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Acronyms and Abbreviations
ACP: Area Contingency Plan

AMPD: average rostprobable discharge
ATB: articulated tank barge

bbl: barrels of oil (equivalent of 42 gallons)
CBR: crude-byrail

CFR: Code of Federal Register

DPS: Distinct Population Segments

EIS: Environmental Impact Statement
EPA: Environmental Protection Agency
EPF: Environmental Protection Fund

ERC: Environmental Research Consulting
ESA: Endangered Species Act

ESI: Environmental Sensitivity Index
FOSC: Federal OrScene Coordinator

FW: feet water

GIS: Geographic Information System
HROSRA: Hudson River Oil Spill Ris Assessment
kts: knots

LWRP: Local Waterfront Revitalization Program
MHW: mean high water

MLW: mean low water

MMPD: maximum mosprobable discharge
NEPA: National Environmental Policy Act
NMFS: National Marine Fisheries Service

NOAA: National Oceanic andtmospheric Administration
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NYSDEC: New York State Department of Environmental Conservation
NY SDOS: New York State Department of State

PHMSA: Pipeline and Hazardous Material Safety Administration
USCG: US Coast Guard

WCD: worstcase discharge
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Hudson River Qil Spill Risk Assessment Report Volumes
The Hudson River Oil Spill Risk Assessment (HROSRA) is composed of seveatsepalumes that
cover separate aspects of the study.

Executive Summary (HROSRA Volume 1)
The first volume provides an overall summafyesults in relativelynontechnicalterms, including:

X Purpose of study;

x Brief explanation of risk as “probability times consequences” and the way in Wisicudy
addresses these different factors;

x Brief discussion of oil spill basics;

X Results — the “story” of each spill scenario, including the oil trajectory/fate/eMps
fire/explosion brief story (if applicable), and a verbal description ofctresequence mitigation
(response — spill and fire emergency); and

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

HROSRA Volume 2
The second volume provides an overview of the study approach and getr@@lidtion to unique
features of the Hudson River.

HROSRA Volume 3

The third volume reviews the potentialusoes of oil spillage. It also presents the analyses of the
probability of occurrences of spills of varying sizes from the potestiaices under different conditions
of traffic and oil transport.

HROSRA Volume 4

The fourth volume presents the analyseghefpotential consequences or impacts of hypothetical spills,
including the trajectory and fate of spills to the water, and the potenadsure of resources above
thresholds of concern, based on oil modeling (including Appendices with detailessfegc.).

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

HROSRA Volume 6

The sixth volume presents the analyses of spill mitigatheasures to reduce the risk of spills through
prevention, preparedness, and response. The volume includes response and psspapeditierations
for the specific modeled scenarios, as well as overall response issues fdudbon River. It also
includes more generic descriptions of prevention measures (vessels, trains, fatiifjes,

HROSRA Volume 7

The seventh volume presents the summary tables with-deteluding probabilities, spill modeling,
fire/explosion analysis, and response consideratior each of the 72 modeled spill scenarios. This
volume pulls together everything from HROSRA Volumes 3, 4, 5, and 6.
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well as many years of training in oil spill response. He has been involved wnsespesearch and
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Andrew J. Wolford, PhD (Risknology, Inc.)

Dr. Wolford is founder and President of Risknology, Inc., a company specializirigk analysis of
hazardous facilities. He is an expert risk engineer with 29 years of experience. He duasddiisk
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Technolay, and a ScD from Massachusetts Institute of Technology.
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Hudson River Oil Spill Risk Assessment Overview

The Hudson River Oil Spill Risk AssessmetROSRA) is a comprehensive study of the risks of oil
spills* in (or into) the Hudson River based on the various types of oils thgbapotentially would be)
stored in facilities (e.g., terminals) and transported by tanker, tank Kaieding articulated tank
barges, or ATBs), rail, and pipeline riverossings (for the proposed Pilgrim Pipeline). Inland pipelines
and sections of rail lines that do not intersect with the rivemetlbe evaluated in this study.

Scope of HROSRA
As a risk assessment, the HROSRA addresses both the probability of spitlseacohsequences or
impacts of spills that couldccur Each factor can be analyzed independently, but the determination of

“risk” includes both Figurel).

pill

Probability ;, Consequencgs
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Impact

High
Probability
Medium
Impact
Medium Medium
Probability | Probability
Medium High
Impact Impact
Low Low
Probability | Probability
Medium High
Impact Impact

Consequences (Impacts) >

Figure 1: Basis Risk Matrix

The HROSRA is intended to provide bagbantitativeand qualitative informationon oil spill risk that

can be used for a variety of purposes, including, but not limited to:

X X X X X X

! The general principles of spill risk analysis are outlined in Etkin ebalfl 2and Etkin 2015.
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Assessing the efficacy of existingilé preventionmeasures;
Developing or evaluating the potential for new spill prédenmeasures;
Assessing the current state of spponse preparedness
Developing or evaluating the potential for new spill response preparednessasgasu
Assessing current spill contingency planning; and
Developing new spill contingency planning mees.




The study is also intended to provide a measure of the degree to which tdwcata@nd socioeconomic
resources of the Hudson River might be affected by oil spills and théndikdl of that occurring. That
supports the need to consider the mitmabf spills through prevention, preparedness, and response.

Technical Approach to Spill Probability Analysis

The analysis to determine the padbility of spill incidentsinvolved technical approaches used in a
number of recent studies conducted by tremteand others to determine the relative frequencies of
incidents of different typeslhe analyses included both estimating the probability of spill incidents and
the distribution of potential spill volumes in the event of al.spiie probabilities were calculated on the
basis of frequency per year and based on circumstances that could lead to suiliagdjegithe transport

of ail by rail, vessel, or pipeline, and the presenceilb$toragefacilities. For example, he results are
provided as the number spills per year per vessel transport. This allows for projectiofstafe spill
rates based on changes in vessel traffic.

The analysis of the probability of spills, and potential volumes ofagg]l from rails wre based on a
crude-byrail risk modé (CBR-SpillRISK) developed by ERC for several environmental impact
statements (EISs) for rail terminals in Washington Statee model incorporates the probability of a rail
accident, the probability that a rail accident will result in derailmedtoadamage of tank cars, and the
numbers of cars (and thus spill volume) involv€@BR-SpillRISK takes into account changes in rail
operations that may decrease or increase the likelihood of CBR spills.

For vessel spills (tankers, tank barges, ATBs), the pilityaand volumes of spillage evebe based on a
number of studies conducted on other waterways (e.g., the Puget Sound, Colurahid/&mweouver,
BC, Cook Inlet, Alaska). The analysis includes:

x Evaluating the likelihood of accidents (groundings, collisjcallisions) based on vessel traffic
(vessel numbers and types), and navigational hazards and conditions (basedewn ofvi
previous accidents in the Hudson River and analogous waterways);

x Calculating the potential outflow based on vessel type and size; and

x Determining the worstase discharge based on vessel types and size.

The analyses of pipeline spill probabilities and volumes (at rivessorgs) ere based on previously
applied methodologies in studies conducted by ERC, including environmentaitistatementsAgain,
the analyse involvad examining both the probability of occurrence and the spill volume involved.

