spill Volume Distribution for 2006-  2015""2
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Figure 68: Cumulative Probability Distribution of US Inland Spill Volumes (2006-2015 )3

12 Etkin 2017 (based on PHMSA data).
13 Etkin 2017 (based on PHMSA data).
142 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Table 88: Percentile Spill Volumes for US Inland Pipelines (2006 ~ #2015)*"
Percentile’® Volume
50" (median) 1 bbl
og" 100 bbl
95" 400 bbl
99th 2,500 bbl

The likelihood of a pipeline spill in a particular location is based on thespagific configuration of the
pipeline at that location as well as the environmental factors that could effeases. This type of
analysis is beyond the scope of this study. A more generic approach was appliechdyhakiate of

pipeline spillage per pipeline mile.

For crude pipelines, there are, on average, 0.00115 spills of 10 bbl or more, and 0.0003pilsadr
238 bbl or more per pipeline mile each year. For refined product pipelinesatbemn average, 0.00054
spills of 10 bbl or more, and 0.00015 major spills of 238 bbl or more each’§ear.

For the proposed Hudson River Pilgrim Pipeline crossings, there are approximately 8s36fmipeline
directly under the river (two crossings covering 0.15 miles each) for each of theaodidefined product
lines. In addition, there are approximately 1.8 miles of pipeline oeresitie of the river that would run
within about 1,000 feet of the river. To be conservatively cautious, the pipelingeniles assumed to
be 2.0 miles for each of the crude and refined product lines. Based on this assutigtpotential for
pipeline spills by volume was calculated as shown in Table 89.

Table 89: Projected Annual Pipeline Spills into Hudson River with Pilgrim Pipeline
Crude Pipeline Refined Product Pipeline Total

Pipeline Volume Spills/Year Prf‘)gglkjﬁilty Spills/Year Prf‘)ggll;ﬁilty Spills/Year Pr'?)rk])r;lliﬁilty

. EEO 0.0023 1in 440 0.0011 1in 930 0.0031 1in 320
. EEO 0O 0.00060 1in 1,700 0.00030 1in 3,300 0.00044 1in 2,300
<1 bbl 0.0025 1in 400 0.0012 1in 840 0.0034 1in 300
19 bbl 0.0025 1in 400 0.0012 1in 840 0.0034 1in 300
1099 bbl 0.0014 1in 740 0.00067 1in 1,500 0.0019 1in 530
100099 bbl 0.00074 1in 1,400 0.00035 1in 2,800 0.0010 1in 1,000
1,0009,999 bbl 0.00019 1in 5,300 0.000091| 1in 11,000 0.00026 1in 3,900
. EEO 0.000017| 1in 56,000 0.0000081| 1in 120,000 0.000023| 1in 44,000

174 Etkin 2017 (based on PHMSA data).
5 The nth percentile represents the value at which only 100-n % are larger.
178 Etkin 2017 (based on 2001-2015 data).
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Other Oil Inputs into the Hudson River

In addition to occasional spills, there are other chronic inputs of oil into theoHWRiver. There are no
known natural seeps of oil in the rivéf.However, there are other significant chronic inputs of oil from
non-point sourcé€ through runoff and dumping of oil. These chronic inputs cannot be effectively
removed. The only risk mitigation measures involve the prevention or reduction of these discharges

Non-Point Sources/Runoff

Qil in runoff comes mainly from vehicles that leak or drip oil onto pavemeis. dil then is washed
away by rainwater into storm sewers and directly into the river. This type ohwibften be seen as
rainbow or silvery sheen in puddles in parking lots. The estimated input of aireaske from land-based
sources along the Hudson River is shown in TABIE® In addition to inputs related to the residents of
the Hudson Valley counties, there are also inputs from visitors to tharsddhose transiting the region,
including on bridges. An estimated 60,000 bbl of oil enters the Hudson River annually vminbn
sources on land. There are also inputs from areas further inland through thatoffoes into small
streams and tributaries to the Hudson River that are not fully capturbid iestimate. In addition, the
dumping of used motor oil into storm sewers, a practice that is illegal, may contribute t#utidpd®

Table 90: Estimated Oil Inputs to Hudson River from Land-Based Non-Point Sources
County Riverside Cpmgglunity Vehicl_eslspzer Numper of Annual OilI8I3nput
Population Capita Vehicles (bbl)

Bergen (New Jersey) 7,275 0.539 3,921 431
Bronx (New York) 47,850 0.539 25,791 2,837
Westchester (New York) 360,766 0.539 194,453 21,390
Putnam (New York) 9,662 0.539 5,208 573
Rockland (New York) 103,123 0.539 55,583 6,114
Dutchess (New York) 113,211 0.539 61,021 6,712
Orange (New York) 83429 0.539 44,968 4,947
Ulster (New York) 77,708 0.539 41,885 4,607
Greene (New York) 27,508 0.539 14,827 1,631
Albany (New York) 140,809 0.539 75,896 8,349
Columbia (New York) 18,323 0.539 9,876 1,086
Rensselaer (New York) 22,491 0.539 12,123 1,333
Total 1,012,155 0.539 545,552 60,011

Y"7KH WHUP 3RLO VHHSV" LV XVHG KHUH WRHRHI® F UX B HWRUOH W K DWWV ®& B W
About 1.12 million bbl of crude oil naturally seeps into North Amerieaters annually (NRC 2003). This is the

equivalent of half of the oil that enters marine waters. In addition, ametlalso seeps out naturally in many
ORFDWLRQV 7KH WHUP 3RLO VHHS KDV BQVWRHEGHD @ Q8 HGWKRIQOWRR XU PO
leakage from facilities, pipelines, or vessels, but it is not used in that context in diyis stu

178 widely-spread or diffuse sources.

179 The methodology applied is derived from NRC 2003.

180 hitp://www.dec.ny.gov/chemical/8468.htm

'8 See Table 19 in HROSRA Volume 1.

182 state Motor Vehicle Registration 2015, US Department of Transportation Office of Hidtoliay Information.

183 Based on estimated 0.11 bbl/vehicle (NRC 2003).
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Two- Stroke E ngines

The researchers that conducted the 2003 National Research Council (NRQD) LQ WKH®6HD VW)
found that the recreational use of older two-stroke engines in many outboard andopsersonal

watercraft (e.g., jet skis) contributes an estimated 39,200 bbl of hydrocarkidaghicAmerican waters

each year. This comprises 2% of the average annual total input (including spills) into magise wat

The bulk of this input is non-combusted gasoline, which is believed to rapidly evapordhtolatilize

from the water surface. However, very little is known about the fatheoflischarge, though there are
indications that there could be toxic effects on 8T here have been some changes to engines required
by EPA regulations to reduce air emissions (mostly particulates and thengamditive methyl tert-

butyl ether, or MBTE) by 2006 that may have affected the amount of inputs to the water to some degree.

The estimated number of two-stroke engines in personal watercraft and outboard motoastal
communities along the Hudson River is shown in Table 91. The actual inputs to the Hud=oindriv
the two-stroke engine population were calculated t&,800 gallons (194 bbl) per yeabased on the
methodology developed by the NBE.

Table 91: Estimated Two-Stroke Engines in Hudson River Watercraft %’
Estimated Number of Personal .
County Waterc_:raft/Outboar_d Motors sl Annﬁildlsnopnu’tl?si\(/)érl-?l;?)g) GelEENE 1 i
in Hudson River
Albany 7,173 34.2
Bronx 76 0.4
Columbia 2,244 10.7
Dutchess 4,780 22.8
Greene 1,771 8.4
Orange 5,530 26.3
Putnam 2,465 11.7
Rensselaer 4,505 215
Rockland 2,639 12.6
Ulster 3,841 18.3
Westchester 5,686 27.1
Total 40,710 193.9

Operational Spillage from Vessels

Another type of chronic oil input into the river comes from legal operatiosahdiges and leakages of
lubricants and hydraulic oils from vessels. These discharges come from on-deckemyaciid
submerged (in-water) machinery, including stern tubes.

¥ NRC 2003.

185 Rice 2004.

18 NRC 2003. A similar methodology was developed for GESAMP 2007.

187 Data from New York State boat registrations.
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Stern tube leakage is a significant source of lubricant oil inputs to the marimenemnt. A 2001
study®® reported on the extent of ship-based oil pollution in the MediterraBeanThe study revealed
that routine unauthorized operational discharges of oil created more polh#ioadcidental spills. Stern
tube leakage was identified as a major component of these discharges.

The stern tube of a ship is the connection between the engine and the propeller. Ingide thieesis the
SURSHOOHU VKDIW ZKLFK LV GULYHQ E\ WKHOMK LISK X CHX JLTKHH \DVD 5L
is one of the parts of a ship below the waterline that contains a significant amount of fuddrican

Generally, stern tube shaft seals are the only barrier between the lod #tetn tube and the marine
environment. A propeller shaft sealing system is designed to prevent the emtiiepfnto the stern tube

where it could damage the bearings. The seal is also designed to prevent the leakage of lubricating oil into
marine waters. Ideally, in this closed system there should be no leakage to the water.

According to the US Environmental Protection Agefy3RLO OXEULFDWHG VWHWQ WXEH \
RLO WR WKH HQYLURQPHQW XQGHU QRUPDO VKLS RMWRSWHRAQYW
releases include

X Use of multiple sealing rings at both the inboard and outboard stern tube ends;

X Methods to maintain pressure in the stern tube cavity below that of thexsgvessure outside
to ensure that in the event of leakage, water will leak in rather than any lubricant leakemgdout

x Positive methods for determining stern tube seal leakage.

Because these seals can become worn over time or damaged by marine debris, partipalahd

fishing lines, oil leakage can occur. Anecdotal and empirical evidence frem 8ibe lubricant
consumption supports this contention. The issue of oil leakage from sterndnbegonsidered a part of
normal3RSHUDWLRQDO FRQVXPSWLRQ" RI RLO KDV EHFRPH DQ LVVXH
SROOXWLRQ™ ZLWK WKH VDPH OHJDO FRQVHTXHQ¥FKIN &V (SLOOV L!
National Pollution Discharge Elimination System or NPDES regulations implemented in 2009).

,Q DGGLWLRQ WR VSLOOV DQG VWHUQ WXEHUQHADQ®JR L OWK MWUKHD I UR
to continuous low-level discharges and leakages that occur during normal epssations while

underway and in port. The sources of operational discharges include deck machinerywaekr in-
(submerged) machinery.

In a study conducted for the International Maritime Organizafitie estimated inputs of lubricants and
other machinery oils were calculated. Worldwide, an estimated 233,000 to 384,000 bbicahtatare
discharged into marine waters annually. [This is the equivalent of about one to one and half Exxon Valdez
spills of oil.] In the US, the estimate annual operational input is 17,400 bbl annuall

188 pavlakis et al. 2001.

%9 EPA 1999.

%0 Etkin 2010c.
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As part of this study the inputs on a per-vessel basis by type of machinerestienated (Tabl®2

through Tabled4).**
Table 92: Estimated Stern Tube Usage (Leakage) per Port Visit
Stern Tube
Vessel Type(sy? Usage (bbl/day
or bbl/port visit)
Barge Carrier 0.126
Inland Waterway Oil Tanker 0.069
Navy Ships 0.063
General Cargo Ship 0.044
Bulk Carrier; Passenger/Ro-Ro Cargo Ship 0.038
Container Ship; Tender; Live Stock Carrier 0.031
Heavy Load Carrier; Regearch Vessel; Crude'OiI Tanker; Refrigerated Cargo Ship; 0.025
Chemical Tanker; Container Ro-Ro Cargo Ship; Trawler
Pusher Tug; H'opper. Dredger; Palletized Ca_rgo Ship; .Oil Products Tanker; Wood Chips 0.019
Tanker; Chemical/Oil Products Tanker; Vehicles Carrier; LPG Tanker
Offshore Supply Ship; Passenger Ferry; Self-Discharging Bulk Carrier; Offshore
Tug/Supply Ship; Fish Carrier; Fishing Vessel; Sail Training Ship; Passenger Cruise 0.013
Ship; Standby Safety Vessel; Cement Carrier; Asphalt/Bitumen Tanker
Offshore Support Vessel; Bulk/Oil Carrier; LNG Tanker 0.006
Buoy/Lighthouse Vessel; Cable Layer; Crane Ship; Dredger; Fishery Support Vessel; Liv
Fish Carri_er; Motor Hopper; _Offshore Processing Ship;_Ore Carrier; Passenger/General 0.000
Cargo Ship; Patrol Vessel; Pipe Layer; Platform; Pollution Control Vessel; Pontoon;
Stone Carrier; Work/Repair Vessel
Table 93: Average Input of Lubricants from Deck-Based Machinery in Port 193
Deck Machinery Type Average Input per Port Visit (bbl)
Deck Crane Gears 0.00046
Dredge Pump Shaft Bearings 0.00021
Gear-Driven Mooring Winches 0.00064
Gear-Driven Windlasses 0.00015
Hose-Handling Cranes 0.00004
Hydraulic System Prov Cranes 0.00014
Hydraulic Deck Machinery 0.00124
Hydraulic Windlass Mooring Winches 0.00012
Hydraulic Capstans 0.00019
Hydraulic Cranes 0.00060
Hydraulic Hatch Systems 0.00079
Hydraulic Mooring Winches 0.00069

191 Estimates were based on data from 4,708 ports on oil replaced garingaintenance over a five-year period,;

there were also data on the presence of this machinery on each of teyypess

192 Note that vessels such as barge carriers and inland waterway oil tankebg mensuming
stern tube lubricants due to the degree to which the vessels are gatbmer

193 Assumes 10% oil on deck washes into water through deck swedpsigg, or rain runoff.

larger amounts of
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Table 93: Average Input of Lubricants from Deck-Based Machinery in Port 193

Deck Machinery Type Average Input per Port Visit (bbl)
Hydraulic Split Systems 0.00004
Hydraulic System Stern Ramps 0.00017
Miscellaneous Hydraulic Systems 0.00132
Ro-Ro Hydraulic Systems 0.00004
Hydraulic Water-Tight Doors 0.00003
Hydraulic Windlasses 0.00060
Towing Winches 0.00003
Towing Winch Gears 0.00002
Hydraulic Trim Tabs 0.00016
Tugger Winches 0.00006
Total 0.00775

Table 94: Average Port Visit Input of Lubricants from Submerged Machinery

Submerged Machinery Type Average Input per Port Visit (bbl)
Aquamaster £5ears 0.00075
Bow Thruster 0.00692
Bow Thruster Gears 0.00535
CPP System Gears 0.00421
Fin Stabilizer Gear 0.00082
Gears - Azimuth Thrusters 0.00440
Hydraulic Fin Stabilizer 0.00151
Hydraulic Thrusters/ Cpp 0.00717
Hydraulics - Azimuth Thrusters 0.00082
Steering Thrusters 0.00025
Stern Thruster 0.01503
Stern Thruster Gears 0.00132
Thruster Gears 0.00484
Under Water Pump Shaft Bearing 0.00019
Waterjet 4Hydraulic 0.00019
Waterjet Gears 0.00019
Total 0.05397

This allowed for calculating an estimate of inputs from Hudson River vessel traffie @bOverall,at
least 1,400 bbbf lubricants are discharged into the Hudson River annually. There are also inputs from
passenger ferries and smaller vessels that are not accounted for in this estimate.
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Table 95: Estimated Annual Vessel Operational Oil Inputs into Hudson River

Annual Per Port-Visit Discharge (bbl) Annual
Vessel Typé®* Port Deck In-Water Total Input
Visits'® | Stern Tube Machinery Machinery Discharge (bbl)
Dry Cargo Ship 3,988 0.113 0.033 0.128 0.274 1,091
Dry Cargo Barge 1,443 0.038 0.013 0.065 0.116 167
Tanker 32 0.038 0.013 0.065 0.116 4
Tank Barge 1,230 0.038 0.013 0.065 0.116 142
Total 6,692 1,404

19 |nputs for barges were calculated to include tow/tugs associated with each barge.