Technical Approach to Spill Modeling

Worstcase discharge volumes, as well as some smaller volumes, were used in ¢fiagmufdthe
trajectory (path), fate (behavior and distribution in the environmemd),eaposure above thresholds for
potential environmental and socioeconomic effects of spills of fivestyf oils:

X Bakken crude oil;
x Diluted bitumen (tar sands oil);

2 Etkin 2016a, 2016b, 2017a, 2017b.
3 Etkin 2014; Etkin et al. 2017; Etkin 2017b.
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X Home heating oi{similar to diesel fuel);
X Heavy fuel oil; and
x Gasoline.

A number of locations were selected for the modeling of hypothetical wasstscenarios under different
conditions. In each case, the environmental conditions (currents, windsthatcresult inthe worst
potential outcome, with respect to the spread of the water and shaefiosure were identified. The
potential exposure of shoreline and river habitats and organismsafotlod five very different oil types
were evaluated.

RPS'’s oil spill nodeling system, SIMAPwasused to determine transport and weathering of oil released
in the project region of interest. SIMAP uses site specifidwitce, and current data, and statéhe-art
threedimensionaltransport and oil weathering algorithms its physical fates modelF{gure 2) to
guantify areas swept by floating surface oil of varying thicknesses, fatepacehtrations of subsurface
oil components (dissolved and particulate), areas of shoreline exposed to vdegrees, and
areas/volumes where biological effects migbtur for habitats and wildlife.
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Figure 2: Flow Diagram of SIMAP 3 -D oil Fate and Exposure Model Components/Inputs.

SIMAP is a threadimensional Lagrangiemodel and each component of the spilled oil is represented by
an ensemble of independent mathematical (Lagrangian) Eleorestsllets” Each spillet is a subet of

the total mass spilled and is transported by both currents and surface Wtindadious response actions
can be modelehcluding mechanical removal activities.

* French McCay 2009.
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Processes simulated in the SIMAP physical fates model include oil spreadingafgnaal and by
shearing), evaporation, transport, vertical and horizontal dispersion, emtitsifieantrainment (natural
and facilitated by dispersant), dissolution, volatilization of dissolved hydrogarfrom the surface
water, adherence of oil droplets to suspended sediments, adsorption of soldidearinghsoluble
hydrocarbons to suspesll sediments, sedimentation, and degradafiaguie 3). SIMAP is unique in
that it not only models particulate oil concentrations at the surfacinahe water column, but it also
accounts for the dissolved cooments of oil. SIMAP calculates the particulate and dissolvedaber
concentrations and tracks the subsurface contamination over time.
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Figure 3: Open Water Oil Fate and Behavior Processes Simulated in SIMAP

Resuspension
Diffusion

Selected Hypothetical Oil Spill Scenarios for HROSRA

Therewere a total of 12 hypothetical oil spill scenar@gth each scenario being a locatioih type
combination. Note thateveralscenarios are based on wesase discharges, which are highly unlikely
for a variety ofreasons. (For example, a soft grounding would be unlikely to causddhseref a large
amount of oil.) Probabilities of these incidemtsreanalyzed, as presentedHROSRA Volume2.

Each scenario of a specific volume of a specific type of oil at eifgpication was modeled in six
different wayswith releases timed at both high and low tintethree seasons:

x Spring (high flow);

® Tide at the specific spill location.
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x  Summer lpow flow); and
X Winter (medium flow with ice).

Three of the spring scenarios were specifically modeled assunstgrra. In addition for five of the
scenarios, a fire/explosion scenario was modeled. For those scenaiepillfiwere modeled without
ignition and with ignition. The scenarios are summarizetlablel1 (presented from north teouth) The
scenarios are described in greater detail thereafter.

Note that all of these scenarios drgpothetical i.e., they have not actually occurred. There is no
expectation that these spills are even likely to occur, though it is podsblthdg might occur at some
point in the future. It is important to keep in mind that these hypotheticahisos were selected to
illustrate the trajectory, fate, and effects of representative spillsradenf which are woratase discharge
events that are highly unlikely to occur. If a spill were to occur, theifgpeacumstances of the
scenarielocation, timing, and environmental conditions would all affect the outcomelditian, there
would be response measures implemented that would mitigate tbis ébfgarying degrees.

Table 1: HROSRA Hypothetical Spill Scenarios
. Latitude . 6 : Fire/
Location Longitude Spill Source Volume Oil Type Season Explosion
Spring: high flow
Port of 42.61673 | Tanker loading 155,000 Bakken -
. bbl Summer: low flow Yes
Albany -73.76020 | accident at dock WCD Crude _ : .
( ) Winter: medium flow/ice
Spring: high flow
| 4235119 | lanker 25,000 | Home :
Coxsackie collision/allision Heating | Summer: low flow No
-73.78982 : bbl .
accident Oil Winter: medium flav/ice
Spring:high flow
Articulated tank HO”?e pring .g
; Heating | Summer: low flow No
Proposed barge (ATB)IN | 150000 | ol : - :
e 41.93017 | collisiorvallision bbl Winter: medium flowice
prctorage | 795100 | WOAORET | (CD) | gy |SPING Hgh fow
. Summer: low flow No
anchorage Bitumen : . _
Winter: medium flow/ice
Spring: high flow
Off Tank barge 75,421 Bakken Summer- low flow Yes
Rondout collision bbl Crude - L -
Creek 41.91833 Winter: medium flow/ice
(Based on -73.96333 c | 14,000 y Spring: high flow
ACP argo vesse , eavy .
R collision bbl | FuelOil | Summer: low flow No
Winter: medium flow/ice
41.51523 11.000 Spring: high flow
Newburgh -74.00694 | CBR train ' Bakken .
Waterfront 41.50517 | accident V\?gID Crude ngmer. IOV_V flow - ves
-74.00572 ( ) Winter: medium flow/ice

® Note that worstase discharge (WCD) volumes for tank barges and tankers aredmasédoutflow modeling
with doublehulled tank vessels, as described in HROSRA Volume 2. AMPD = averagfepnobable discharge;
MMPD = maximum most probable discharge based on US Coast Guard classi$i¢de HROSRA Volume 2).
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Table 1: HROSRA Hypothetical Spill Scenarios

Location le)arfgittjgge Spill Source Volume® | Oil Type Season Exlr:J:gi,/ion
Bear Tanker collision 2,500 Home | SPring: high flow
. 41.32198 ; : -
Mountain 73.98311 Wl_th vessel near bbl Hea_tlng Summer: low flow No
Bridge ' bridge (MMPD) Oil Winter: medium flow/ice
41.31363 11.000 Spring: high flow
-73.98598 | CBR train ' Bakken .
N ISl 41.30628 | accident V\?CbIID Crude Su-mmer. IOV_V flow - Yes
-73.98100 ( ) Winter: medium flow/ice
o Spring: high flow/storm
Tappan 41.07195 Tz_;mker_ allision 2,500 Hon_1e :
with bridge bbl Heating | Summer: low flow No
Zee -73.88333 b MMPD oil
abument ( ) ! Winter: medium flow/ice
Qi Spring: high flow/storm
LETTREIT 41.07195 v-rv?trrlmkl;arri(;JI “(Iasmn 50 bb| Heavy Summe: low flow No
Zee 7388333 | o o) (AMPD) | Fuel Ol | 2UmMe: oW :
abutment Winter: medium flow/ice
i Qi Spring: high flow/storm
Yonkers 4097341 C_oII|S|0n/aII|5|0n 155,000 _ .
with tanker at bbl Gasoline | Summer: low flow Yes
Anchorage | -73.90003 h WCD _ : .
anchorage ( ) Winter: medium flow/ice

Port of Albany Scenario
The scenario at the Port of Albany would involve a fully-loaded tanker ataljepulling away from the
dock during transfer operations and spilling 155,000 bbl of Bakken crude.c€har®was evaluated

with and without a fire/explosiofhe fireexplosion scenario would be similar to the one that occurred
with the Tanker Jupiter in Bay City, Michigan in 19%dgure4). The location is: 42.616732, -73.760203

(Figure4).