19 port visit to the Hudson River is considered one round-trip up anoVar the river.
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Summary of Oil Spill Probability for Hudson River

The probabilities of oil spills based @arrent conditionsare summarized in Table 96 and FigGgesby
volume. The annual probability of a spill of each volume category is shown in Table 97.

Table 96: Annual Frequency of Oil Spills in Hudson River based on Current Conditions 196
Spill Volume Vessels Rail '
’ (bbl) Jsgskel Bunkers | Transfers CBR DF'ﬁzlel Facilities Total

<1 0.48 3.18 0.86 0 0 0 4.5
19 0.081 0.39 0.22 0 0.078 0.0069 0.77
1009 0.093 0.17 0.108 0 0.25 0.0026 0.62
100099 0.041 0.18 0.011 0.000001 0.029 0.0012 0.26
1,0009,999 0.024 0.12 0.0011| 0.0000029 0 0.00027 0.14
10,000£99,999 0.012 0.031 0.00012| 0.00000073 0 0.000028 0.043
100,000+ 0.0000015 0 0 0 0| 0.00000080 0.000002
Total 0.73 4.1 1.2| 0.0000046 0.35 0.011 6.36

Expected Annual

Expected Annual Frequency of Oil Spills in Hudson River
Based on Current Conditions

Frequency
10 +
1
25 -
H m
0.1 o 4 n
$ PS u ¢ Tank Vessel Carggq
0.01 * m Vessel Bunkers
Vessel Transfer
0.001 o Crude-by-Ralil
@ Diesel Locomotive
0.0001 Facility
0.00001
°
0.000001 o . g
0.0000001 ; ; ; ; ; i
0 1 10 100 1,000 10,000 100,000
Volume (bbl)

Figure 69: Expected Annual Oil Spill Frequency in Hudson River (Current Conditions)

197

19 gpecific probabilities for spills of less than one bbl were not calculated ¢braaaegory. Minor spills of this
volume are possible. For CBR spills, an accident would likely causasit100 bbl to spill. There may be minor
spills during loading not captured here as loading would not occur ds tihang the river but rather at facilities.

" Note logarithmic scales.
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Table 97: Annual Probability of Oil Spills in Hudson River based on Current Condition s
Spill Volume (bbl) SPSEISE] ATV NVIHIDEE @ Al Annual Probability
by Volume

<1 4.5 4 5 spills per year
19 0.77 1inl.3
1099 0.62 1inl.6
100099 0.26 lin4
1,0009,999 0.14 lin7
10,000+£99,999 0.043 1in23
100,000+ 0.000002 1in 500,000
Total 6.36 6 spills per year

The highest probability for spills is attributable to vessels. Increasessgel traffic and the transport of
oil would increase the likelihood of spills. Decreased traffic would deerdlae expected frequency
(Table 98.

Table 98: Predicted Annual Spill Frequencies based on Vessel Traffic Changes

Estimated Annual Number of Spills by Volume Category (bbl)

Vessel Traffic Assumption

<1 1 10 100 1,000 | 10,000 | 100,000 | Total
Current Traffic 3.66 0.47 0.27 0.22 0.14| 0.044| 0.0000015 4.81
50% Overall Decrease 1.83 0.24 0.13 0.11 0.07| 0.022| 0.0000007 2.40
10% Overall Decrease 3.29 0.43 0.24 0.20 0.13| 0.039| 0.0000013 4.32

50% Decrease Tank Vessels| 3.16 0.40 0.20 0.19 0.12| 0.035| 0.0000007 411

20% Decrease Tank Vessels| 3.46 0.44 0.24 0.21 0.13| 0.040| 0.0000012 4.53

10% Decrease Tank Vessels| 3.56 0.46 0.25 0.22 0.14 0.042| 0.0000a3 4.67

10% Increase Tank Vessels 3.75 0.49 0.28 0.23 0.15| 0.045| 0.0000016 4.94

20% Increase Tank Vessels 3.85 0.50 0.29 0.24 0.15| 0.047| 0.0000018 5.08

50% Increase Tank Vessels 4.15 0.55 0.33 0.26 0.17| 0.053| 0.0000022 5.50

10% Overall Increase 4.02 0.52 0.29 0.25 0.16| 0.048| 0.0000016 5.29
100% Increase Tank Vessels| 4.64 0.62 0.39 0.29 0.19 0.061| 0.0000030 6.19
20% Overall Increase 4.39 0.57 0.32 0.27 0.17| 0.052| 0.0000018 5.77
200% Increase Tank Vessels| 6.62 0.91 0.63 0.44 0.28 0.097| 0.0000059 8.97
50% Overall Increase 5.49 0.71 0.40 0.34 0.22| 0.066| 0.0000022 7.22
100% Overall Increase 7.27 0.89 0.51 0.42 0.26| 0.085| 0.0000080 9.44

Mitigation measures to decrease the rate of accidents and spills are presented in the HROSRA Volume 6.
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Appendix A: Synopsis of Vessel Casualty Rate Studies

General Probabilities of Vessel Accidents

As some general background and to provide perspective on vessel accidents, additiaral prasented
herein for reference. Some studies evaluate the frequencies of accidents without spéetficating the
cause, including events that result in the loss of life or major injpsy, of a ship, material damage to a
ship, stranding or collision of a ship, or major environmental damage. A synopsisindgifibm these

types of studies is shown in Table 99.

Table 99: Review of Study Results on General Vessel Accident Rates

Incident Type Results Reference
Severe port Casualty rate per port call: 5 x 1@ 7 x 10° per ship movement Yamamoto et al.
Accidents 1998
Cherbourg,

France
Tokai, Japan
Overall UK Overall in-port accident rate: 1 x 10 UK Dept. Transport

Port Accidents

Commercial vessels: 4 x 0
Passenger vessels: 3.3 x*10
Fishing vessels: 1.8 x 10
Pleasure craft; 1.3 x T0
Workboats: 3.2 x 16

RQO\ RI LQFLGHQWY DUH 3VHULRXV’

45% incidents occurred in berthing area
15.7% incidents occurred in harbor approaches
0.5% incidents occurred in anchoring areas

2010

Overall
Accidents for
Containerships

Total accidents for containerships: 5.16 5 1@r ship year

SAFEDOR 2007

Overall
Serious
Accidents for
Vessel$®

LNG carrier: 7.8 x 10 per year
Tanker (double-hull): 8.3 x TOper year
Reefer: 1.1 x 18 per year

Ro-ro/cargo: 1.3 x 18 per year

Tanker (single-hull): 1.4 x I®per year
Offshore supply ship: 1.4 x Hper year
Chemical tanker: 1.5 x T0per year
Ro-ro passenger: 1.6 x T(er year
Bulk carrier: 1.6 x 18 per year
Container vessel: 1.7 x T(per year
LPG carrier: 1.7 x 18 per year
General cargo vessel: 1.7 x4 per year
Car carrier: 2.0 x 18 per year

Cruise vessel: 4.2 x Hper year
Chemical/Oil tanker: 4.4 x 1per year

Nilsen et al. 2005
(Based on Det
Norske Veritas
2003)

1% ¢ VHULRXV DFFLGHQW LV GHILQHG LQOWKQV V@ XGKHDVKE$S EWHQ N G\RZI;
assistance from ashore; flooding of any compartment; or structural,anieehor electrical damage requiring
UHSDLUV EHIRUH WKH VKLS FDQ FRQWL Q@XM WG R BV QR WQLW KOX G R QWRH VO
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Table 99: Review of Study Results on General Vessel Accident Rates

Incident Type

Results

Reference

Overall Total
Loss Accidents
for Vessels®

LNG carrier: 6.7 x 10 per year
Tanker (double-hull): 2.7 x 10per year
Reefer: 3.2 x 18 per year

Ro-ro/cargo: 2.0 x 10 per year

Tanker (single-hull): 5.0 x IDper year
Offshore supply ship: 1.4 x Tper year
Chemical tanker: 1.8 x 10per year
Ro-ro passenger: 1.4 x T®er year
Bulk carrier: 3.4 x 18 per year
Container vessel: 1.2 x F(per year
LPG carrier: 2.0 x 18 per year
General cargo vessel: 5.9 x1per year
Car carrier: 1.8 x 1®per year

Cruise vessel: 5.3 x Tper year
Chemical/Qil tanker: 3.0 x 10per year

Nilsen et al. 2005
(Based on Det
Norske Veritas
2003)

Prince Rupert,

Overall accident: 1.09 x 10per year

Det Norske Veritas

BC, Canada | Oil spillage: 1.28 x 18 per year 2012b
Bulk carrier accident: 3.57 x T(er year
Containership accident: 3.85 x 1per year
Cruise ship accident: 1.56 x 1@er year
LNG carrier accident: 5.46 x TQper year (without tug escort)
Tanker accident: 5.78 x T(per year (without tug escort)
LNG carrier accident: 2.81 x Tper year (with tug escort)
Tanker accident: 2.97 x T(er year (with tug escort)
Tanker accident with spill: 1.28 x E(er year
Worldwide Ship losses in 1995: 3 x @er ship in world fleet Akten 2006
Ship losses in 2000: 1.9 x E@er ship in world fleet
Strait of Overall accidents: 1.91 x TQer transit Akten 2006
Bosporus
Tankers in Overall tanker accidents: 0.17 per year Det Norske Veritas
Fraser River, 2012a
BC, Canada
Hong Kong Overall accidents: 3.35 x F(per port visit Yip 2008
Harbor Accidents in channels: 1.01 x i @er port visit
Accidents in fairways: 2.01 x 0per port visit
Accidents in anchorages: 4.02 x“1fer port visit
Accidents in other port facilities: 3.35 x i@er port visit
Accidents in open water spaces: 1.98 X p@r port visit
Cook Inlet, Tanker incidents: 6.2 x T0per transit-day Etkin 2012; Kirkley
Alaska, USA Tank barge incidents: 4.720° per transit-day and Etkin 2012

Non-tank vessel incidents: 3.4 xiper transit-day
Workboat incidents: 5.0 x 10per transit-day

West Coast US
- Canada

Casualty rate for cargo/freight ships: 5.4 X'}r transit

West Coast Offshorg
Vessel Traffic Risk
Management Projec
2002.

Y9 AtotacFORVYV DFFLGHQW LV GH I ltafaHI@s lishevé KHeShp\tese o\ efdsy aftéiba casuaft
either due to it being irrecoverable (aetiutotal loss) or dugo it being subsequently broken (gongructive total

loss). The latter occurs when the coktepair would excedthe insured valuef the ship.
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Table 99: Review of Study Results on General Vessel Accident Rates

Incident Type Results Reference
Puget Sound, | All accidentstankers: 2.26 x Tper transit day The Glosten
Washington, All accidentstank barges: 7.68 x T(per transit day Associates et al.
USA All accidentsbulk carrier: 5.6 x 10 per transit day 2013

All accidentsargo ships: 2.171 x Tper transit day
All accidentstugs: 9.33 x 10 per transit day
All accidentspassenger and fishing vessels: 1.154 % dér transit day

Rates of encounter-related vessel incidents (vessel-vessel dffSars collisions) have been studied by
a number of researchers both on a theoretical basis and with analyses wiatiahgtia for specific port
locations or regions. Findings of a number of studies are summarized in Table 100.

Table 100: Review of Study Results on Encounter Incidents

Incident Type Results Reference
Collisions in Any Ship Type Goerlandt and
Gulf of Headon:0.029 £0.002 per yr Kujula 2011
Finland Crossing: 0.180 £0.014 per yr

Overtaking:1.086 * 0.087 per yr
Total: 1.294 + 0.103 per yr
Tanker Involved

Headon:0.017 .001per yr
Crossing: 0.101 £ 0.008 per yr
Overtaking: 0.919 £ 0.073 per yr
Total: 1.037 £ 0.083 per yr
Passenger Vessel Involved
Headon: 0.011 +0.001 per yr
Crossing: 0.097 £ 0.008 per yr
Overtaking: 0.121 +0.010 per yr
Total: 0.228 + 0.018 per yr
Cargo Vessel Involved

Headon: 0.015 + 0.001 per yr
Crossing: 0.119 £ 0.009 per yr
Overtaking:0.830 + 0.066 per yr
Total: 0.963 £ 0.077 per yr
High-Speed Light Craft Involved
Headon: 0.001 + 0.0001 per yr
Crossing: 0.005 £ 0.0004 per yr
Overtaking: 0.006 + 0.001 per yr
Total: 0.012 + 0.001 per yr
Other Vessel Involved

Headon: 0.0002 + 0.00002 per yr
Crossing: 0.006 + 0.0005 per yr
Overtaking:0.025 + 0.002 per yr
Total: 0.031 + 0.003 per yr

Total number of transits = 29, 155

Collisions in Clear Weather Encounters Lewison 1980
UK waters Headon: 12 x 1G/transit
Crossing: 6.6 x 18transit
Overtaking: 5.7 x 1§/transit

200 Allision between vessels when one vessel is stationary at docBasing.
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Table 100: Review of Study Results on Encounter Incidents

Incident Type Results

Reference

Total: 6.9 x 10/transit
Mist/Fog Encounters
Headon: 50 x 1¢/transit
Crossing: 20 x 1&transit
Overtaking: 70 x 18/transit
Total: 20 x 1®/transit
Thick/Dense Fog Encounters
Headon: 290 x 1C/transit
Crossing: 630 x 1Btransit
Overtaking: 350 x 1&transit
Total: 410 x 1G/transit

Collisions Neon = NaPc

Neon = number of collisions

Na = humber of pairwise encounters during time period

Pc = probability of failing to avoid collision course due to technical
failure or human error.

Fujii and Shiobara
1971

MacDuff 1974
Motewka et al. 2010

Collision Tanker

Avoidance Crossing: 5.6 x 16

Failure Rates | Headon/overtaking: 5.6 x 10
(Pe) Passenger/good visibility

Crossing: 6.83 x 10
Headon/overtaking: 4.9 x 16
Passenger/poor visibility
Crossing: 4.64 x 16
Headon/overtaking: 4.9 x 16
Tanker +passenger/good visibility
Crossing: 3.14 x 16
Headon/overtaking: 3.05 x 1t
Tanker +passenger/ poor visibility
Crossing: 5.12 x 10
Headon/overtaking: 3.05 x 1t

All other ships

Crossing: 1.3 x 16
Headon/overtaking: 4.9x 10

MacDuff 1974
Fowler and Sgrgard
2000

Otto et al. 2002
Rosqvist et al. 2002
Reviewed in:
Przywarty 2009

Allisions Oil Tankers

Worldwide Non-serious incident: 3.5 x Tfship year
Serous incident: 6.0 x T¥ship year
Total loss: 4.0 x 18ship year

Det Norske Veritas
2011b

Collisions Oil tankers

Worldwide Non-serious collision: 1.3 x 1¥ship year
Serous collision: 3.0 x TWship year
Total loss: 9.4 x 1®&ship year

Chemical tankers

Non-serious collision: 1.4 x 1¥ship year
Serous collision: 3.4 x Tship year
Total loss: 1.6 x 1¢ship year

Bulk carriers

Non-serious collision: 1.6 x 1¥ship year
Serous collision: 4.3 x 1Wship year
Total loss: 2.0 x 1&ship year

General cargo ships

Non-serious collision: 1.4 x 1¥ship year

Det Norske Veritas
2011b
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Table 100: Review of Study Results on Encounter Incidents

Incident Type

Results

Reference

Serous collision: 4.7 x Tdship year
Total loss: 6.3 x 1¢ship year
Containerships

Non-serious collision: 2.1 x 1¥ship year
Serous collision: 7.1 x 1¥ship year
Total loss: 5.1 x 1®&ship year

Fishing vessels

Non-serious collision: 1.4 x 1ship year
Serous collision: 3.7 x 1ship year
Total loss: 1.0 x 1¢ship year

Other ships

Non-serious collision: 4.8 x 1{ship year
Serous collision: 1.4 x TWship year
Total loss: 7.6 x 1&ship year

All ships

Non-serious collision: 7.9 x 1ship year
Serous collision: 2.3 x 1¥ship year
Total loss: 1.9 x 1&ship year

Modification
Factors for
Collision
Frequency

Collision frequency/hr = average collision frequency per hour ¥,MF
MFs = traffic density (per million kr§)/270

MF = port visits per year/430

Modification Factors

Approach type:

Mg = 4.2 for narrow rivers (<0.5 km)

Muigin = 1.0 for wide rivers (0.2.5 km)

Muigin = 0.3 for wide estuaries (>2.5 km)

Mg = 4.2 for open sea ports

Visibility:

Frequency collision (bad visibility) = 6.9 x frequency collision (good
visibility)

If bad visibility applies for 2% of time, modification factor is:
Collision frequency/ hour = Average collision frequency per hour Vi
MF,is = 5.3 x Probability of bad visibility + 0.9

Risk Reduction Measures:

Vessel traffic services: Mks = 0.16

Traffic separation scheme: Mfs=0.40

Compulsory pilotage: M, = 0.51

Non-compulsory pilotage: Mgt = 2.0

Lewison 1980

Det Norske Veritas
2011b

Det Norske Veritas
1999

Collisions in
Australia

Frequency oépills from collisions = 0.224/year
Frequency ospills from allisions = 0.054/year

Det Norske Veritas
2011a

Collisions
(Model)

Probability of head-on collision = 4.9 x Mransit
Probability of bend collision = 1.3 x Tfiransit
Probability of crossing collision = 1.3 x f@ransit

Fujii et al. 1984
Friis-Hansen et al.
2008.

Collisions in
Dover Strait
(UK)

Probability head-on collision = 5.18 x i@er transit w/o traffic
separation

Probability head-on collision = 3.15 x {1 @er transit witraffic separation
Probability crossing collision = 1.11 x t@er transit w/o traffic
separation

Probability crossing collision = 0.95 x t®er transit witraffic separatior

MacDuff 1974

Reviewed in:
Przywarty 2009

Collisions in
Japanese

Probability of head-on collision = 0.49 x i @er transit

Probability of crossing collision = 1.23 x 1@er transit

Fujii and Mizuki
1998
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Table 100: Review of Study Results on Encounter Incidents

Incident Type Results Reference
Straits Probability of overtaking collision = 1.10 x T@er transit
Collisions in Probability of collision = 1.2 x Iper transit Friis-Hansen et al.
Strait of 2008
Gibraltar
Collisions in Probability of head-on collision = 0.27 x i@er transit Karlson et al. 1998
@resund,
Denmark
Collisions in Probability of bend collision = 1.3 x T@ranst Pedersen et al. 1995
Great Belt,
Denmark
Collisions Probability of head-on collision = 0.5 x i@er transit Friis-Hansen et al.
Model Probability of overtaking collision = 1.1 x T(per transit 2008
(GRISK) Probability of crossing collision = 1.3 x T®er transit

Probability of merging collision = 1.3 x TQer transit
Cabirillo Port, Merchant vessels in coastal traffic lanes: Risknology 2006
California Probability powered collision = 8.1 x P@er year
Model Probability drifting collision = 3.0 x 1®per year

Probability total collision = 3.6 x I¥per year

Commercial vessels calling at Port Hueneme:

Probability powered collision = 8.2 x T@er year

Probability drifting collision = 1.8 x 1per year

Probability total collision = 1.8 x 1tper year

Crude tankers in Point Mugu Sea Range:

Probability powered collision = 8.0 x 2@er year

Probability drifting collision = 1.4 x 1per year

Probability total collision = 1.4 x Ttper year

Navy vessels operating in Point Mugu Sea Range:

Probability powered collision = er year

Probability drifting collision = 1.5 x 1bper year

Probability total collision = 1.5 x Ttper year

LNG carriers calling at Cabrillo Port:

Probability powered collision =|@er year

Probability drifting collision = 2.0 x 1Bper year

Probability total collision = 2.0 x 10per year

Supply vessels operating near Cabrillo Port:

Probability powered collision =|@er year

Probability drifting collision = 2.0 x 1Bper year

Probability total collision = 2.0 x TOper year

Fishing vessels:

Probability powered collision =@er year

Probability drifting collision = 3.0 x 1bper year

Probability total collision = 3.0 x Tbper year
Overall Collisions for containerships: 1.61 x 1@er ship year SAFEDOR 2007

Collisions for
Containerships

Allision (contact) incidents: 3.65 x Tper ship year

Collisions Collisions due to human error: 2.94 x“1per transit Uluscu et al. 2008
Strait of Collisions due to steering failure: 8.72 x°lper transit

Istanbul

Allisions Allisions due to human error: 1.53 x 1per transit Uluscu et al. 2008
Strait of Allisions due to steering failure: 2.62 x 1@er transit

Istanbul Allisions due to propulsion failure: 2.38 x i@er transit
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Table 100: Review of Study Results on Encounter Incidents

Incident Type Results Reference
Collisions Collisions: 8.68 x 10 per transit Akten 2006

Strait of

Bosporus

Tankers in Tanker collisions: 6.6 x IDper year Det Norske Veritas
Fraser River, 2012a

BC, Canada

Hong Kong Collisions in channels: 5.43 x @er port visit Yip 2008

Harbor Collisions in fairways: 1.81 x IDper port visit

Collisions in anchorages: 3.62 x4 per port visit
Collisions in typhoon shelters: 1.63 x™1per port visit
Collisions in other port facilities: 1.81 x T(er port visit
Collisions in open water spaces: 8.69 X p@r port visit

Collisions and

Modeled accident rates for proposed offshore wind energy farm:

Etkin 2006, 2008

Allisions in Allisions by cargo ships: 5.07 x EQer transit
Nantucket Allisions by tankers: 4.3 x 1Dper transit
Sound, Allisions by tow/tug boats: 7.6 x Tper transit
Massachusetts,| Allisions by ferries: 3.8 x 10 per transit
USA Allisions by dry cargo barges: 1.28 xiper transit

Collisions by all vessel types: 4.3 x“1per year
Worldwide Sea-going merchant ships total-loss collisions: 3.6 % ship year OGP 2010
Baltic Sea Collisions: 1.03 x 1 per transit (for years 2002011) Helsinki

Commission 2012

Puget Sound, | Collisions underwagtankers: 1.01 x IOper transit day The Glosten
Washington, Collisions underwaytank barges: 1.71 x T(per transit day Associates et al.
USA Collisions maneuveringank barges: 9.12 x T(per transit day 2013

Collisions underwaybulk carriers: 4.14 x I0per transit day
Collisions underwaypassenger/fishing: 5.34 x ¥@er transit day
Allisions maneuveringiank barges: 4.56 x T(per transit day
Allisions underwaybulk carriers: 4.14 x 18 per transit day
Allisions maneuveringeargo ships: 2.04 x 10per transit day
Allisions underwaytugs: 2.70 x 10 per transit day

Allisions maneuveringugs: 1.48 x 18 per transit day

Allisions underwaypassenger/fishing: 5.34 x I@er transit day
Allisions maneuveringpassenger/fishing: 1.40 x I(@er transit day

Probabilities of Grounding Incidents

Rates of groundings have been studied by a number of researchers both on a theoistevadi lveith
analyses of empirical data for specific port locations or regions. Findingsnoimber of studies are
summarized in Table 101.

Table 101: Review of Study Results on Grounding Incidents

Incident Type Results Reference
Groundings Oil tankers Det Norske Veritas
Worldwide Non-serious Grounding: 8.2 x @hip year 2011b

Serous Grounding: 2.6 x ®hip year
Total loss: 3.6 x 1¢ship year

Chemical tankers

Non-serious Grounding: 1.0 x $@hip year
Serous Grounding: 2.9 x E®hip year
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Table 101: Review of Study Results on Grounding Incidents

Incident Type

Results

Reference

Total loss: 8.0 x 1&ship year

Bulk carriers

Non-serious Grounding: 1.6 x $@hip year
Serous Grounding: 4.3 x E®hip year
Total loss: 2.0 x 1&ship year

General cargo ships

Non-serious Grounding: 1.0 x 2®hip year
Serous Grounding: 5.4 x E®hip year
Total loss: 4.2 x 1&ship year
Containerships

Non-serious Grounding: 4.8 x @hip year
Serous Grounding: 4.5 x hip year
Total loss: 2.0 x 1¢ship year

Fishing vessels

Non-serious Grounding: 6.3 x 2Bhip year
Serous Grounding: 6.9 x Thip year
Total loss: 2.1 x 1&ship year

Other ships

Non-serious Grounding: 2.4 x T&hip year
Serous Grounding: 1.5 x E®hip year
Total loss: 1.8 x 1&ship year

All ships

Non-serious Grounding: 4.2 x 1&hip year
Serous Grounding: 2.5 x Ehip year
Total loss: 3.4 x 1dship year

Drift
Grounding

Frequency of drift grounding {Fund

Frequency of engine/steering breakdowge{kiow) = 2 X 10%ship hour
Probability drift direction towards shoreg(RJ dbased on wind
Probability failure to self-repair (8.

Probability failure to halt drifting using anchors,{&g.)

Probability failure emergency towing k)

F

ground

F P oo PS

onshore’

1 PS

repair

"1 PS

breakdown anchor tov

The available time to stop the drift before grounding,(l9 depends on
the distance offshore (B9, the component of wind velocity in shore
direction (Mying) if positive, and ship drift velocity as fraction of wind
velocity (RVgir) SO that:

T DZOY‘IE

ground
Vv P\ériﬂ

wind
D,one= 6 Nm (nearshore)

D,one= 30 nm (intermediate)

D,one= 120 nm (deep sea)

01T, .
PSepar 1 109" for Tyunain hours

Effects of Risk Reduction Measures (Powered Grounding)
Vessel traffic services Mks= 0.80
Traffic separation scheme Mfs= 1.00 (i.e. no effect)

Det Norske Veritas
1996, 1999, 2011.
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Table 101: Review of Study Results on Grounding Incidents

Incident Type

Results

Reference

Compulsory pilotage Mf, = 0.51

Effect of Approach Type

Narrow rivers (under 0.5 km mean width) i = 6.3
Wide rivers (0.5 to 2.5 km mean width) Mk, = 1.0
Wide estuaries (over 2.5 km mean width) Mk = 0.5
Open sea ports (lock/breakwater approach),M= 4.1
Effect of Distance Offshore

Nearshore (up to 12 nm offshore) Mk.= 3 for trading ships
MF,one= 1.1 for smaller vessels

Intermediate waters (12-50 nm offshore) ME= 0
Deep sea (50-200nm offshore) M= 0

Groundings in

Frequency of powered groundings that result in spill: 0.369/year

Det Norske Veritas

Australia Frequency of drift groundings that result in spill: 0.416/year 2011a
Groundings in | Probability of grounding = 1.58 x TQper transit Fujii and Mizuki
Japanese 1998

Straits

Groundings in
Dover Strait

Probability of grounding = 1.55 x T(per transit without traffic separatid
Probability of grounding = 1.41 x TQoer transit with traffic separation

MacDuff 1974

(UK)

Groundings in | Probability of grounding = 2.2 x 10per transit Friis-Hansen et al.

Strait of 2008

Gibraltar

Groundings in | Probability of grounding = 2.0 x 10per transit Karlson et al. 1998

@resund,

Denmark

Grounding Probability of grounding = 1.6 x 10per transit Friis-Hansen et al.

Model 2008

(GRISK)

Containership | Groundings for containerships: 6.84 x°lfger ship year SAFEDOR 2007

Groundings

Groundings Groundings due to human error: 1.67 X' }@r transit Uluscu et al. 2008

Strait of Groundings due to steering failure: 3.84 X 1@r transit

Istanbul Groundings due to propulsion failure: 1.92 X°Jer transit

Groundings Groundings/strandings: 8.92 x1@er transit Akten 2006

Strait of

Bosporus

Tankers in Tanker powered groundings: 3.4 x“er year Det Norske Veritas

Fraser River, Tanker drift groundings: 1.6 x Fper year 2012a

BC, Canada

Worldwide Sea-going merchant ships total-loss groundings: 5.45p#0 ship year | OGP 2010

Baltic Sea Groundings: 1.19 x Ibper transit (for years 2002011) Helsinki
Commission 2012

Puget Sound, | Groundings underwagankers: 2.02 x IOper transit day The Glosten

Washington, Groundings underwajugs: 5.41 x 10 per transit day Associates et al.

USA Groundings underwaypassenger/fishing: 5.88 x 1@er transit day 2013

Probabilities of Other Incidents

Rates of other vessel incidents with spillage potential have been studied by a number of researchers both

on a theoretical basis and with analyses of empirical data for specific port location®ws.régidings
of a number of studies are summarized in Table 102.