Figure 4: Tanker Jupiter Incident (1990)
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Figure 5: Port of Albany Spill Scenario Location

Coxsackie Scenario
A spill from a grounding or collision of a tanker or tank barge off Coxeagsbuld potentially expose

Vosburgh Swamwildlife Management Area and other wetlardsoil. This scenario might result in the
worstcase consequences with respect to environmental impacts. The scenarionwaluks Spillage of
25,000 bbl of home heating oil. The locatien42.351193, -73.78982Figure6).

Figure 6: Coxsackie Spill Scenarios Location
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Proposed Kingston Anchorage Scenarios

The first set ofwo scenarios includes the releaseved types of oil (home heatingl®r diluted bitumen)
from the largest tank barge that might hypothetically be anchored ptapesedKingston Flats South
Anchoragé due to a collision or allision accident causing the release of the entire loagmestimated

to be 150,000 barrel®bl) or 6.3 million gallons. This is based on the capacity of RTC 150. Th#icpec
location &: 41.93107 -7395700 Figure7). This is thesouhwest corner of thgroposed anchoragst
Kingston Flats South. In the hypothetisakenarica vessel collides witan anchored tank barge.

KINGSTON FLATS SOUTH
2l
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1 | B

-

1.41-56.79N 073-57.24W iy " o

2. 41-56.78N 073-56.85W F- = 0
3.41-5581N 073-56.95W b F"! Cova
4.41-55.81N 073-57.42W 7 'FJ y ‘ o
1: il ;' - © .
Conditions :. igie lf o : 1
- ; "" v "
Approximate Area | 279 Acres ."\L\ o~ )
1.133 km2 s Wog A o
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Draft <22 ud
S P " § .f(
Stay Long Term ( 2 \\ .= "=
»
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Capacity 2-1B00’ circles pap—
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Figure KHL.2: KINGSTON FLATS SOUTH

Figure 7: Kingston Flats South

Rondout Two- Vessel Accident Scenarios (ACP Scenario) ®

This scenario is based on the waratedischarge scenario described in the 2016 Nerk¥ew Jersey
Area Contingency Plan (ACP). It involves the collision of a tank barge loaifledBakken crude and a
cargo vessel resulting in the spillage of 75,421 bbl of Bakken crude and 14,000 bbl of heauynkael oi
Rondout Creek (41.91833, -73.9633Biglre8).

Figure 8: Rondout Two -Vessel Accident (ACP Scenario) Location

" Note: The location of this hypothetical spill scenario Wwased on the proposed location for an anchorage near
Kingston. This anchorage has not been approved or officially implethente
8 USCG 2016.
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The scenario in the ACP is described as occurring during a winter storm. In theRAR@his scenario
was modeled as underinter conditions, spring conditions, and summer conditions. In additien, th
Bakken crude release was also modeled as a fire/explosion scenario.

Newburgh Waterfront CBR Train Accident Scenarios

A hypothetical scenario of a train accident in Newburgh would provide the oppgrtorstmulate not
only the impact of oil into the Hudson, but also the effect of a potenteeXiplosion situation in a
populated aredThe likely worstcase discharge volume would be 11,000dftBakken crudébased on
current proposed definitions from PHMSA). The scenario would include arf@draexplosion. (The
spill would be modeled without the fire/explosion). The effects of a potdirgéexplosion would be
evaluated separatelifhe location is from: 41.51523074.00686 to 41.505170-74.005719. This is
about a 0.#mile length of trackFigure9).

J'.‘i .
.. 4 L o v®

Figure 9: Newburgh Train Accident Scenario Location

Bear Mountain Bridge Tanker Collision Scenarios

This scenario wouldnivolve a hypothetical collision between two vessels just above the Bear Mountain
Bridge, which is a difficult area to navigate especially if thetariged visibility with fog. This scenario
would involve a fully-loaded tanker (the largest of which holds 310,000 bbl) releasing 155|¢@dibb

would be the largest outflow likely with a double hull) of home heating oil. Sgeific location is:
41.321980-73.983113 Figure10).

% Since the stated purpose of the HROSRA is to determine risk of gpilhe river and not necessarily the risk t
communities from crudey-rail (CBR) transport, two CBR scenarios (Newburgh and |stentl) were selected
based on the likelihood of oil spillage into the river. To address additionatrr@nabout effects on communities
through which CBR traffic wouldo, the Newburgh scenario was included. A more comprehensive st@BRof
accidents is required to determine the risk of CBR overall.
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=Fort Montgomery

Bear Mountain

Figure 10 : Bear Mountain Bridge Scenario Location

lona Island CBR Train Accident Scenario s

This scenario involves a derailment of a fdihaded unit train at lona Island, just south of the Bear
Mountain Bridge at the ovawater trestle crossing of the rails. The likely warase discharge volume
here would be 11,000 bbl (based on the current proposed definitions from PHMSA) of BaklerTte
scenario wouldalsoinclude a fire and/or explosion. The specific looatis: 41.31362,7-73.985983 to
41.306284-73.981000. Thistretch compriseabout a half mile of track{gure 1J.

Figure 11 : lona Island Spill Scenario Location
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Tappan Zee Allision Scenarios

In this hypothetical scenarionallision of a tankeor tank barge at one of the bridge structuré&gipan
Ze€e'”’ would cause a release ?f500 bbl of home heating oil. The location is: 41.071948.883325
(Figure12). A second scenario at this location woulgldlve the release of 50 bbl of heavy fuel oil (the
fuel on a tanker or cargo vessel).

f ﬁBI’Idi‘_j{"@_‘?—

Lyndhurst Mansion @+

Figure 12 : Tappan Zee Allision SpiII Scenario Location

Extended Yonkers Anchorage Scenario s

A collision or allision of a tanker at the proposédnkers Anchorage Extension could caus&/@D
release of 155,000 bbl gasolire. The locatia is: 40.973411-73.900028 Kigure 13). A fire/explosion
for the scenario will also be modeled for this location.

0«Tappan Zee” includes the existing Tappan Zee Bridge and the new Mario Cuome Bnitdiey construction.
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Figure 13: Yonkers Anchorage Spill Scenario Location

Technical Approach to Fire and Explosion Analysis
For selectedspill scenariogTablel), fire and explosion potential was also analyzed:

Newburgh Waterfront CBR accident (Bakken crude);

Port of Albany tanker accident at dock (Bakken crude);

lona Island CBR accident (Bakken crude);

Rondout Creek (ACP Scenario) tank barge accident (Bakken crude); and
Yonkers Anchorage tanker accident (gasoline).

X X X X X

The fire/expbsion scenariosvere modeled under the seasonal conditions that would cause the greatest
impact.For these scenarios, it was assumed that most, if not all, of thel spilleould be consumed in

the fire and/or explosions. The fate of oil not burned watsseparately analyzed particular spill in

which there was an ignition would also have some impacts from angamsumed oil as well, though

the volume that would affect the water surface, water column, and iskovebuld be significantly
reduced. Each of the scenarios also was modeled assuming no igrigdmpacts of the neconsumed

oil (outside of the effects of burning) would be a lesser version of tireesgnition scenarios.

A liquid hydrocarbon spill leads to the pooling and flow of liquid onto a land or watiaxce. Flammable
gas mixtures vaporize from the surface of the pool governed by numerous ppy@iesises as shown in
Figure 14. The vapor cloud formed above the liquid could ignite immediately or drit disperse
downwind and ignite at a distant location. If ignition occurs early, the vapting pool surface burn. The
radiant heat from this type of fire can be felt far from the fire itself, anfirthaiill burn until all the fuel
is consumed, or fi& response extinguishes the fire. The effects of a fire can be injuries artik$atdli
people, as well as property damage.
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Figure 14 : Hydrocarbon Evaporation Processes

If the vapors do not ignite immediately, the vapor cloud will drift and déspdownwind decreasing in
concentration as the vapors mix with air. When the vapor to oxygen satieasges from its initial rich
concentration to within the flammability range, it can ignite. Ignitbra flammable vapor cloud in an
open space leads to a flash fire, with impacts to people and structures insideglathy tsdiyond its
volume. However, if the flammable vapor cloud ignites within an area thathiscbofined (walls, floor,
ceilings, decks) and congested (objects dgnselcupying volume; such as cars, trees, industrial
equipment) then a vapor cloud explosion can occur. Depending on the combination of fuelpaorifine
and congestion, the combustion could either be subsonic, (deflagration) ororigédgtonation). A
vapor cloud explosion, like a fire, can lead to effects on people and property. If thsi@expbccurs
proximate to additional stored flammable materials, this can lead taa#scalthe situation wherein
additional fuel is additive to the initial releaseentory.

The timing and location of the ignition determines the physical effecttrey from the hydrocarbon
vapors, and includes these types of hazards:

x Pool Fire: a fire that burns from a pool of vaporizing fuel. The primary concern assbgiite
pool fires is hazards associated with increased temperatures from theratadmgtieat).

x Vapor Cloud Fire (Flash Fire): a rapidly moving flame front characterized by combustion.
Flash fires occur in an environment where fuel and air becomedrm adguate concentrations
to combust.

x Vapor Cloud Explosion: avapor cloud explosion is the result of a flammable material that is
released into the atmosphere, at which point the resulting vapor cloud edighiite primary
concern from a vapor cloud explosis overpressure (pressure caused by a shockwave).

The probability of these types of events and the potential area thiat beaffected were analyzed.

Technical Approach to Spill Mitigation Analysis
The patterns of shoreline oiling, and spread and behavior of the oil derived fr@&@iVA® modeling
were evaluated to determine the type of cleanup response operations that wegldred. This includes
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the potential for submerged or sinking oil, as well as the potential for firexglosion events assated
with more volatile petroleum productBhe issue of river current velocity and its potential impact on the
efficacy of containment booms were evaluated. Challenges of spill responsg idericonditions were
also evaluated.

In addition, an evaluain of the response preparedness for these \wasst discharge scenariagss
evaluated based amrrent response capabilities. The activation of geographic response strat&pe} (G
for the different scenarios was evaluated.

Recommendations for enhanced response capabilities, as a means of mitigatisly i spills were
evaluated.
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Hudson River Overview

In this report, the term “Hudson River” is generally used to denotéf@autical mile stretch of the
Hudson River north of the confluence of theugten Duyvil/Harlem River Creek, excluding the part of
the Hudson River that runs alongside Manhattan Island south through the New afbde End out to
the New York Bight. The northern extent of this definition is the Troy LocKudkrg the sectionsfahe
Hudson River that flow from the river's source at Lake Tear of the Clauitie{Troy LocksKigurel5).

Figure 15 : Hudson River Section for Report

Tidal and Current Conditions

The Hudson River (up to Troy Lock) is actually a tidal estuihe 2016New York and New Jersey Area
Contingency Plamescribes théludson River aa unique estuary in that geologically, itéshnically a
fijord.” [Throughout this report, the term “HudsBiver” is used to denote the Hudson River Estudty.]
has a full tidal cycle through much of its course. The ttiahnel of the Hudson River extends from New
York City 155 miles north té\lbany, then on to Troy, New York. Above Albany, water movemsnt i
controlledby the Federal locks at Tro¥he overall mean tidal range is about 3.84 fEietal terminology

is explained irFigurel6and Figurel?. Tidal information for the Hudson River is showTable2.
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Figure 16 : Tidal Cycles

Hhttps://noaanhc.wordpress.com/2016/01/294iphabetsoupof-verticakdatumswhy-mhhwis-mmmmmm-
good/
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Figure 17 : Tidal Range Definitions
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Table 2: Tidal Information for Hudson River

Mean Water Level (ft)*®

Tidal Station HA?S? High Low e

East 27th St., Bellevue Hospital 4.7 4.4 0.2 4.2

Governors Island, New York Harbor 4.9 4.6 0.2 4.4

Hssgtgé’;\ Wallabout Bay, Brooklyn Navy Yard 4.8 45 0.2 4.3
Study Area®* East 41st Street Pier, East River 4.9 45 0.2 4.3
New York (The Battery) 5.1 4.7 0.2 4.5

Weehawken, Union City 4.9 4.6 0.2 4.4

Spuyten Duyvil Creek Entrance, Harlem River 4.3 4.0 0.2 3.8

Haverstraw, Hudson River 3.7 3.4 0.2 3.2

Peekskill, Hudson River 3.5 3.3 0.4 2.9

Newburgh, Hudson River 3.1 29 0.1 2.8

H\gggrll?A New Hamburg, Hudson River 3.3 3.0 0.1 2.9
Study Area’® Poughkeepsie, Hudson River 35 3.3 0.2 3.1
Kingston, Hudson River 4.2 3.9 0.2 3.7

Tivoli, Hudson River 4.2 3.9 0.2 3.7

Castleton, Hudson River -- 4.4 0.1 4.3

Albany, Hudson River 55 5.1 0.2 4.9

https://noaanhc.wordpress.com/2016/01/294imnabetsoupof-verticakdatumswhy-mhhwis-mmm-mmn:

good/

13 SeeFigure16 and Figurel?

Y Figure18
5 Figure19
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Figure 19: Tidal Stations within HROSRA Study Area
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Tides affect river ship traffiavith respect to bridge air clearandée bridge height at mean high water
(MHW) is 134 feet. At normal water levels, 132 feet of air draft gives themaim vertical clearance of
2 feet at any stage of tide, which is required to pass under all bridges dndson Rivet®

In the Upper Hudson, the maximum draft is 30 feet of water (FW). Vesan#sting the Upper Hudson
with drafts of 27 to 30 feet must be set up for the correct stage o$iting tide. Only daylight transits are
allowed north of Kingstorin the Lower Hdson (south of Kingston), the maximum draft is 33 feet (FW).
Vessels transiting the Lower Hudson with drafts of 31 to 33 feet must be set up fordoe stage of the
rising tide. Vessels with a drait 31 feet or less may transit the Lower River at tame.