174 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis




Table 102: Review of Study Results on Other Incidents

Incident Type

Results

Reference

Fire/Explosion

Oil tankers

Non-serious fire/exp: 2.8 x 1Wship year
Serous fire/exp: 1.2 x 1¥ship year
Total loss: 3.2 x 1&ship year
Chemical tankers

Non-serious fire/exp: 1.6 x Tfship year
Serous fire/exp: 1.1 x 1Wship year
Total loss: 1.6 x 1&ship year

Bulk carriers

Non-serious fire/exp: 2.4 x Tship year
Serous fire/exp: 1.2 x 1¥ship year
Total loss: 1.3 x 1¢ship year

General cargo ships

Non-serious fire/exp: 1.9 x Tfship year
Serous fire/exp: 1.5 x 1¥ship year
Total loss: 3.3 x 1&ship year
Containerships

Non-serious fire/exp: 2.5 x Tfship year
Serous fire/exp: 2.0 x 1Wship year
Total loss: 1.4 x 1&ship year

Fishing vessels

Non-serious fire/exp: 4.1 x Tlship year
Serous fire/exp: 6.9 x 1Wship year
Total loss: 3.2 x 1&ship year

Other ships

Non-serious fire/exp: 1.5 x Tfship year
Serous fire/exp: 1.1 x 1Wship year
Total loss: 2.2 x 1&ship year

All ships

Non-serious fire/exp: 1.5 x Tfship year
Serous fire/exp: 1.1 x 1Wship year
Total loss: 2.6 x 1&ship year

Det Norske Veritas
2011b

Transfer Spills per cargo transfer Det Norske Veritas
Errors Crude oil: 1.9 x 17 2011b

Other petroleum: 1.8 x 10

Chemicals (low flash): 1.5 x 10

Liquefied gas: 7.6 x 10
Other Frequency of fire/explosions that result in spill: 0.137/year Det Norske Veritas
Incidents Frequency of hull damage incidents that result in spill: 0.236/year 2011a
Australia Frequency of transfer errors that result in spill: 0.384/year

Frequency of unauthorized discharges: 0.111/year

Fire/Explosion

Fire/explosions: 3.1 x 1b/ship year (Lloyds data)

Fire/explosions: 1.4 x 18ship year (UK MAIB data)
Fire/explosions: 11 x IHship year (Bureau Veritas data on general
cargo, container, and ro-ro/passenger ships)

Schneider et al. 199

Fire/Explosion
on Nord Pas-
de-Calais,
France

Fire/explosions: 2.9 x I®/ship year (Lloyds data)
Severe fire/explosions: 7 x Tship year (Lloyds data)

Selway et al. 1999

Fire/Explosion

Fire/explosions: 9.6 x IT0/nautical mile sailed (Lloyds data)
Fire/explosions: 5.4 £0° /port call (Lloyds data)

Ammerman et al.
1988
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Table 102: Review of Study Results on Other Incidents

Incident Type Results Reference
Other Fire/explosions for containerships: 3.55 x>Ier ship year SAFEDOR 2007
Incidents Machinery damage for containerships: 1.29 ¥ pér ship year

Containerships

Hull damage for containerships: 1.27 x*l@er ship year
Foundering for containerships: 6.52 x>l@er ship year
Other incidents for containerships:7.24 xJier ship year

Fire/Explosion

Fire/explosions due to human error: 6.38 X p@r transit

Uluscu et al. 2008

Strait of Fire/explosions due to mechanical/electrical: 7.98 X fiér transit
Istanbul
Tankers in Tanker structural failures/founderings: 2.0 X ¥er year Det Norske Veritas
Fraser River, Tanker fire/explosions: 5.0 x T(er year 2012a
BC, Canada
Containership | Cargo damaging accident rates during handling of containers in port] Clark 2003
Container Cargo accidents per lift (transfer): 1.3 x®er year
Incidents in Probability of breach of containment: 1 x“fer year
Felixstowe, UK | Chance of hazardous cargo release: 3.2@3per year
Cargo-damaging fire at berth: 9.5 x®er year
Transfer Washington state: 4.0 x T@ransfer error spills/transfer (pre-regulation| Etkin 2006
Errors in Washington state: 2.6 x T@ransfer error spills/transfer (post-regulatio
California and | California: 4.6 x 1G transfer error spills/transfer (post-regulation)
Washington
Worldwide Oil tanker fire/explosion total losses: 7.2 Xx"lfler ship year OGP 2010
Tanker Oil tanker fire/explosion serious casualties: 2.6 X fpér ship year
Fire/Explosion
Worldwide Probability of human error in vessel transit: 2.0 ¥ p@r transit Christensen et al.

(Duration of error: 20 minutes)

Probability of steering failure: 6.3 X FQer hour
Probability of propulsion failure: 1.5 X T0per hour
(Anchoring probability: 0.7)

2001;

Fujii 1983;
Macduff 1974;
Pedersen 1995;
Karlsson 1995.

United States

Probability of steering failure: 2.9 X T@er hour
Probability of propulsion failure: 5.5 X Tper hour

The Glosten
Associates et al.
2004

Puget Sound,
Washington,
USA

Other non-impact underwaankers: 2.82 x T®per transit day

Other non-impact maneuverisgnkers: 5.06 x IOper transit day
Other non-impact anchoretdnkers: 1.79 x IOper transit day

Other non-impact docketankers: 1.70 x I®per transit day

Other non-impact underwakank barges: 4.26 x TQper transit day
Other non-impact maneuveriggnk barges: 4.56 x I(per transit day
Other non-impact anchoreink barges: 1.24 x T(per transit day
Other non-impact dockethnk barges: 1.70 x T{per transit day
Other non-impact underwalgulk carriers: 1.24 x I0per transit day
Other non-impact anchoreblulk carriers: 1.62 x Idper transit day
Other non-impact dockeBulk carriers: 2.09 x Idper transit day
Other non-impact underwagargo ships: 1.68 x 10per transit day
Other non-impact maneuveriegargo ships: 1.02 x 10per transit day
Other non-impact anchoregargo ships: 5.06 x I0per transit day
Other non-impact dockeslargo ships: 3.08 x 10per transit dy

Other non-impact underwalugs: 1.38 x 18 per transit day

Other non-impact maneuveridmggs: 2.23 x 18 per transit day

Other non-impact anchoretligs: 9.70 x 18 per transit day

Other non-impact docketligs: 4.56 x 19 per transit day

The Glosten
Associates et al.
2013
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Table 102: Review of Study Results on Other Incidents

Incident Type Results Reference

Other nonimpact underwaypass/fishing: 2.83 x IDper transit day
Other non-impact maneuveriggass/fishing: 1.60 x Ibper transit day
Other non-impact dockepass/fishing: 4.56 x 1Dper transit day
Bunker error dockedankers: 8.49 x I®per transit day

Bunker error dockedank barges: 1.78 x TQper transit day
Bunker error dockeebulk carriers: 1.04 x I9per transit day
Bunker error anchoregtargo ships: 2.53 x I0per transit day
Bunker error dockeetargo ships: 1.03 x I0per transit day
Bunker error anchoretlgs: 9.70 x 18 per transit day

Bunker error dockedugs: 4.27 x 19 per transit day

Bunker error dockeepass/fishing: 2.27 x 1Dper transit day
Transfer error anchorethnkers: 1.79 x Ihper transit day
Transfer error dockesfankers: 1.95 10° per transit day

Transfer error dockeslank barges: 5.33 x Tper transit day

Vessel Density Approach to Collision Probability

Another approach to collision probability is based on the concept that vessel ddresityuihber of
vessels in a given area) is the driving factor, since vessel density #ffegistential encounter rate. This
approach is useful for determining the increase in likelihood of collisionsingitbases in overall vessel
traffic.

Based on an analysis conducted on vessel collisions and vessel density in the Pugehé&allodying
relationship between vessel density and expected collisions was developed:

CR, 0.00003*°

Where:d = vessel density (number of vessels per square mile)
CRy = collision rate (expected collisions per vessel transit) at vessel dehsity,

The increase in vessel collisions with the future increase in vessel trangith(s vessel density) can be
calculated by changing tltbvalue in the equation and comparing the baseline year with the future year. If
the expected increase in vessel traffic is known or estimated to be a certaingger¢erg., 10% increase

per year or a 65% increase over 10 years), the increase can be applied as in:

CR, 0.00003, **°
d, d, T

Y M) increase

CR, 0.00003"@d, TereaceM™
'CR, CR, CR

Where:CR,, = collision rate at year 0 (base year)
CR, = collision rate at year n
dyo = vessel density at base year
yr = year

n

177 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



n = number of years from base year
Tincrease= @nnual increase in vessel transits per year

The relationship between vessel density and collision rate can be seen in Figure 70.

0.00007

*
0.00006 y = 3E05x18%

R2=0.988
0.00005 /
0.00004

*

0.00003

0.00002 /
0.00001 /

0.00000 T T
0.00 0.50 1.00 1.50 2.00 2.5
Vessel Density per square mile

Expected collisions per vessel transit

Figure 70: Expected Collisions by Vessel Density ~ ***

201 Equation developed from data on vessel density and collision rates &tedfoom Judson 1992,
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Appendix B: Hudson River Navigational Issues Associated with Ice

Regulations on Ice Operations
The regulations with regard to operations under ice conditions on the Hudson Rivedé 33 CFR
Part 165. These regulations include:

X Vessels less than 3,000 horsepower while engaged in towing operations are not authorized t
transit that portion of the Hudson River south of the Troy Locks when ice tB&kmeaverage is
eight inches or greaté?¥

X Restrictions may be imposed on Hudson River transits during heavy ice conditiomsgeayi
assist tug whenever the sum total length in feet of the tug and barge igullkpl six (6) is
greater than the shaft horsepower of the tug pushing the Barge.

Under ice conditions, vessels that are northbound from the New York Harbor must uaaed/feport all
planned destinations, cargo and quantity to the Sector New York Command Center. d,ikawis
southbound vessels departing Albany or any northern port must report the same.

The COTP New York will notify mariners of the location and thicknekshe ice as well as any
restrictions via marine broadcast, Local Notices to Mariners, and VTS New Far the purpose of this

rule, the definition of horsepower in 46 CFR 10.107 applies. When the ice thickness reaches anfaverage o
eight inches or greater on the Hudson River along reported routes, vessssstibdfe3,000 HP engaged

in towing operations would not be authorized to transit unless in conjundtiosaheduled Coast Guard
icebreaking operations in the area, or operating with an assist tug at a$ @&onvoy, or specifically
authorized by the COTP New York.

Operators of vessels that do not meet the criteria of the operatingti@ssti but who believe that they
have the capability to operate in ice safely, may seek a waiver from the COVF dik to continue
operating. Waivers may be requested by calling telephone number (718836%4r on VHF channel 13
or 16.

Ice Passing Zones

To provide safer meeting and passing conditions during periods of heavy ice vhictksea "track" the
Hudson River Pilots, in coordination with the USCG and tug/barge companies, have developed new
navigation and vessel communication strategies for the Upper Hudson River. Foremaogttia@sen
strategies is the creation of 6 areas (meeting zones) where the USG®nmaitted to breaking ice
within each zone to the full width of the channel limits. The ice passing zomehawn in Figure 71
through Figure 78. Use of these meeting/passing zones is strictly voluntary asat tulhe judgement

of the vessel operators.

202 hitps://homeport.uscg.mil/cgi-
bin/st/portal/uscg_docs/MyCG/Editorial/20140204/Ice%20Season%20RNA.pdf?id28ef26bfef9228b62ea0c5
b89fd7279a4b&user_id=c8dca2ec360fd10a0f793a98556f886a

203 Coast Guard Sector New York Ice Season Fact Sheet
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Figure 71: Castleton Ice Passing Zone

Figure 72: New Baltimore Ice Passing Zone

Figure 73: Stuyvesant Anchorage Ice Passing Zone

180 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



Figure 74: Middle Ground Ice Passing Zone

Figure 75: Hudson Anchorage Ice Passing Zone

Figure 76: Hudson Light Ice Passing Zone
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Figure 77: Germantown Ice Passing Zone

Figure 78: Malden- on-Hudson Ice Passing Zone

USCG Icebreaking Operations
The USCG will conduct icebreaking operations for a variety of prioritized reasons:

X

Ports, Waterways, and Coastal Security (PWCS)tcebreaking operations may be required to
facilitate security operations;

Search and Rescue (SAR)When loss of life on the water or ashore is a possible outcome, the
USCG will conduct icebreaking required for SAR response;

Urgent Response to Vesseldhe USCG will respond to vessels in urgent situations which, if
left unassisted, have a high probability of deteriorating into a hazasdoason (e.g., assistance

to an ice-bound vessel in danger of drifting, grounding or becoming trapped i faeldaunder
pressure and at risk of suffering a hull breach);

Exigent Community Services:The USCG will provide icebreaking assistance to prevent floods
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X hazardous water stages caused by ice obstructions and assist remote commpeitially ése-
bound communities that have need for fuel, food, and medical sufiflies;

x Facilitation of Navigation: The USCG will conduct ice-breaking operations in ice-covered
waterways as resources permit to extricate vessels from danger, mitigatéohazsituations,
assist shipping, and other reasons determined by the District Commanders; and

X Research and Development and Science Missions.

USCG District 1 has specified the following expectations and goals for icebré&king:

x Facilitate deliveries to energy terminals within 24 hours of scheduled delivery (goal:;100%)

X Passenger and cargo ferry service stoppages to isolated communities shouldetbtvexackays
per event where that population is totally dependent on the ferry for setwites community
(goal: 100%);

X Respond to all requests from vessels beset in ice to arrive on scene twidssistix hours of
notification or at first light (goal: 95%); and

x Commence relief of ice jams within 24 hours of notification by the Arrayp€ of Engineers
(goal: 100%).

During the 2015-2017 ice seasons, the USCG District 1 reported 16 auxiliaryghtsrfiglated to ice
monitoring and 1,327 hours (over 55 continuous days) of USCG Cutter icebreaking. Theneowere
reported SAR assists, ship or facility breakouts, or ship escorts requieetlSKBG District 1 maintains
the icebreaking vessels shown in Table 103.

Table 103: USCG District 1 Icebreaking Assets
Maximum Icebreaking
Vessel Type Vessel Name Homeport Speed Draft Capability
q <7/ 6PD Line Bayonne, NJ 12 inches; Thicker ice
Harbdr Tugs Hawser Bayonne, NJ 10 kts 6.6 ft | requires backing and
Wire Saugerties, NY ramming
Sturgeon Bay | Bayonne, NJ 27 inches; Using bubblg
T :7*% system, effective
Icebreaker Tugs Penobscot Bay Bayonne, NJ 14 kts 121t loosening brash and
Thunder Bay ROCkland, ME Opening |arge tracks
T :/% -XQL|Juniper Newport, RI 14 inches at 3 kts; 36
; 16 kts 13ft | ; )
Class Buoy Tender | Willow Newport, RI inches when ramming

24 Thjs is generally coordinated by the Army Corps of Enginedris;hws mandated to do this.
25 USCG Sector New York 2016-2017 Icebreaking Se@smom: http://homeport.uscg. mil/newyork
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Appendix C: Pilotage Regulations

Jurisdictional Issues

A distinctive feature of pilotage regulation in the United States islikeae &are two jurisdictional spheres

of government regulation, state and federal. Pilotage of international tradés\ies&¢S waters is

governed by the twenty-four coastal states through comprehensive pilotage systems &nseolireg

well-trained independent pilots are always available, without discriminationyteeasel required to use

a state pilot. Federal pilotage regulations, administered by the US Coast Guard, gedain vessels to

be piloted by an individual with a Coast Guard-issued federal pilot licam$eestablish the rules and
SURFHGXUHV IRU WKH LVVXDQFH RI D IHGHUDG®HBEDORSL. ORWNQVSUR
conduct.

State regulation has been preempted by Congress in only two limited areas:

(1) States may not regulate pilotage on US-flagged vessels operating in theismastdomestic
trade; and
(2) States may not regulate pilotage on the Great Lakes.

All acts and laws governing pilotage, with the exception of the Great Lakes Piftggare placed in

chapter Subtitle 11 of Title 46.71, Chapter 85. As a result, the enabling staawithiyrity for all state and
federal pilotage law in the US, with the limited exception of the Qrekés, can now be found in the
three sections of Chapter 85. The chapter confirms the traditional boundariesnbdte/estate and
federal pilotage regulation.

States are to have the preeminent role in regulating pilotage in the United Statesaaedthe exclusive
role in regulating pilotage of vessels other than coastwise vessels and thoseGiedhd.akes and
contains the prohibition on state laws requiring the use of a state-ticpihtgeon a US-flag, coastwise
vessel that is either self-propelled or a tank barge inspected under ciiapkéeitl8 46. This also sets out
the requirement to take a federally-licensed pilot for coastwise velsaelr¢ exempt from state pilotage
requirements under 8501(d).