The speed of the currents and direcimgermane to this study is ttaffect the way in which oinoves

on the water surface (and beneath the water surface) in the event of aGpilent speed in the Hudson
River varies throughout the day catbetween days, by location, by tide, and water depth (generally
decreasing with depth at the same locat{@aple3 andFigure20). Average current speed in thHeidson
River™® varies from aboud.4 kts b as much asearly 3.0kts."® Current speed also affects the efficacy of
protection and containment booming operations. Booms rapidly begin to losefteetiveness at 0.7
kts. Oil begins to entrain (go under) booms regardless of skirt depth at bighemt speeds.

Table 3: Current Velocity Measurements on Hudson River %
_ _ _ Current Velocity (kts) **
Location Latitude Longitude :
Average | % > 0.7 kts | Maximum

George Washington Bridge 40.848550 -73.950317 1.1 59.5% 2.97
Tappan Zee 41.067433 -73.881533 0.7 45.0% 2.15
Haverstraw 41.209167 -73.951333 0.7 47.4% 1.87
Stony Point 41.241583 -73.966683 0.8 56.3% 1.78
Bear Mountain Bridge 41.315917 -73.983850 0.7 40.2% 1.59
BeaconNewburgh Bridge 41.516583 -73.991683 0.7 52.8% 1.33
Rosetm 41.562467 -73.970533 0.8 61.9% 1.56
Mid -Hudson Suspension Bridge 41.701667 -73.945850 1.0 70.0% 1.84
Kingston Point 41.918267 -73.959500 1.0 74.4% 1.58
Kingston-Rhinecliff Bridge 41.977383 -73.952267 0.7 52.6% 1.27
Silver Point 41.138183 -73.908517 0.9 67.8% 1.49
Hudson 42.247883 -73.818600 1.0 76.0% 1.58
Coxsackie 42.351267 -73.789883 11 75.1% 1.61
Houghtaling Island 42.422417 -73.780067 0.8 64.9% 1.32
Castletonron-Hudson Bridge 42.504433 -73.777383 0.7 41.8% 1.14
Port of Albany 42.623100 -73.755600 0.5 5.2% 0.74
Troy (Below Locks) 42.734050 -73.690783 0.9 78.2% 1.15

18 http://www.hudsonriverpilots.com/shipansitinformation.hinl

" River hydrodynamicsareincorporated into SIMAP modelingsdiscussed in greet detail later in this report.
18 https://tidesandcurrents.noaa.gov/currents12/tab2ac4.html

19281 mph or 1.255 m/s

2 hitps://tidesandcurrents.noaa.gov/cdata/StationList?type=Cubrata&filter=historic&pid=15

2L Near surface or as close to surface as uppermost measurements taken in each locatio
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Figure 20 : Percent Time Surface Currents Exceed Boom Capacity

Troy Federal Lock and Dam

The Hudson River is tidal as far north as the Troy Federal Lock and Dam. fioadalicontrolling water
flow and marking the end of the tidal reach in the river, the Troy Fedechldrmd Dam Figure21) also
has significance with respect to jurisdiction in the event of an oihpardous rmaterial spill. In the event
of a spill, the Environmental Protection Agency (EPA) is the-daesignated FederaDn-Scene
Coordinator (FOSC) above the Troy Lock (although the US Coast Guard recogsigdisin the upper
Hudson or Mohawk River could floalbownstream to or over tHecks). South of the Troy Lock, the US
Coast Guard is the paesignated FOSC.

The Troy Lock also restricts the bulk movement of oistaall barges north of the lock. Tankships and
tank barges travel as far north as Albany, kankl breakbulKreight ships, which can carry substantial
amounts of bunker oil in bottotanks, also call on the port regularly. Two Albany oil terminals, Global
and Buckeye, are the origin points for Bakken Crude shipments southward daweithe
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22

Figure 21 : Troy Federal Lock and Dam

Bathymetry and River Bottom Morphology

The bathymetr{? and morphology of the Hudson River bottom is complex and varies from one part of the
river to another. In 1998, the New York State Departn@nEnvironmental Conservation began an
extensive project to map the submerged lands of the esfuBome examples of the types of bottom
substrateaind sediment classificatioase shown irFigure22 throughFigure 23%°

../l Channel deposits - sediment waves
73 Channel deposits - sediment waves, little relief
EZE Channel deposits - coarse

iF71Channel deposits - sand

[E=Margin tributary - coarse
[ Margin deposit - sediment waves
4 | @EmMargin deposit - fine

{ | mmMargin flats - submerged aquatic vegetation
‘ @ Bridge ribbons
L Sediment tails

, Newburgh

Bay

y 1 2 3 Miles

Figure 22 : Submerged Lands of Newburgh Bay

22 photo: US Army Corps of Engineers

Z\Water depth from the surface to the bottom.

24 add et al. 2002. (See aldutp://www.dec.ny.gov/imsmaps/benthic/viewer.Htm
% All figures from Ladd et al. 2002.
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4 miles

Debiris field Mardin tributary - sand
Dredged channel Margin - coarse
Channel - sediment waves Margin - sand
Channel - sand I Margin - fine
[

Margin tributary - coarse Marginal flats - SAV

Sediment Classification i
Tappan Zee e

I Depositing eastside mud drape
[ Eroding channel floor

[ Moorings and anchor drag marks
B Thin mud drape e
Bl Eroded reef and downstream waves?gs,.
[ Buried oyster reefs 5
[] Westside erosional remanent relief
Westside mud waves
Westside eroded strata

Figure 24 : Submerged Lands of Tappan Zee

Water depth is also aoncern for shippingThe shipping channel in the Hudson River is generally deep
and the bottoms soft. The shipping channel is generally maintained to a minimum depth of 9 to 11
meters (29.5 to 36 feet), though there are many deeper parts of th& miveleeper parts of the river are
generally about 50 meters (164 feet) deep. At World’'s End in the Hudson Highlaar Garrison on the
eastern shore and West Point on the western shore, the depth reaches 66 rGdesy @gure 26.
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I Cable crossing E==Dredged channel
[ 1 Debris field E==Margin tributary - coarse
B Channel - sediment waves llMarginal flats - SAV
Channel - coarse

Figure 25 : Submerged Lands North from Kington

Chart grd I':‘m:m_sd ut wduond scale - Sew &_!uw on page 5.
lines are abgned '
‘with true norh. e

Figure 26 : Hudson River Nautical Chart with World’s End and Con Hook Rock 2

Yaras
..... —

% From NOAA Booklet Chart Hudson Riveew York to Wappinger Creek (NOAA Chart 12343). World's End
(greatest depth on Hudson River) shown in red circle and Con Hook Rochk shgreen cicle.
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There are, however, several areas of rock bottom which can posara teashipping.One historical
grounding location Con Hook Rock, which is south of West P&igufe 2¢, where the tank barge Ethel
H. (1) spilled 10,000 bbl oNo. 6 fuel oil. Another location is Diamond Rg&figure 27 which has a
history ofgroundingsFor example, idanuary 1983thetank barge McAllister 80 grounded on Diamond
Reef causing a minor spithnd in October 199nk barge Hygrade 42 grounded on Diamond Reef and
spilled 3,900 bbl okerosene.