Experience Required

Depending on the area for which an individual wants the First Class pilot's literiskee must have
between 12 and 36 months aboard a ship of more than 1,600 gross register tonnage, ofleesich2at
are spent in the deck department, standing watch and steering the ship. Vidaahdiust have between
12 and 20 round trips through the area for which he/she seeks the pilot endqraeché® percent of
those trips must be made at night. The last trip must have been made within six ofottls

examination date.

Board of Commissioners of Pilots of the State of New York: The®ohCommissioners of Pilots (the
"Board") is a public agency, created by the New York State Legislature, Chapter 467, Laws @fs1853,
amended to provide for the competitive selection, training, licensing and regua&iate pilots who
navigate oceangoing vessels which operate on New York State waters ams @fatoncurrent
jurisdiction in Connecticut and New Jersey. The States, under authority gbgnted Congress, have
exercised authority to control the piloting of vessels along their waterwaysdimglicoastal waterways
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within the territorial limits of the States, since before the federaltibatnen was adopted. Federal Law
and Regulation (46USC 8501(A)), provides thaitots in the bays, rivers, Harbors, and ports of the
United States shall be regulated only in conformity with the laws of the Stesthat "the States have
authority over the Pilotage of all American vessels sailing under register, thahgsged in foreign
trade, and all foreign flag vessels."

Ship registration is the process of documenting a ship's given nationality. Toreafigtiof a ship allows

it to travel internationally wherever citizens of that nation are auhdrio travel. The registration is

almost like the passport for the ship, itself. Per international agreements,nes@hant ship must be
reJLVWHUHG WR D SDUWLFXODU FRXQWU\ 7KH FRXQWHJ\ WR/ KIKE FK L
is bound by the laws of its flag state.

The Board of Commissioners of Pilots of the State of New York holds weekly pnbétings (every
Tuesday morning at 10:30am.) for the purpose of maintaining close oversight oftéhpilBtage system
and operations. Each New York State pilot license is renewed annually, following a persionaigree
interview, at which the pilot's vision, medical records, training and work npegiftce are reviewed in
detail. Board members attend additional meetings, hearings, seminars, and conferenceagenagpitl
navigational safety related subjects with maritime industry, state and faderaly representatives. 8h
Board continuously emphasizes professional development and promotes the highest standesrdmdf
safety in the conduct of marine operations.

To carry out the Board's responsibilities under the New York Navigation LavBdhel provides for
educational grants to State pilot associations and participates in funding docad\State pilot training
and technology, including carry-aboard laptop computers equipped with electronic chadirgPS
positioning equipment, software development and training, participation in authofizidg for the
construction of new pilot boats and other capital items, including the acquisitiatl ghones for use
aboard ships on the Hudson River and Azipod propulsion system and tractor tungtrsioiie that an
Azipod is a marine propulsion unit consisting of a fixed pitch propeller redunt a steerable gondola
("pod™) which also contains the electric motor driving the propeller.

The Board currently issues three types of legislatively authorized Slattdicenses, each covering a
separate portion of New York State navigable waters. Jurisdiction, originatlySendy Hook Pilots at

the Port of New York in 1853, was extended to Hell Gate Pilots by Chapter 283, La@&3pextended

to Hudson River pilots by Chapter 676, Laws of 1959; and extended to Long Island Sound-Block Island
Sound pilots by Chapter 942, Laws of 1971.

The New York State Pilotage Districts under the responsibility of this Board are:

The Port of New York

New Jersey District

The Hudson River District (Port facilities from Yonkers to Albany-Rensselaer)
Long Island and Block Island Sound District

X X X X
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The Board regards the matter of safety of navigation, protection of the envirosewnity of our ports
and waterways, and thorough training, licensing, professional accountability, andgluveos$i
competitively selected State pilots among its highest priorities.

Board of Commissioners of Pilots of the State of New York

The Board of Commissioners of Pilots of the State of New York Policy and Procedure 012-15 states:

3(YHU\ IRUHLJQ YHVVHO DQG HYHU\ $PHULFDQ YHVVHO XQGt#t
otherwise then by sea and of three hundred or less gross registered tons and having a fully
loaded draft of seven feet or less, entering or departing from the Hudson River nortmef a li

running from the foot of Main Street, Yonkers, New York, west to Alpine, New Jersey, or
navigating any of the waters of the Hudson River north of that line, and south of the dam at Troy,

New York, shall take a Hudson River Pilot licensed under the authority of the lavesSthte of

New York (Navigation Law, Article 6, Section 89-a as amended).

The Hudson River Pilot is the Compulsory State Pilot for the waters of the HudsoaRiveas
FRQWURO RI WK HonY H shdlH® uxavguD fot arly \Merson, other than a licensed
Hudson River Pilot to pilot, or offer to pilot such vessels entering or departing the Hudson River.

The Master has the right to intervene or displace the State Pilot only in circumsteimeesthe
State Pilot is manifestly incompetent. Incapacitated, intoxicated or the vesselmméatiate
GDQJHU 3:LQ H[WUHPLV" GXH WR WKH 6WDWH 3LORWTV DFWLR

In the event a vessel transiting the Hudson River requires a continuous pilotageedhan ten hours,

two pilots are assigned at the beginning of such transit. A second pilonehdlé required when the

vessel anchors for a minimum of eight hours such that the transit does not require a continuous pilotage of
more than ten hours by one pilot.

Pilot Training

The duties of the Board of Commissioners of Pilots of the Staiewf York, as provided by the New
York Navigation Law, include establishing rules and regulations regardirtgapipoenticeships, approval
of applications of apprenticeship, and examination of Sandy Hook, Hudson River, anglaodgSound
Pilots for original licenses and any extensions of route. The qualifications for entrangeranes.

An Advanced Pilot Training Program ensures that New York State pilotheatwest trained, equipped
and informed professionals in the nation. The training program, which is regularweeviand
upgraded, provides continuing education seminars, including for example:

x Bridge Resource Management for Pilots at the Maritime Institute of Technology addaf
Studies (MITAGS);

X Manned Model Training at Port Revel, France, the Maritime Pilots Institut€oirington,
Louisiana, Marine Safety, Inc. at Newport, Rhode Island, and the Massachusetts Maritime
Academy Ship Simulator School;
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X Radar Systems Theory and Use, Electronic Chart Display and Information Syst&nSJEC
Satellite Navigation (SATNAV), Global Positioning System (GPS), Automatentification
System (AIS), electronic information and auto pilot systems;

Selected case histories and studies of maritime accidents and casualties;

Master-Pilot Exchange (MPX) system and protocols;

Change of the Conn Policies and Procedures;

Role of the Compulsory State Pilot;

Human Factors in Marine Operations;

Fatigue, Sleep and Medications Program at MITAGS;

Root-Caue Analysis n Marine Casualties;

Tractor tug, azimuth propulsion, podded propulsion and dynamic positg training at
MITAGS ard the Maritime Pilos Institute.

X X X X X X X X

The advancedpilot training program ensures that State liceng®ldts maintain their high
professional standards the rapidly changing maritime industry. The courses fomugfficient use
of personnel, communications, equipment, organizational dawelop andhuman,aswell as
technical, resources available thebridgeof amoden ship. The advanced pilot training prograia
responsive to, and addressles recommendations and/or rulesother recognized safety agencies,
such asthe National Transportation Safety Board, The National SafeynCil, Standards fdhe
Training and Certificatiorof Watch Officers and the United States Coast Guard. Thé afothe
advancedpilot training programisto heighten communication levels and awarenafsthe various
human and operational factors whiaffect their work, and their livesnia State pilotage system,
which operates twenty four hourslay in all weather conditions.

Regulations for Tugs and Barges

46 CFR 815.605 requires every towing vessel of at least eight meters (2 feetyinder the direction

and control of a person licensed as a master or mate of towing vessels,pgegstimein command in the
ZKHHOKRXVH 3/LFHQVHG LV GHILQHG DV WKH SRS HUK O WF WEWHPID
tug of its class, size and service, and for the waters in which it is operating.

7KHUH DUH PRUH VSHFLILFV LQ WKH FRQWH[WDRIGW RH HHHD DWVR
GHFNKDQG LV QRW TXDOLILHG DV DQ\ RI WKH UXINMNXKDNE RIQ DR HUY
licensed master, and will conceivably operate on more than 12 hours duration, anettsadliofficer

meeting the requirements of 46 CFR 815.610 will be required, unless the operator timtemms the

vessel after 12 hours of operation, to allow at least 12 hours for the master to rest.

An articulated tug-barge (ATB) is classified as a towing vessel. Thus, traisgpérate them must have
WKH SURSHU FUHGHQWLDOV WKDW LQFOXGH DR WRQ@KWUHVKXFXQ'
tug/push/towing vessels that are the power source used to move non-propelled barges.

There are several paths established in federal regulations for advancement (filbtxtef Towing, and
from there to Master of Towing vessels.
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A Merchant Mariner Credential (MMC) officer endorsement as Master or Mat®wing Vessels is
required to be the first or second captain on towing vessels great@6tiieet in length. The Apprentice
Mate (Steersman) is a training position for advancement to Mate of Towing.

The Apprentice Mate requires 540 days that includes 360 days on towing vessels, ayd 60 the
desired route.

The Apprentice Mate may advance to Mate of Towing after gaining 360 days experienceing Tow
Vessels while holding an endorsement as Apprentice Mate, completing a TOA fayute, and an
approved Radar Observer Class.

Mate of Towing may advance to Master of Towing after gaining 540 days as Mate on Tegisgs
while holding an endorsement as Mate of Towing.

Every mariner who stands watch on a towing vessel must have a completed TowiagsOfssessment
Record (TOAR) for that route. There are four TOAR assessment sheets:

Limited TOAR for a specific company route
Western Rivers TOAR for the Mississippi River
Inland and Great Lakes TOAR

Near Coastal

Ocean TOAR

X X X X X

The current 46 CFR Part 15.610(b) specifies that the towing vessel be undenttioé afoan officer
PHHWLQJ WKDW VHFWLRQYV UHTXLUHAHORWYHIRQ D MRZILKQ D FB VW KI
KROG pubD ILUVW FODVY SLORWYYV HQGRUVHPH QW WedterivRvergy U R X W H
RUYY WKDW WKH RIILFHU PHHWYV WKH UHTXW HPRRUGHWLNQ | RW (D WKR 2D
requirements based on the type of barge being towed.

46 CFR Section 15.610 Master and Mate (Pilot) of Towing Vessels states:

(a) Except as provided in this paragraph, every towing vessel of at iea@te® (at least 26 feet)
in length, measured from end to end over the deck (excluding sheer), must be undectioa di
and control of a person licensed as master or mate (pilot) of towingssesse master or mate
of vessels of greater than 200 gross register tons holding either an endorsementradmehis
license for towing vessels or a completed Towing Officer's Assessment Reca&)B@ned
by a designated examiner indicating that the officer is proficient inogezation of towing
vessels. This does not apply to any vessel engaged in assistance towing, doteiranyessel
of less than 200 gross register tons engaged in exploiting offshore minerals dreitetsel ha
sites or equipment so engaged as its place of departure or ultimate destination.

(b) An officer may continue to operate towing vessels within any restgctibhis or her license
from May 21, 2001, until the first renewal or upgrade of that license, buateotthan May 21,
2006. Every towing vessel covered by paragraph (a) of this section must carryt ghdeas
following personnel:
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() An officer designated Master and holding a license as:

(i) Master of towing vessels;

(i) Master of towing vessels (Limited) when operating solely withilimited

local area;

(iif) Operator of uninspected towing vessels;

(iv) Master of inspected, self-propelled vessels within any restrictions eon th

license; or

(v) Mate or first-class pilot of inspected, self-propelled vessels witteade for

service in vessels of greater than 200 gross register tons (Domestic service only).
(2) Another officer, if the vessel is operating more than 12 hours in any 24sa0ad,
holding a license:

(i) Listed in 46 CFR 815.610(b)(1);
(i) As mate (pilot) of towing vessels;
(i) As second-class OUTV; or
(iv) As mate of inspected, self-propelled vessels within any restrictionseon th
license.
(c) Any towing vessel operating in the pilotage waters of the Lower MissidRipgr must be
under the control of an officer who holds a first-class pilot's license or endorsemtnatfroute,
or meets the requirements of either paragraph (c) (1) or paragraph (c) (23 skdtion as
applicable:

(1) To operate a towing vessel with tank barges, or a tow of barges carryardchaz
materials regulated under part N or O of this subchapter, an officer in obfathe
towing vessel must have completed 12 round trips over this route as an observat, with
least 3 of those trips during hours of darkness, and at least 1 roundttvgp I within

the last 5 years.

(2) To operate a towing vessel without barges, or a tow of uninspeatges, an officer
in charge of the towing vessel must have completed at least four round tripthisver
route as an observer, with at least one of those trips during hourkoéssrand at least
one round trip of the 12 within the last 5 years.
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Appendix D: Crew Fatigue/Endurance

Tugboats, towboats, and push boats, all considered towing vessels, are usually navigatexy lrydarw
single operator who navigates, steers, and acts as lookout. With two officers ontheanitht house
watch standing period is usually six hours on watch and six hours off watch, any decalsaedly has
the same watch standing routine. This is permitted regardless of the lenigghvol/age. The result has
been that officers and crew are working at least 12 hours a day which amounts tooam @6rk week.
Typically two watch crews work 30 days onboard the boat and 15 days ashore, other ontiang off
schedules are also used.

Many of the tank vessels that move clean products and crude oil on the Hudson Rigek drarges
being pushed by tugs. In recent years, an increasing number of tug and barges transpoténg@ee
Articulated or Integrated. Articulated Tug Barges (ATBs) and Integratef Barges (ITBs) are large
barges with ship shaped bows. They have notches on their sterns in which tugsy spesigtied and
built for each barge fit into and are locked in place with hydraulic rams. &#Bgtthey are a unit, but
the tugs can be disconnected relatively easily for dry-docking and repairs. TBghthe tug is locked
rigidly to the barge. With ATBs, the connection is hinged to allow flexingrigelawaves. Articulatk
ATBs and ITBs are used rather than small tankships primarily because Coastc@arequirements
for tugs involve fewer crewmembers than tankships. Ships usually have three watches, with
crewmembers working 4 hours on duty and 8 hours off duty. Tugs usually have two coekisgvé
hours on, 6 off.

The two-watch schedule used on towing vessels and shorter voyages allows a racimedafi deck
officers but does not allow any more than six hours off duty. If no layoversatynort and the watch
schedule continues, the two-watch or six on and six off system does noy psualit readjustment of
the crews' circadian-rhythms. Circadian-rhythms are a cyclic variation in physalstate, mental, and
physical activity, roughly 24 hours in duration. Portions of the cycle have been &temtith drowsiness
and low performance.

US Coast Guard Guidance on Crew Endurance
The USCG has a page online for Crew Endurance ishtips;//www.uscg.mil/hg/cg5/cg5211/cems.asp
[Additional information concerning this matter can be accessed there.]

In December 2005, the USCG developed a report entittdlP SOHPHQWLQJ WKH &UHZ ((
ODQDJHPHQW 6\VWHP &(06 , RIgch7&gdnqed t0 H keyuitednerit in Section 409 of

the Coast Guard Authorization Act of 2004 (P.L. 108-293), in which Congress direet€bast Guard

to report on the results of a demonstration project involving the implementdtibhe Crew Endurance
Management System (CEMS) on towing vessels.