T -. T, - Joins page 12[1T
) . . ] X |
gt T 1 {’_ 7

35 4

s S

Figure 27 : Hudson River Nautical Chart with Diamond Reef %’

Salinity
The Hudson River is a partially mixed estuary, which means that a disixiogmnoccurs between the

ocean and freshwater, leading to a layer structure. Higher salinity water &irobgrlower salinity water
over a broad stretch of mixing between the river and the ocean.

There are four ainity zones: polyhaline (18530 g/kg or ppt®), mesohaline (518 g/kg or pp),
oligohaline (0.35 g/kg or ppd,*® and limnetic (<0.3y/kg or ppd. The location of these zones varies

2" From NOAA Booklet Chart Hudson RiveWappinger Creek to Hudson (NOAA Chart 12347). Diamond Reef is
shown in red circle.
% parts per thousand.
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seasonally awell as daily dependingn tidal and freshwater inputnd weatherThere is also variation
in salinity at different water depths and locations even at the same riigeraswater circulation can
affect the distribution of salt in the water.

The leading edge of seawater, or the “salt ffdhialso varies over the seasdfgure 28). In the late
1990s, he salt front generally vadefrom Hastingson-Hudson (River Mile 21.5) to New Hamburg
(River Mile 67.7)** Currently, the maximum salt front is approximately at Poughkeepaier(Rlile 73)
(Figure 29.

Maximum Daily Location of v
; ; (=
Salt Front in Hudson River sclence for a changing workd
1992 - 2012
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Figure 28 : Maximum Daily Location of Salt Front in Hudson River (1992 -2012)*

The salt front and salinity levels are important in that they affectigiebditions of species of fish and
other organisms at different times of the year. Salinity also affects the wayidh oil behaves after a
spill. Oil generally floats because it is lighter than water. Saltwateore dense than fresh water. While
very light oils will float on both seawater and freshwater (and éstuarater with intermediate salinity),
heavier oils are somewhat more likely to become submerged in freshwalessosaline water in
estuaries.

2 Roughly, Stony Point to Poughkeepsie.

%0 galt front is defined as 250 mgl/liter of chloride (or 0.25 g/kg)

3L de Vries and Weiss. 2001.

32 Source: US Geological Survelyt(ps://ny.water.usgs.gov/projects/dialer_plots/saltfronthtml
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Figure 29 : Hudson River Salt Front at High -Slack Tide *

Hudson River Watershed
The Hudson River watershed covers 13,400 square (Rilgsre 30). There aranore than 6%ributaries
bringing freshwater into the Hudson, the largest of which is the Mohawk, Ritxech enters the Hudson

less than a third of a mile north of the Troy Lock.

¥ Source: US Geological Survelyt(ps://ny.water.usgs.gov/projects/dialer _plots/saltfronthtml
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Figure 30 : Hudson River Watershed

Water Temperature

The water temperature in the Hudson River varies throughout the year, vaoimaalbout 32°F in
January to a high of 78°F in August at AlbaRig(re 31). Temperatures further south on the river would
tend to be somewhat higher.

The temperatures in the Hudson River appear to be rising due to climate changdeasedvby an
analysis conducted on water temperatures takdred®oughkeepsie Watéreatment Facilityduring the

years 1945 and 2018 According to the researchers, many of the warmest years in the record occurred in
the last 16 years. A seasonal analysis of trends indicated significantngaionithe months of April
through August. They concluded that the warming of the Hudson is primarilgdem@tincreasing air
temperature, anthat increasing freshwater discharge into the estuary has not mitigated thegvatlend
(Figure 32.

34 Source: NY DEC 2015.
% Seekell and Pace 2011.
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Figure 31 : Water Temperature in Hudson River at Albany
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Figure 32 : Hudson River Annual Mean Summer Temperatures (Poughkeepsie) 3

Fog

Fog is a common occurrence in the Hudson River Valley particularly withiw &dars prior tasunrise.
Generally, the fog clears up within a few hours after surifiSéae Hudson River Valley has specific
conditions that promote the formation of widespread “radiatiori fbigis type of fog forms overnight as
the air near the ground cools. When the cooling causes the air to reaatisatiog will form. Radiation
fog is particularly difficult to predict?

% Source: US Geological Survelyt(ps://nwis.waterdata.usgs.ggv/
37 Seekel and Pace 2011.

3 Cushing 2016.

% Fitzjarrald and Lala 1989.
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Fog events occur most frequently during the warm season monthdifMagh October) and are tied to
radiational cooling effectsf moistureladen air over the water to below the dew pdihFog events may
also occur in the later fall and winter, when they may last all day. Tleesistent fog events tend to be
thickerup to as much as 150 feet. Patchy fogs occur when the thickness is lessfé®tn 60

Fog poses a navigational hazard due to limited or significastlyced visibility. There may be errors in
navigation leading to groundings and collisions. During periods ofdlaged visibility issues, vessels
must proceed at a reduced rate @despand sound appropriate sigrbbdls and gongs, if anchored, and
fog horns if underway.

In the 2015 Hudson River US Coast Guard Waterways Analysis and Management @yaiéi®),*" it
was noted that, Waterway users almost unanimously agreed that theidegand snow continue to
complicate navigation in the winter months.”

Ice Conditions

Ice season on the Hudson River generally runs from about 12 December throughcBl bdawaries
somewhat each year. The USCG reported it to be “over” as of 10 Mar¢hd@fag the last winter. Ice is
of concern because it hinders vessel transits. In addition, aidsvigatien may be covered and/or
unreliable in areas impacted by ids example of a vessel stuck in ice in the Hudson River is slirown
Figure33.

Figure 33 : Tug Brooklyn Stuck in Ice at Saugerties, NY, on 2 January 2018

%
42

Areas of the Hudson River north of Spuyten Duyvil that are considered to beelprabkas” with
respect to ice are identified &s:

40

Lee 2015.
*1YSCG performs a WAMS for the Hudson River every five years, and wheeyeestablish a federal anchorage.
“2photo by USCG Petty Officef®Class Steven Strohmaier (USCG District 1 PADET New York)
(https://www.dvidshub.net/image/4061713/ceaisardresponds/esselshesetice-hudsonriver#)
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Port of Albany to Troy Locks (Albany, NY, to Troy, NY)
World’s End (Hudson Highlands near West Point, NY)
Crum Elbow (near Hyde Park, NY)

Silver Point (near Alsen, NY)

Middle Ground Flats (near Hudson, NY)

X X X X X

Ice conditions vary annually, but, as an example, the conditions on 15 February 2017 werenais sh
Table4 andTable5. For definitions of ice types, see Appendix B.