In this 2005 report that was distributed to Congress in March 2006, the USCG acknowledged and stated:

31 XPHURXV VWXGLHV LQGLFDWH WKDW KXPDQ IDFWRUV FRQ
casualties. Most of these human factors relate to cognitive abilities sucha®sillawareness

and situational assessment. Research further indicates that fatigue and poor enduesilye gr

influence cognitive ability. As with any 24-hour-day, 7-day-week operation, wetkabthe risk
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factors for fatigue and endurance exist throughout the maritime transportation industry.
7TKHUHIRUH DGGUHVVLQJ IDWLJXH DQG HQGXUDQFH LV D FUL'
UHGXFH WKH ULVNV RI PDULQH FDVXDOWLHV ~’

S7TUDGLWLRQDOO\ UHJ Xdhdd \8eBtaf Viave@difekddd Vtld iz @Ghvo8dh bidurs of
service or manning requirements. These regulations form an important part of our overall
strategy to address fatigue. However, fatigue-related accidents have continued to occue becaus
prescriptive regulations alone do not address the interrelated human factors thabuatsto
fatigue. Marine operators are exposed to a variety of operational risk factors, such@darre

work hours, extreme temperatures, heavy workloads, and extended separation from family
members. In response to this situation, the Coast Guard has developed the CEMS t@oket of
and practices maritime operators can use to manage productivity and safety levels in their
RSHUDWLRQV ~

37KH SXUSRVH RI WKH GHPR Qiéwtbhad QEMB @& feddiRa effEdtiveZzany WR V
sustainable. Previous clinical and scientific analysis by the Coast Guard Research &
'"HYHORSPHQW &HQWHU KDV DOUHDG\ SURYHQ WKDHMW\W(06 LV
endurance. This demonstration project focused on how well companies and crewmembers were
able to implement CEMS, and the reARUOG LPSDFW &(06 KDG XSRQ WKH
alertness, and ability to cope with endurandeH ODWHG ULVN IDFWRUV ~

37KH UHVXOWY RI WKH GHPRQV Wpddpahly gra@ticBd) REWMIS isWffedt® Z WK D'
in reducing fatigue-related risks. The demonstration project results indicate that compashies an
vessels that followed CEMS practices achieved measurable reductions in all fatigad-rilkat
IDFWRUV ~

On March 21, 2008, USCG issued Navigation and Vessel Inspection Circular (NVIOB#8X ULWHULD
IRU (YDOXDWLQJ WKH (IITHFWLYHQHVV Rl &UHZ (QGXUDRQFH 0DQD.
Compliance with this NVIC at the moment is voluntary. The American WatervDperators website

states:

3Since 1999, the US Coast Guard and AjAierica Waterways Operatorshve worked together to
promote crew alertness in the 24-hour-a-day envirommietie tugboat, towboat, and barge industry.
Since that time, the Coast Guard and AWO havelmttaed in the development and roll-out of the
Crew Alertness Campaign and Stay Alert for SafebcHure, conducted research into CEMS
application, and worked together to educate AWO Ineerrompanies on CEMS principles. More than

130 organizations now have trained CEMS coachestadhand over 1600 coaches have been certified
throughout the United States and internationallW@. is also sponsoring groundbreaking research
aimed at better understanding the sleep habit®wing vessel crew members and promoting best
SUDFWLFHV WR SUHYHQW F WG MMIQRHH DQG SURPRWH FUHZ

206 hitp://Awww.americanwaterways.com/initiatives/safetyironmental-sustainability/crew-endurance
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Final Rule on Inspection of Towing Vessels

On July 20, 2016, the final rule on Inspection of Towing Vessels became effective. Incubdedinal

rule preamble is a discussion on Crew Endurance Management Systems (CEMS) and addresses the
numerous public comments concerning that issue and commences on page 400FedértleRegister

Vol. 81, No. 118/ Monday, June 20, 2016 and continues for most of page 40078. In the preamble

discussion, USCG states:
Ve are considering developing a separate rulemaking for Hours of Service (HOS) and Crew
Endurance Management (CEM) based on our authority under 46 USC. 8904(c). If we do so, we

will publish a separate document in tlieederal Register therefore, we have limited our
UHVSRQVHVY EHFDXVH ZH DUH QRW SURSRVLQJ +26 RU &(0 UHT:
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Appendix E: CBR-SpIllRISK

For determining probabilities of CBR spills, a series of probabilities atalee, as summarized in Figure
79. There is a probability of a accident (primarily a derailment, but also inglugllisions and other
types of rail accidents), the probability that the accident involveghtrdtank) cars rather than just
locomotives, the probability distribution of tank cars involved in the accidenprtf@bility that there is
release from the tank cars, and the resulting probability distribution of spill volumes.

207

Figure 79: Steps in Determining Probabilities for CBR Spills

This approach was selected for determining CBR spill probabilities and/alpithes because there is a
lack of anecdotal data on these types of accidents given that CBR tramsipdey and unit trains (i.e.,
trains that include 20 to 120 tank cars containing only crude oil) has only beestanesisince about
midway through 2011. Prior to that oil transport was generally limited to smaibers of tank cars
carrying refined petroleum products and occasional crude oil in manifest firigist Therefore, freight
trains were used as a proxy for CBR unit trains. The basic approach of agaicdidents and
probabilities of cargo release has been applied in several other studies (e.g., Bigure 80

Forty-five years of FRA freight train accident data were used to determinesfrey of rail accidents,
numbers of cars derailed per accident, and probability of spillage from tank cars in an &&ident.

27 Based on: Etkirt al.2015b.

M 7KH )5$ DFFLGHQW GDWD LQFOXGHG QXPEHUV I FIDIXY H DY M UDH DPIHIHAG
the primary classification of most accidents. However, even accidents tieah kiéfferent primary classification,

such as collision or highway-rail crossing accident, may have cars that 8ared.derailment of cars, regardless of

the cause of the derailment, can cause damage to tank cars so that tets @e released, numbers of derailed

cars were considered in the analysis.
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Figure 80: Rail Hazardous Material Spill Risk Analysis Approach of Rail TEC 2%

Both loaded and unloaded CBR unit trains may have spills. For a loaded train, there méipde «pi
cargo oil, which may be Bakken crude or some form of diluted bitumen) or fromethel ticomotives.
For empty trains, the spills would be only from the locomotives. For an unloadedthimicontent of
cargo is negligiblei(e., only trace amounts that cling to the insides of the tank car). In this analyki
crude spills from loaded CBR trains are considered. Diesel spills from locomotives areuudsdncl

Five basic types of accidents were included in the analgleesilments, collisions, fire-explosion events,
highway-rail accidents, and miscellaneous evéfita. total of 59,379 accidents occurring on main line
track™* during the years 1975 through 2015 were analyzed.

7KLY DQDO\WLV XVHV WKH WHUP UDLO DERDERHQWYLY QVNHR SL\Q X \Zt
Federal Railroad Administration (FRA) in describing train accidents or agwmes that result in a
PLQLPXP RI LQ GDPDJHV DQG RU SHUVRQIKA \L @GNDXUWD\] HO MKRAH ¥
are not included in the analysis. Accidents analyzed include derailments, collisionsyhigiiverossing

accidents, and other events that resulted in damages to trains, rails, systems, or persoisnalirinthe

WHUP 3DFFLGHQW LV XVHG WR GHQRWH DQ HYHQW MRK@MHUWLEY XQ-F
$SSO\LQJ WKH W H b Ril ¥ert-do€s @ WiplyWwh& the event was unavoidable or could not

have been prevented in some manner. The accident could be caused by human error, faubyntequipm

and other factors.

The probability analyses were conducted as Monte Carlo-based fault-tree analysesrgorate
uncertainties and probability distributions within each category. In the ghadlability analysis, factors

299 Etkin et al. 2015a, 2015b; Saat al. 2014; Saat and Barkan 2006.

210 Four collision types combined: broken train (moving train breakspiatts and impact occurs between parts, or
portion of broken train collides with another consist); raking (betweets pr consist on adjacent track, or with
structure,e.g., EULGJIJHVZVLISERJ FR O @&hd/ aRi@ide. Rirélexplosion accidents include fires, violent
ruptures, or detonations occurring as primary events; does not irada@teents in which spills ignite or explode
secondarily. Highway rail crossing accidents involve other vehiclpgadting trains at crossings. Miscellaneous
includes obstruction accidents that occurs when trains hits objethionrightof-way, various other kinds of
impacts, and other accidents that cannot be captured under the otheiesategor

21 Main line track means a track of a principal line of a railroad, including igtes through yards, upon which
trains are operated by timetable or train order or both, or the uséidh v& governed by block signals or by
centralized traffic control (23CFR 8646 Subpart B).
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that could affect accident and spillage probability (such as the use ofssdferars and implementation
of various regulations) were consideféd.

The historical data that were used to establish baseline probabilities! facaidents involve equipment
and practices that do not necessarily include the mogi-date regulatory changes and safety measures
that may reduce the incidence of accidents to mitigate risk. Risk natigatasures that may affect the
likelihood of future CBR unit train spills include: speed restrictions; ecé braking; positive train
control (PTC); wayside detectors; thermal protection; and tank car design.

The first four measures reduce the likelihood of accidents; the last twsuresatank car design and
thermal protection, reduce the probability of spillage due to breaches and therragedarthe event of

an accident. Another risk mitigation measure that has been implemented is tengitening of
Bakken crude oil to reduce volatility. This measure does not reduce the likebhepilage, but does
reduce the probability of fires and explosions in the event of spills. In addition to factors that could reduce
the risks of accidents and spillage, a factor that could increase the risk of aceidemtilso considered,

i.e., train length. Other factors, including later stability, sloshing, andpewsen crews were also
considered, but ultimately did not factor into any changes in accident or spill prgbabilit

Accident Rates per Train-Mile
Accident rates were re-calculated on a per-train“Mibasis for the various data (Table L04

Table 104: Freight Train Main Line Accident Rate per Train-mile by Period and Type
Accident Type Average Accidents per Million Train-miles™
19754984 19854994 19952004 20052015 19752015

Derailment 5.2701 1.6323 1.0318 0.6475 2.1089
Collision 0.3609 0.1387 0.0900 0.0575 0.1592
Fire/Explosion 0.1193 0.0198 0.0081 0.0171 0.0405
Highway-Rail Crossing 0.3226 0.2211 0.1895 0.1968 0.2316
Miscellaneous 0.1913 0.1052 0.0939 0.0799 0.1167
Total 6.2642 2.1170 1.4134 0.9988 2.6569

A brief analysis of accident rates from loaded and unloaded freight trains was ednigudetermine if
there was a significant difference. The results are shown in Table 105. Assumih@ithatre roughly an
equal number of loaded and empty trains, the probability of an accident is abouaswikely with a
loaded train versus an unloaded train. There is a higher probability of arrdaeith a loaded train for

all accident types except for highway-rail crossing accidents. The probabilitiesddras for each of the
individual accident types are used in apportioning probabilities of accidents with loaded and eéngpty tra

The overall probability data for accidents by jurisdiction and accident type are sh®ablén106. These
probabilities were then apportioned by loaded and empty trains as per Table 1Q6ewébults shown
in Table 107 for loaded trains that would be carrying crude oil cargo.

#2The overall approach is described in Etkin 2016 and Horn et al. 2017.

213 A train-mile is a single train traveling one mile.

4 National train mile data from FRA.
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Table 105: US National Accident Rates with Loaded and Empty Trains (1975  £015)*”

Accident Type Loaded # Loaded % Empty # Empty % Total # Total %
Collision 281 57.8% 205 42.2% 486 100.0%
Derailment 5,858 70.4% 2,462 29.6% 8,320 100.0%
Fire/Explosion 41 71.9% 16 28.1% 57 100.0%
Hwy-Rail 194 38.5% 310 61.5% 504 100.0%
Miscellaneous 218 64.1% 122 35.9% 340 100.0%
Total 6,592 67.9% 3,115 32.1% 9,707 100.0%

Table 106: National Accident Rates Applied in CBR Probability Analysis: All Freight

Accident Rates on Main Lines Per Million Train-miles*®

Accident Primary Classification :
High Low Average
Collision 0.3609 0.0575 0.1592
Derailment 5.2701 0.6475 2.1089
Fire/Explosion 0.1193 0.0081 0.0405
Hwy-Rail Crossing 0.3226 0.1895 0.2316
Miscellaneous 0.1913 0.0799 0.1167

Table 107: Accident Probabilities for CBR Probability Analysis: Loaded Trains Only

Accident Rates on Main Lines Per Million Train-miles

Accident Primary Classification -
High Low Average
Collision 0.2086 0.0332 0.0920
Derailment 3.7102 0.4558 1.4847
Fire/Explosion 0.0858 0.0058 0.0291
Hwy-Rail Crossing 0.1242 0.0730 0.0892
Miscellaneous 0.1226 0.0512 0.0748

CBR Accident Probability Adjustments
The calculated probabilities of rail accidents were based on historical daraahatot be completely
relevant forfuture CBR operations for a number of reasons:

X CBR unit trains are operated differently from other freight trains weipect to maximum speed
and other factors;

x CBR unit trains act differently from other freight trains with respecttevdhstability;

X Operators plan to make capital improvements on rail lines; and
A number of safety improvements have been, or will be, in place due talfedet state
regulations.

5 |ncludes only FRA data that includes information about whether train wdedéempty at the time of accident.
% High value based on highest time period; low value based on lowest time; parioage based on average in all
years (as in Table 194
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The safety measures, especially PTC, track upgrades, and wayside detectors, wotddetioek in the
prevention of rail accidents, as some have been for some time already to reducesat@derhe
historical rates. The reduction factors of PTC, track upgrades, and waysiderdetherefore, are not

truly independent from one another. For this reason the reduction rates cannot be simply added together to
calculate an additive reduction factor. The adjustments to accident prigbfdilCBR transport that

were considered in this analysis are summarized in Table 108.

Table 108: Considered Adjustments to Rail Accident Probability

Accident Factor for AssUmptions Potential Adjustments
CBR Unit Trains P from Baseline Rate

Enhanced ECP Braking™"%® ECP brakes used; effective in reducing 0.007-8.7% reductioft®

accidents
Positive Train Control (PTC)??®#' | PTC fully implemented 2 80%reduction
Wayside Detectoré?>?% Wayside detectors operational and effective 20% reduction

No adjustment needed as two-person crews

0,
already in effect; benefit or detriment uncleg 0%

Two-Person Crew$?*

Track upgrades completed; effective in

! ) 37.5#5% reduction
reducing accident rates

Track Upgrades?®®

Reduced Operating Speetf® Operating speeds of 40 mph 0%

No adjustment needed for lateral stability 0%

ik 227
Lateral Stability (unrelated to sloshing)

Sloshing does not increase accident rate or
>90%-full cars

Sloshing®® 0%

217 Electronically-controlled brakes.

#18B0oz Allen Hamilton 2006; Renze 2015; Brousseau 2014; AAR 2014,

219 In December 2017, the US Department of Transportation rescinded its rulenth&riatas carrying flammable
commodities be equipped with ECP braking. A year-long study byTiansportation Research Board of the
National Academies of Science reported that a comparison between ECP arghtiooal brakes was

3L Q FR Q F Ongv/Itrvi.Haihs.com/news/news-wire/2017/124%p-brake-rulé

20pTCisdeLQHG LQ IHGHUDO ODZ DV 3D V\wWahRolBsiohs|. dv@rksieedvderaBroeHty, HQW W L
incursions into established work zone limits, and the movement ofratlirmiugh a switch left open in the wrong
SRVLWLRQ’ &)5 T al govekhnteht had @higldally mandated PTC for all railroads by the end of
2015, but in October 2015, the statutory deadline was extended toT2@&k8. are also provisions for cdsgcase
extensions possible up to the end of 2020 to allow time for railroaat$etguately test their systems. This extension
was based on the findings of an August 2015 report from FRielatys in implementation of PTC. 49 CFR 8236
*2LERA 2015; Kawprasert and Barkan 2010; AAR 2015; Peters and Fritteli 2012; &aski

222 A key prevention component in minimizing derailments is therexto which the subject railroad employs
PRQLWRULQJ HTXLSPHQW WR GHWHFW DQRPQWLRY RWHKHD WUEFDMRQUNW WEKHB'
the safe passage of a train. The nationwide wayside detector systéechs@ogy that allows railroads to prevent
damage and accidents before they happen. Positioned along 140,000f mdié®ad in the nation, seven kinds of
wayside detectors monitor the wheels of passing trains and alertrraperators to potential defects enabling them
to schedule appropriate maintenance in a safe, timely, and cost-effeativer.

223 McWilliams 2015;http://freightrailworks.org/wp-content/uploads/safety2.pdf

224|CF Incorporated 2015.

%5 ju et al. 2010, 2013a, 2013b; 2014.

226 Anderson and Barkan 2004 and leitial. 2011a.

227 T()V Rheinland Mobility Rail Sciences Division 2014; Etkinal. 2015a.

228 pshtianiet al. 2015; Celebi and Akyildiz 2002; Jimin et al. 2009; Tang et al. 2008a; Tang 808b;Barkan et

al. 2000; Wang et al. 2014; Gialleonardo et al. 2013; Abramson 1966
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Table 108: Considered Adjustments to Rail Accident Probability

Accident Factor for . Potential Adjustments
CBR Unit Trains P from Baseline Rate

Train length increases accident rate for 100 12.4% increase

Train Length 22 102-car trains.
9 Train length increases accident rate for 120 24.7%
car trains. increase

The factor that has been attributed with the greatest potential reductionideras is PTC, which is
estimated to prevent anywhere from two to 80% of accidents. Wayside detectorsgesilet with PTC
to prevent accidents. The wayside detectors provide information to the PTC sygstieat trains can be
stopped or controlled to prevent an accident when irregularities are detectedisFeason, wayside
detectors have not been separately added in to the adjustment factor. Thetribeassfumed to be
largely related to the way in which they interact with the PTC systemwiske track upgrades include,
to some extent, the installation of wayside detectors and other components of PECaréheso some
aspects of track upgrades from FRA Class 3 to FRA Class 4 that involve reptapivgjtioning, shoring
up, and repairing track to allow for safe operation of trains at greatedssgéene assumes that track
upgrades, which are largely already in place in many locations, is the baselinestthadjufactors (a
75% reduction factor to be applied to historical accident rates), the additenefits of PTC may
increase that somewhat. Any accidents not already prevented by the track upgrades peee may
prevented by the full implementation of PTC (incorporating wayside detectard).iffone assumes that
track upgrades even without fully-implemented PTC is indeed at least halfiveffeat minimum
effectiveness of 37.5% can be assumed.

The factor that can reasonably be considered independent is enhanced braking, whichemay hav
minimal (0.007%) to 3.7% reduction in accidents. This is an aspect of theatttaén track infrastructure
and operating system overall. ECP braking can be considered an additive factor in this analysis.

However, the greater lengths of the CBR trains (from 100 to 120 cars) have beerntshmsasethe
likelihood of an accident over more typical 80-car freight trains. Fol®ecar train, the probability of
accidents is estimated to increase by 12.4%; for the 120-car trains, the |gyoisadstimated to increase
by 24.7%. These increases in accidents somewhat counteract the reductions realized by trsafedyious
measures. The increase in accident rates due to longer trains is taken into account in thensalculat

The adjustment factors for rail accidents are summarized in Table 109 . Since afranges was
considered in the modeling, both the highest and lowest reduction factors were included as €8T able

Table 109: Applied Adjustment Factors for CBR Accident Rates

, Adjustments to Baseline Accident Rate
Train Length — 5
Minimum Maximum
100 cars 25.1% decrease 71.3% decrease
120 cars 12.8% decrease 59.0% decrease

29 gchafer and Barkan 2008
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Release Probability with Hazmat Tank Cars

Rail accidents involving hazmat tank cars, such as those used to transport ¢rddenotl necessarily
result in the release or spillage of any hazardous materials. The next phhsepasltability analysis
involved determining the release probability in the event of an accident involving CBBatank

To determine the probability of a release from tank cars, an analysis of ajb&@cidents involving
loaded tank cars was conducted with the results shown in Table 110. In the 3,589 accidemgréhar
total of 11,352 hazmat cars damaged or derailed with 2,418 releasing material. Intweatirds
(66.2%) of accidents involving hazmat cars, there is no release from damagegiled d=ars. The
spillage probability depends on the type of accident and the time period. The cundikitibetion of
percentage of hazmat cars with releases in each accident is summarized in Table 111.

Table 110: Percent Damaged/Derailed Loaded Hazmat Car with Release
Accident Type Percent Hazmat Cars with Release
19754984 19854994 19952004 20052015 19752015
Collision 27.9% 32.1% 12.1% 13.1% 19.5%
Derailment 26.5% 22.3% 14.9% 19.4% 21.5%
Fire/Explosion 50.0% 100.0% - - 60.0%
Highway-Rail Crossing 27.7% 24.4% 5.9% 6.8% 17.0%
Miscellaneous 8.8% 22.9% 14.0% 47.1% 19.1%
Total 26.4% 22.6% 14.6% 19.0% 21.3%
Table 111: Cumulative Probability of Release Percent from Hazmat Cars (1975 2015)
Percentie % Cars with Release -
(% Accidents) | Caollision Derailment | Hwy-Rail | Fire/Explosion Misc. Aceidents
60" 0% 0% 0% 0% 0% 0%
65" 0% 0% 0% 0% 0% 0%
70" 31% 19% 0% 0% 0% 23%
75" 49% 32% 20% 0% 0% 33%
80" 59% 49% 36% 0% 75% 49%
90" 100% 100% 100% 100% 100% 100%
95" 100% 100% 100% 100% 100% 100%
og" 100% 100% 100% 100% 100% 100%

Adjustments to Spill Probability for CBR

The probability that there would be spillage in the event of a rail accident mebdsatjusted for the
particular circumstances of current and future CBR transport since releasmtaelease probabilities
are based on historical data with older tank car designs.

Hazardous material release accidents decreased significantly between 1980 and 19@8, r@miained
relatively steady until another drop in 20880Overall there has been a 90% decrease in spillage with
improvements in tank car safety design, as well a substantial reduction in acddecis.of this

230 Barkan 2008a; Barkaet al.2013.
199 Hudson River Oil Spill Risk Assessment Volume 3: Oil Spill Probability Analysis



reduction in spillage may be attributable to the reduction in accidentste@inetion depends on the
specific time period analyzed. An analydion data from 19852004 showed an 85% reduction in the
release rate and a 44% decrease in the accident rate.

A significant emphasis has been placed on reducing the likelihood of spitegeCBR trains with the
implementation of safer tank car designs, emphasizing an increase in wall thi¢kiée effectiveness
of the new tank car designs were estimated and modeled by PHMSA, as shown in Table 112.

Table 112: Effectiveness of Newly Constructed Tank Car Options Relative to DOT- 111%3
Head Shell Thermal Top Bottom
Jeliistesl VEIE] Puncture | Puncture Damage Fittings Outlet Valve
PHSMA/FRA (DOT-117) 55% 21% 17% 12% 4% <1%
AAR 2014 Design 51.3% 21% 17% 12% 1.3% <1%
Enhanced CPC4232 41.3% 19% 9% 12% 1.3% 0%

In another analysis conducted by AAR in conjunction with the Railway Supply Ing¢iR8t¢ as part of
the RSI-AAR Railroad Tank Car Safety Research and Test Project, the condiitioability of release
for various types of tank cars were found to be as shown in Table 113.

Table 113: Conditional Probability of Release by Tank Car Type  ***
Additional Features®®® Conditional Probability of Release
Car Category

Shell | Jacket | HHS | FHHS | TFP Any Volume >2.4 bbl

DOT-111 (Legacy) ' 20.6% 19.6%

9 12.8% 8.5%

9 9 13.2% 10.3%

CPC-1232 ’ 9 9 9 6.4% 4.6%
’ 9 9 9 5.2% 3.7%

DOT-117 ’ 9 9 9 4.2% 2.9%

Taking the data in Table 113, the calculated reductions in probabilities of reledisgdsgrom the
newer design tank cars are shown in Table 114. Note that the two values highlightedaire @iotually
increases in release probability 7KLV PHDQV WKDVCPG,KB2 ¢ Bekullivhadrdikelyoto

release oil than the jacketed DOT-111 car.

%1 Barkan 2008a.

232\wWall (tank) thickness is inversely related to the probability of releas&dB&008a; Hughest al. 1998).

233 Federal RegisteVol. 79, No. 108 (August 1, 2014), Part Il Department of $pamtation, Pipeline and
Hazardous Materials Safety Administration (49 CFR 8§ 171, 172,1743,179) pp. 45,01815,079.

234 API/AAR 2014; Treichel 2014; Barkan et al. 2015. Probability that théltéde a release or spill from a tank car
given an accident.

2 HHS = half-height head shield; FHHS = full-height head shield; TFP = top-fittingsgion.
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Table 114: Estimated Reductions in Release Probability with Newer Tank Cars
T

Car DOT-111 DOT-111

Category Shell Jacket HHS | EHHS | TEP Al\rl10n-Jacketed = Jacketed
Volie | >24bbl | oW | >2.4 bbl
9 9 50.4% 47.4% -3.1% -21.2%
CPC-1232 ’ 9 9 9 75.9% 76.5% 50.0% 45.9%
’ 9 9 9 80.5% 81.1% 59.4% 56.5%
DOT-117 ’ 9 9 9 84.2% 85.2% 67.2% 65.9%

Another study estimated the reduction in the average probability of releastafrbroars that meet the
specifications of the DOT-117 car to be 85% compared with the probabiligleafse from the current
non-jacketed DOT-111 c&f’ In addition, the enhanced design is expected to considerably reduce the
likelihood of secondary failures caused by fire. Thermal protection systems on tankniatisel heat

flux to the tank car containers when exposed to fire, reducing the likelihood of product ¥&lease.

Train speed also affects the probability that a derailment will r@spillage from tank cars® At a

slower speed, fewer cars would be expected to release material. The probability afaammelease
reduces by 22% to a probability of 0.32, and the mean number of tank cars releasinglne@58éso

1.38 cars. The study assumes that there are 10 tank cars on an 82-car train.

Table 115 summarizes the adjustments to spill probability applied inindleGBR spill probability
analysis.

Table 115: Considered and Applied Adjustments to Tank Car Release Probability
) Adjustments to Baseline Tank Car Release Rat
Factor Assumptions — -
Minimum Maximum
Tank Car DOT;llZ) and DOT-117R tank car release ratt 43% reduction 79 204 reduction
Design applied
Operating Releas;al E?Zte reduced due to lower operating 3506 reduction 3506 reduction
Speed speed¥
Therma}l 'I_'hermal pfot%:tlon reduces releases due to 129% reduction 12% reduction
Protection | fire/explosiorf
Adjustment Applied to Impact Accident Rate 43% reduction 72.2% reduction
Adjustment Applied to Fire/Explosion Accident Rate 12% reduction 12% reduction

2% HHS = half-height head shield; FHHS = full-height head shield; TFP = top-fittingsgpion.

%7 Barkanet al. 2015.

238 hitp://www.ntsh.gov/safety/safety-recs/recletter$f014-017.pdf

239 Kawprasert and Barkan 2010; Létial. 2014.

240 For impact-related accidents (derailments, collisions, highway-rail crossidents, miscellaneous).
241 Kawprasert and Barkan 2010.

242 For impact-related accidents (derailments, collisions, highway-rail crossidents, miscellaneous).
243 Reduction applied only to accidents caused by fire/explosion.
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Numbers of Cars Involved in Transit Accidents

When a rail accident occurs in transit, there are varying numbers of frarghtthat may be involved. An
aralysis of the numbers of freight cars involved in derailments and other ascidesntonducted. Based
on the national FRA accident dafathe probability distributions of number of cars and percentage of
total cars were developed, as shown in Table 116. For each type of accideat¢hmany factors that
determine the number of cars involved.

Speed is an important factor in determining the number of cars that derailacci@ent. One stuéfy
examined the average numbers of cars that derail based on track class and speed, a8iif€igure

Table 116: Damaged/Derailed Freight Cars Involved in Transit Accidents by Type/Time Al
Time St Number of Freight Cars Involved per Transit Accident
Frame Collision Derailment | Hway-Rail | Fire/Explosion| Misc. All
% 0 cars 50.5% 3.6% 94.1% 97.5% 88.3% 31.7%
2005+ | Average 2.8 8,2 0.5 0.3 0.7 5.7
2015 | Maximum 41 122 46 27 39 122
Accidents 390 4,390 1,257 118 529 6,684
All % 0 cars 50.1% 2.5% 85.6% 97.2% 82.9% 17.1%
Years Average 2.9 7.8 1.3 0.3 1.0 6.6
1975+ | Maximum 58 122 80 43 66 122
2015 Maccidents | 3,106 43,656 4,456 872 2,390 54,480

% Incidents Derailed Freight Cars on Class 4 Track by Speed

80%

m1t5cars
m61t10 cars
m11t15 cars
m16t20cars|
[ 21125 cars
50% - m>25 cars

70%

60% -

40% -

30%

20%

10% -

0% -

1t10 mph

11t25 mph 2640 mph >40 mph

Figure 81: Frequency Distributions of Derailed Cars on FRA Class 4 Track by Speed

248

244 Thjs follows the methodology in Etkiet al.2015b.

245 Anderson and Barkan 2005.

248 Track classified by FRA with respect to maximum speed for track comdics0 mph for freight, 80 mph for
passenger. This is the dominant class for main-line track used in pasaaddong-haul freight service.

7 FRA accident data on freight trains of at least 20 freight cars on main lin€5%¥a4B0 accidents).

48 Based on Anderson and Barkan 2005.
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When a tank car is breached, the entire contents may not necessarily be reldesedvmdnment. The
amount released depends specifically on the size of the puncture or tear in thésthdation, te
orientation of the car (upright, at an angle or on its side or end), the volum@l déf flae tank, as well as
the characteristics of the fluice.g, its viscosity and pour point) at the prevailing environmental
conditions (primarily air temperature).

A literature review revealed four studies that mention the distributioeledse percentages. One study
mentioned that in one-third of cases, only 5% of the tank car conteatedsead, and that in one-third of
cases, 80 to 100% is released. Presumably, the remaining one-third releases betweer?&* 8l 80
second study evaluated the release rates of tank cars with the results shown in Efjdre 82.

Frequency of Releases from Tank Cars in Accidents
Frequency

60%

50%

B Tank-Caused
E Non-Tank Cause|

40%

30%

20%

10% -

0% -

0-5% 5-20% 20-80% 80-100%
Percent Tank Capacity Lost

Figure 82: Frequency of Releases of Different Volumes %2

A third study combined conditional probability of release with percentage relesanalyses indicated
that the conditional probability of releases( a spill in the event of a derailment) was 0.117 for tank-
related causes and 0.207 for non-tank-related causes for DOT-111 tank cars, and tad 82%% of
the tank capacity would be lost, respectively. Multiplying these values togethed aeft25% average
tank capacity release risk for tank-caused accidents and 6.65% for non-tank-cawdsmtsaddiith an
average tank capacity for DOT-111 cars of 717.7 bbl, this would mean an average relegsz ri
derailment of 52 bbl and 48 bbl, respectively, depending on whether the @teased due to tank- or
non-tank-related causes.