Table 4: Ice Conditions by Section on Hudson River on 15 February 2017

Location Ice Type Form Thickness Coveragé”

George Washington Bridgd® | None - - -

Tappan Zee to West Point None - - -

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

Table 5: Ice Conditions at Choke Points on Hudson River on 15 February 20 17

Location Ice Type Form Thickness Coverage
West Point Drift Brash 2-5 inches 50%
Crum Elbow Drift Brash 10-12 inches 90%
Hyde Park Anchorage Drift Brash 6-8 inches 90%
Esopus Meadows Drift Brash 2-5 inches 40%
Silver Point Drift Brash 2-5 inches 40%
Hudson Anchorage Drift Brash 2-5 inches 40%
Stuyvesant Anchorage Drift Brash 2-5 inches 30%

Shoreline Types in Hudson River

Different shoreline types are affected in different ways in the event oflapithi To assist in risk
assessments and plamgifor spills, a common scale has been developed by NOAA. The vulnerability or
sensitivity of different shoreline types with respect to oiling has beessiiiéal by Environmental
Sensitivity Index (ESI) classifications, as shownTiable 6. The ESI numbers indicate the relative
sensitivity of different shoreline typesfrom the lowest sensitivity (1) to the highest (10).

Shordine habitats in most parts of the US have been mapped with respect to ESI classfiogatluding
the Hudson River from the tip of Manhattan to Trdhe ESI maps are a compilation of information on

3 Sector New York 2018017 Ice Breaking Season

4 The percentage of water surface covered by ice to the total surface area at a specific location
> All locations south of the George Washington Bridge were likewise open.

“®Locations above Albany to ®y were not observed.
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three main categories: shoreline habitats, sensitive biological resourdesyraaruse resources (e.g.,

water intakes, marinas, beache&s).example of an ESI map for the Hudson River is shovigare34.
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Figure 34 : Example of ESI Map for Hudson River
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ESI shoreline sensitivity is based on an integration of four main factors

X X X X

Shoreline type (substratgrain size, tidal elevation, origin);
Exposure to wave and tidal energy;

Biological productivity and sensitivity; and

Ease of cleanup in the event of an oil spill.

Table 6: Environmental Sensitivity Index (ESI) Classifications

in th

e Hudson River *

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

« Steep intertidal zonsteep
(>30° slope), withvery little
width; solid and composed o
bedrock

» Sediment accumulations
uncommon because waves
andcurrents remove debris
slumped from eroding cliffs
« Strong vertical zonation of
intertidal hological
communites in estuarine
parts of river

« Shorelineregularly exposed

* In lower estuary and outer
coast, oil held offshore by

f waves reflecting off steep, hard

surfacesAny oil deposited
rapidly removed from exposed
faces

* Along river, oil can form band

at high water line

» Most resistant oil would
remain as patchy band at or
abovehigh-water line

* Impacts to intertidal
communities expected to be

e Cleanup usually not
required

* Access can be difficult and
dangerous

Exposle'g Rocky to wave action andtrong shortte_rmin duration
(Figure3s) currents o exception yvhere h_eavy .
» Wave reflection is common| concentrations of light refined
phenomeaonalong outer product comes ashore very
coast quickly
* Species densitgliversity
vary greatly depending on
exposure and salinity, but
bamacles, snails, mussels,
amphipods, and macroalgae
can be abundant
* Present imoreexposed
portions of river south of
Peekskill, typically along
Palisades
« Structures are solid, man | « Oil can be held offshore by | « Cleanup usually not
made structures such as waves reflecting off vertical, required
seawalls, groins, revetments| hard surface in exposed settings* High-pressure water
1B . o . . ;
. | piers, and port facilities * Oil readily adheres to dry, spraying may be conducted
Exposed, Solid M . : .
Man-Made « Many structures are r_ough surfaces at higfide to removepersistent oil in
Structures constructed of concrete, line, but does not adhere to wet crevicesjmprove aesthetics,
(Figure36) wood, or metal substrates and preventlirect contact

« Often no exposed substrate
at low tide, but multiple

habitats indicated if present

» Most resistant oil would
remain as patchy band at or
above hightide line

with oiled surfaces

“" Shoreline types not present in the Hudson River were omitted frotatifee which affects the numbering (some
ESI numbers are not included as these shoreline types are not preserdidson.)

“8 Photos corresponding to ESI type are indicated. (Photos from NOAA EnwrgahSensitivity Index: Hudson
River.)
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

« Built to protect shore from
erosion by wavedyoat
wakes, and currents, and thu
exposed to rapidatural
removal processes

« Attached animals and plant
sparse to moderate

e« Common along in
commercial zones and
urbanized areas iopen bays
south of Peeksk

)

« Scarps composed of
relatively soft, unconsolidate
sediments

« Scarps show evidence of

» Any stranded oil will form
dband along higlwater line.
» Some potential for oil

penetration into any sediment

* In some cases, cleanup n
necessary because of short
oil residence time

* Need for removal of oiled

3B active erosion, and beaches|iraccumulations at base of scarp, sediments should be
Scarps and | front of scarps narrow or but active erosion of carefully evaluateddue to
Steep Slopes in| absent scarp will also erode oil potential for increased
Sand * Present in upper portions of erosion
(Figure37) river; often associatedith » Manual labor and close
eroding midchannel islands supervision should be used
so thatminimal amount of
sediment removed during
cleanup
« Highly variablebeachface | ¢ During small spills oil * Cleanup more difficult
slopes; sediments soft and | deposited primarily as band than for finergrained
permeable with low along highwater line beachesequipment tends tg
trafficability  Under heavy accumulations gilgrind oil into substrate due
« Rate of sediment mobility | may spread across entire to loosely packed and
relatively high, adeachface | intertidal zone, though it will be| permeable nature of coarse
is reworked by boat wakes | lifted off lower part of grainedsediments; special
« Beach fauna vary in type beach during rising tides or care must be exera@dwhile
and density; mobile surface,| water levels irriver using heavy equipment to
burrowing, and interstitial * Penetration up td0 inches prevent mixing oil deeper
forms are typical possible into beach sediment
4 « Very common along river | ¢ Burial of oiled layers by clean| « Use of heavy equipment
Coarse- sand can be rapid for oil/sand removal may
Grained Sand * Organisms living in beach mayalsoresult in export of
Beach be killed by smotheng excessive amounts of sand
(Figure38) or lethal oil concentrations in | where feasible and for

interstitial water

smaller amounts of oail,
manualcleanup desirable
 Vehicular and foot traffic
through oiled areas and
riparianhabitat should be
limited to prevent
contamination of cleaareas
and disturbance of riparian
vegetation

» Removal of sediment
should be limited as much 3
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

possibleto avoid erosion
problems on be&ch in future;
common occurrence of
multiple buried oillayers in
these types of beaches
increases amount of
sediment to be handled and
disposed of

» Moderately sloping kech
composed of mixture of sang

* During small spills, oil will be

deposited along and above

and gravel (gravel componenthigh-tide swash

20to 80% total sediments)