The fourth study assumed a Poisson binomial probability distribution of the numbsrkotars that
would release material assuming there were 10 tank cars (Figuré 83

249 Treichelet al. 2006.

%0 gaat and Barkan 2005.

%1 Tank-caused accidents involve damage to the head and shell; non-tae#-aacidents involve damage to other
tank car components, principally the top and bottom fittings.

2 Based on Anderson and Barkan 2004.
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The percentage of release from individual tank cars and the numbers of tanknaaved, in
combination with the amount of oil contained in each tank car, will determin®tleamount of oil
released to the environment.

Figure 83: Estimated Probability Distribution of Derailed Tank Car Numbers 2o

The actual volume of crude oil in each tank car may vary depending on:

The type of oil and its density (specific gravity or °API);

The capacity of the tank car based on its model design;

The degree to which each tank car is filled (to allow for air space); and
The total weight limit allowed per tank car (gross rail load).

X X X X

Capacities of various tank car designs are shown in Table 117. The tank capacity is notilgebessa
amount of Bakken crude that would be contained in an individual car, because there is amtaxau
gross weight (the empty tank car plus its cargo) that is allowed. Thghtwealled the gross rail load
(GRL) is set by regulations. The GRL for North American free interchangetiat 263,000 pounds
(131.5 short tons). The GRL for heavy axle load weight for North Americas Ctafiroads is currently
set at 286,000 pounds. (143 short tons), which puts a load of 36 tons per axle for a dypiealef
freight car. This weight limit exists regardless of the commodity being carried.

7\SLFDOO\ WKH QRPLQDO FDSDFLW\ DOVR HDWOKG FDUIHKW BHRXRNX
pounds (33 tons), which allows for 220,000 pounds (110 tons) of cargo. The volume depends on the
density of the commaodity. In the case of Bakken crude, with a density of 0.8P8dfA3.67) at 60°F,

110 tons is the equivalent of 776.8 bbl. However, this exceeds the tank capacity of the tank cars, as shown

in Table 117. (The reason for the discrepancy is that Bakken crude oil is particularly lighty)}ladded

23 ju et al.2014.
#*Lju et al.2014; assumes 10 DOT-111 tank cars in an 82-car train.
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DOT-117 or CPC-1232 tank car filled to a 675.5-barrel capacity weighs 70.6Regmardless of the
tank capacity, tank cars of crude oil are generally loaded to allow for air space so e oil c
expand due to temperature differences during transport. Qidercars (unjacketed DOT-111)
generally are loaded with 690 barrels of Bakken crudéoffor the newer DOT-117 tank cars, the
expected loading volume is 650 barrels. This takes into account a 4% expansion space.

Table 117: Capacity of Tank Car Designs “°
Tank Car Type Typical Tank Full Capacity (bbl)*’ | Maximum Total Gross Rail Load (Ibsy*>®
DOT-111 (Non-Jacketed) 717.7 263,000
DOT-111 (Jacketed) 607.1 263,000
CPC-1232 (Jacketed) 675.5 286,000
DOT-117 675.5 286,000

CBR Accident/Release Probability Modeling (CBR-SpillRISK)

The analyses of rail accidents and spills, as well as the various adjustments based on spetaitoB

all inform the inputs for the final spill probability modeligane for loaded CBR unit trains and one for

empty trains. The basic fault-tree models are solved with a Monte Carlo simulation approach. This allows
for distributions of values and uncertainties to be incorporated into the analysighiathsolely static

values. The calculations are made in accident and spill frequencies per train-mil@ifFh@lés vary

based on the numbers of trains expected. The adjustments to accident probability and to release
probability were applied to accident rates, and the adjustments for the release réamkroars take into
account safety enhancements are summarized in Figure 84 .

Figure 84: Adjustments to Historical Rail Accident and Release Probabilities

2 The unjacketed DOT-111 cars involved in the Lac-Mégantic accident contaioeid6al2.22 bbl each.

#%Based on data provided by Railway Supply Institute.

%7 Actual capacity will depend on the specific design features.

%8 The change in regulatory gross rail load (GRL) from 263,00B6080 was made in 2003 and is not unique to
tank cars but applies to all rail cars (Barkan 2008a, 2008b; AAR 2003arBeatrial. 2015).
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The rail accident-related inputs into CBR-SpillRISK model are in Table 118. Pretradjut accident
rates are the highest and lowest rates in Table 104 for2095. The accident numbers per million train-
miles apportioned into accidents with loaded and empty trains based on data in0&akbnly loaded
trains were considered in the accident and spill analysis.

Table 118: CBR-SpillRISK Model Rail Accident Inputs with Adjustments (Loaded Trai ns)
Accident Probability Per Million Train-Miles
, Pre-Adjustment Adjustment Adjusted
Accident Type i Multipliers
Low High U7 e - & Low High
(cars) Min. Max.
. 100 0.749 0.287 0.1264 0.5255
Derailment 0.4403 | 0.7016
120 0.872 0.410 0.1805 0.6118
. 100 0.749 0.287 0.0035 0.0709
Collision 0.0123 | 0.0946
120 0.872 0.410 0.0050 0.0825
. . 100 0.749 0.287 0.0000 0.0087
Fire/Explosion 0.0000 | 0.0116
120 0.872 0.410 0.0000 0.0101
. 100 0.749 0.287 0.0155 0.1002
Hway-Rail Cross | 0.0541 | 0.1338
120 0.872 0.410 0.022 0.1167
Miscell 0.0543 | 0.1284 100 0.749 0.287 0.0156 0.0962
i n . )
sceflaneous 120 0.872 0.410 00223 | 01120

Since the accident rates are on a per train-mile basis, the accident numbers fori@8Reed to be

calculated from estimated CBR train-miles. There are no defirdét® on CBR train-miles nationwide.

It was assumed that of the approximately 600 million annual freight train;7il&8 could be

apportioned to CBR traffic (based on the percentage of CBR as part of onsghlt)f Therefore, with an

estimated 18 milliontrailP LOHV IRU &%5 WUDIILF WKH 30RZ" DQ@QablesKIRJK™ HVW
are based on the low and high adjusted accident probabilities in Table 118.

Table 119: Estimated Accident Rate for National CBR Transport
Adjusted Accident . . .

. - - Estimated Annual Estimated Accident
Ac_udent Probablll'_[y Pgr Million Accidents Return Years
Primary Train-Miles

Classification Low High Low High Low High

Estimate Estimate Estimate Estimate Estimate Estimate

Derailment 0.1264 0.6118 2.2752 11.0124 0.4 0.1
Collision 0.0035 0.0825 0.0630 1.4850 15.9 0.7
Fire/Explosion 0.0000 0.0087 0.0000 0.1566 0.0 6.4
Hway-Rail Cross 0.0155 0.1167 0.2790 2.1006 3.6 0.5
Miscellaneous 0.0156 0.112 0.2808 2.0160 3.6 0.5
Total 0.1610 0.9317 2.8980 16.7706 0.3 0.1
9FRA data.
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Based on this analysis, it is estimated that there might be 2.9 taddd@ntsper year with loaded CBR
trains. This is the equivalent of a loaded CBR accident once every one to fotassrwie that these
accidents would not necessarily result in spillage.

The tank car release (spill) probability inputs into the CBR-SpillRISK madeiin Table 120. Release
probabilities are based on the data in Table 110 for £¥85%, with adjustments based on Table 115.

Table 120: CBR-SpillRISK Release Probability Inputs with Adjustments (Loaded Trains)
_ Pre—Adjl_Jstment Re:lease Adjustment Multiplier Adjgsted Relea'se
Accident Type Probability per Accident Probability per Accident
Low High Min. Max. Low High
Derailment 0.1490 0.2230 0.570 0.278 0.0414 0.1271
Collision 0.1210 0.3210 0.570 0.278 0.0336 0.1830
Fire/Explosion 0.5000 1.0000 0.880 0.880 0.4400 0.8800
Hway-Rail Cross 0.0590 0.2440 0.570 0.278 0.0164 0.1391
Miscellaneous 0.1400 0.4710 0.570 0.278 0.0389 0.2685

The expected frequencies of spikg &ny volumgare in Table 121. The end result is that there would be
expected to be 0.1 to 2.6 crude spilis one spill every three months to nine yefism loaded CBR

trains annually on a national basis. FhKLJKHU HVWLPDWH RI VSLOO IUHTXHQF\ LV
assumptions about the effectiveness or installation of the various safety mefesigeed to reduce

accidents and releases from CBR trains. The vast majority of accidentagrduesuress already in

place, or will be in place in the next year or two, though the universal avisgflabithe safest tank cars is

in question, however.

Table 121: Annual Frequency of Crude Spills of Any Volume (Loaded CBR Trains)

i Mean Spills/Year Return Years
Accident Type - : - ; : :

Low Estimate High Estimate Low Estimate High Estimate

Derailment 0.094 1.400 10.6 0.7
Collision 0.002 0.272 472.4 3.7
Fire/Explosion 0.000 0.138 - 7.3
Hwy-Rail 0.005 0.292 218.6 34
Miscellaneous 0.011 0.%41 915 1.8
Total 0.112 2.643 8.9 0.4

The frequencies of spills in Table 121 are based on an assumption of 18 milliemitesirfor CBR
traffic nationally, as is currently the case. If CBR traffic werdutbher decrease or to increase again,
based on economic factors that drive this traffic, the spill frequencies wluaihdje. To project spill rates
for future traffic, the spill frequencies per million train-miles are providechiold 122.
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Table 122: Expected CBR Spill Frequencies per Million Train-Miles (Loaded)
, Mean Annual Frequency per Million Train-Miles
Estimate X — . . ; ;
Derailment Collision Fire/Explosion Hwy-Rail Misc. Total
Low 0.0052 0.0001 0.0000 0.0003 0.0006 0.0062
High 0.0778 0.0151 0.0077 0.0162 0.0301 0.1468

CBR Spill Volume Model (CBR -SpillRISK- V)

The second part of the modeling involved deriving the probability distribufipotential spill volumes.
Assuming that a spill occurs, the volume can range from very small up to alangeh or potentially
worst-case, discharge. For a loaded CBR unit train, the maximum spillagedsoba$e number of tank
cars and the volume to which each tank car is loaded. A tank car volume of 690 bblunsedad3OT-

111 car), a tank car volume of 650 bbl was assumed (DOT-117 car).

The model, CBR-SpillRISK-V, was based on:

VOlum@pill I}Ltal Evolvement V0|umgar NOA)OUtﬂC

Where, N = total number of tank car®iovmen: =% tank cars involved in accident (derailed or
otherwise damaged)/olume,, = volume content of tank car; asdOutflow = percentage of release of
tank car contents.

Each of the variables has a distribution of values associated with it, ablm 123 for loaded trains. A
total of 500,000 simulations of CBR-SpillRISK-V were run for each of thedantitypes based on the
criteria in Table 123. The estimate for the expected CBR spill volume prapalisiribution for loaded
trains is described in Table 124 and Figure 85.

Table 123: CBR-SpillRISK-V Inputs: Loaded Trains
Variable Accident Type Low Value High Value

Total Car Number - 100 120
Volume/Car (bbl) - 650 675.5
% Cars Involved / % Outflow/Car Derailment 0% 5% 100% 100%
% Cars Involved / % Outflow/Car Collision 0% 5% 50% 100%
% Cars Involved / % Outflow/Car Fire/Explosion 0% 1% 20% 100%
% Cars Involved / % Outflow/Car Highway-Rail 0% 5% 10% 100%
% Cars Involved / % Outflow/Car Miscellaneous 0% 5% 50% 100%
Table 124: Expected CBR Spill Volume per Incident (Loaded Trains)

Statistical 120-Car Trains 100-Car Trains

Parameter Spill Volume (bbl) Tank Cars Spill Volume (bbl) Tank Cars
Mean 11,253 17.3 10,498 16.2
0 percentile 261 0.4 249 0.4
10" percentile 2,860 4.4 2,718 4.2
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Table 124: Expected CBR Spill Volume per Incident (Loaded Trains)

Statistical 120-Car Trains 100-Car Trains
Parameter Spill Volume (bbl) Tank Cars Spill Volume (bbl) Tank Cars
20" percentile 4,219 6.5 3,984 6.1
30" percentile 5,705 8.8 5,365 8.3
40" percentile 7,375 11.3 6,918 10.6
50" percentile 9,280 14.3 8,686 13.4
60" percentile 11,507 17.7 10,756 16.5
70" percentile 14,186 21.8 13,236 20.4
80" percentile 17,655 27.2 16,452 25.3
90" percentile 22,830 35.1 21,214 32.6
100" percentile 50,201 77.2 44,455 68.4
Bbl Probability Distribution of Spill Volumes from CBR Trains
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Figure 85: Probability Distribution of Crude Spill Volumes from CBR Trains

Combining Spill Probability and Volume Analyses

Each spill frequency value needed to be apportioned to the distribution of spithesl The average
annual spill frequency of 0.11 to 2.6 for loaded CBR trains nationallye ther 10% chance that the spill
would be a volume of 20,000 bbl or more. This means that annually, there is a 0.01 to 0.2@tgrobabi
a 20,000 bbl or larger crude oil spill from a loaded CBR train. The expectedereziinterval or return
period of such a spill volume scenario would be 4 to 89 years. The estimate of anbaailities and

return periods for spills of different volumes for loaded CBR trains are in Table 125.
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Note that the largest CBR spill in the US to date is roughly half e afi the 98 percentile spill
volume. The volume of the Lac-Mégantic spill in Quebec approached theo98d" percentile spill
volume, but there are a large number of reasons that this type of incident isesaidikdly in the US
than in Canada. In addition, the actual volume of spillage in the Lac-Mégantic incéaetrechnically be
divided into two releases.

Table 125: Estimated Expected Average Frequency of CBR Oil Spills by Volume 260
. Frequency per Year Return Years
Spill Volume - : - ; , :
Low Estimate High Estimate Low Estimate High Estimate

250 bbl or less 0.11 2.6 8.9 0.38
2,500 bbl 0.10 2.4 9.9 0.42
4,000 bbl 0.091 2.1 11 0.47
5,000 bbl (30PD) 0.064 15 16 0.66
8,000 bbl 0.059 14 17 0.72
10,000 bbl 0.039 0.92 26 11
15,000 bbl 0.029¢ 0.69 34 1.4
20,000 bbl (90PD) 0.011 0.26 89 3.8
40,000 bbl 0.0011 0.026 890 38
50,000 bbl 0.00011 0.0026 8,900 380

Any spill of 10,000 gallons (238 bbl) or larger would be considered a nmdgord spill. This volume

represents about one-third of a CBR tank car. With an accident that callage ffiom a breached tank

car on a CBR train, it is highly likely thatth VSLOO ZRXOG EH FRQVLGHUHG D 3PDMR
exact volume. This would be due to the concerns about the likelihood of fire and explosioa wit
trainload of Bakken crude, especially in the proximity of a populated, aor the concern about
submerged oil possibilities with a trainload of diluted bitumen product.

20 Results have been rounded to two significant digits.
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