» Because of mixed sedimen
sizes, may be zones of

pure sand, pebbles, or cobbl
» May be largescale changes
in sediment distribution
patterns depending upon
seasonbecause of transport
of sand fraction offshore
during storms

» Because of sediment

* Large spills will spread across
t entire intertidal area

* Oil penetration into beach

esediments may be up 20
inches however, sand fraction

quite mobile, and oil
behavior is muclike on sand
beach if sand fraction
exceeds about 40

* Burial of oil may be deep at
and abovehighttide line,

» Heavy accumulations of
pooled oil should be
removedquickly from upper
beachface

* All oiled debris should be
removel

» Sediment removal should
be limited as much as
possible

* Low-pressure flushing ma
be used to float oil away
from sediments for recovery
by skimmers or sorbents.
High pressurespraying

5 desiccation and mobility on | where oil tends to persist, should be avoided due to
Mixed Sand | exposedeaches, low particularly where beaches potential for transporting
and Gravel densities of attached animals only intermittently exposed to | contaminated fier

Beach andplants reworking by waves sedimentgsand) to lower
(Figure39) « Very common alongiver, | ¢ In sheltered pockets on beach,intertidal or subtidal zones
particularly near gravel or pavenents of asphalted » Mechanical reworking of
exposed bedrock shores sediments can form if no oiled sediments from high
removal of heavy oil tide zone to upper intertidal
accumulations zone may be effective in
* Once formed, asphalt areagegularly exposed to
pavements can persist for manywave activity (as evidenced
years by stormberms). However,
oiled sedments should not
be relocatedelow midtide
zone
* In-place tilling may be
used to reach deeply buried
oil layersin middle zone on
exposed beaches
« Gravel beaches can be  Deep penetration of stranded| « Heavy accumulations of
steep, withmultiple wave oil likely on gravel beaches pooled oil should be
built bermsforming upper because of high permeability | removedquickly from upper
6A beach; gravel beaches have| « Longterm persistence beachface
lowesttrafficability of all controlled by depth afoutine * All oiled debris should be
el e beach t dm ntain reworking by waves and boat | removed
(Figure40) each types and may conta g by

shell andwoody debris
» Because of high mobility of
sediments on exposed grave

beaches, low densities of

wakes
* Along shelteed portions of

I shorelines, chronic sheening

and formation of asphalt

» Sediment removahould
be limited as much as
possible

 Low-pressure flushing can
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

animals and plants

* Very common alongriver,
particularly near exposed
bedrock shores

pavements likely where
accumulations are heavy

be used to float oil away
from sediments for recover
by skimmers or sorbents

» Mechanical reworking of
oiled sediments from high
tide zone to upper intertidal
zone may be effective in
arearegularly exposed to
wave activity (as evidenced
by stormberms). However,
oiled sediments should not
be relocatedelow midtide
zone

* In-place tilling may be
used to reach deeply buried
oil layersin middle zone on
exposed beaches

* Riprap structures compose
of cobble to bouldersized
blocks of rock

* Riprap structures used for
shoreline protection and as

 Deep penetration of oil
between blocks likely

« Oil adheres readily to rough
surfaces of blocks

» Uncleaned oil can cause

* When dl is fresh and
liquid, high pressure
sprayingand/or water
flooding may be effective,
making sure toecover all

RiSrBap jetties in harbors chronic leaching until oil liberated oil _
. * Attached biota sparse on | hardens * Heavy and weathered oils
(Figure4l) . y ©
exposed riprap more difficult to remove,
* Common in more exzed requiring scraping and/or
portions of river south of hotwater spraying
Peekskill, often associated
with railroads and boat ramp
» Exposed tidal flats are * Oil does not usually adhere tq ¢ Currents and waves very
broad, flat intertidal areas surface of exposedtal flats, effective in natural removal
composegrimarily of sand | but moves across the flat and | of oil
and minor amounts of gravel accumulates at higtide line * Cleanup very difficult
* Presence of sand and gravele Deposition of oil on flat may | (possible only during low
indicates tidal curreniand occur on falling tide if tides)
7 waves strong enough to concentrationsheavy * Use of heavy machinery
Exposed Tidal | mobilize sediments * Oil does not penetrate water | should be restricted to
Flat * Biological utilization very | saturated sediments preventmixing of oil into
(Figure4?2) high, with large numbers * Biological damage may be sedinents

of infauna, heavy use by birg
for roosting and foraging, an
use by foraging fish

« Common along river; often
associated with mighannel

ssevere, primarily to infaun
0 reducing food sources for birds
and other predators

islands
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

* Substrate solidcomposed
of bedrock

« Sheltered from large waves
and strongurrents
« Sediments may accumulate

h

» Heavy oils tend to coat dry,
irregular surface

« Stranded oil will persisiue to
low energy setting

* Low-pressure flushing at
ambient tenperatures most
effective when oil fresh and
still liquid

» Care must be taken during

8A at base flushing operations to
Sheltered « Slope of intertidal zone is preventoily effluents from
Rocky Shore | generally moderate affecting biologically rich,
(Figure43) steep $15°) with little width lower intertidal levels
* Present in central portion of * Where higktide area
river in Highlands accessible, may be feasible
and Ridge and Valley to remove heavyil
regions. accumulations and oiled
debris
» Solid marrmade structures | « Oil will adhere readily to * Cleanup of seawalls
such aseawalls, groins, rough surfaces, particularly usually conducteébr
revetments, piers, and port | along high-tide line, forming aesthetigeasons or to
facilities distinct oil band prevent leaching of oil
8B « Structures constructed of | ¢ Lower intertidal zone usually | « Low- to highpressure
corcrete, wood, or metal stays wet (particularly idlgae spraying at ambient water
sheltered, | /5 d beach af d ting oil f t t t effecti
Solid Man- en no exposed beach aff covere ), preventing oil from emperatures most effective
low water, but multiple adhering to surface when oil is fresh
Made . i .
habitats indicated if present
Structures :
(Figure44) * Attached animal and plant
9 life highly variable
 Present along developed
commercial waterfront areas
in Newburgh, Poughkeepsie
Albany, and Troy
« Riprap structures compose| ¢ Deep penetration of oll * High-pressure spraying
of cobble to bouldersized between boulders likely may be required to remove
blocks of rock « Oil adheres readily to rough | oil for aesthetic reasons an
« Structures found inside surfaces to prevent leaching of oil
harbors and bays in highly | « If oil left uncleaned, may causefrom structure
8C . : ;
developed areas, sheltered | chronic leaching until * Cleanup crews should
Sheltered . .
; from direct exposure to wavesoil hardens make sure to recover all
Riprap . .
. * Attached animal and plant released oil
(Figure4b5) .
life can be present
< Very common in northern
and central portions of river,
often associated with
railroads and boat ramps
« Relatively steep and narroy « Oil tends toadhere to upper |  Thick accumulations of
rocky shorecovered by intertidal zone whereock pooled oil high priority
8D veneer of angular rubblgith | surface dries out during low for removal, to prevent re
no evidence of reworking tide, and algal cover sparse mobilization and/or
Sheltered b di lid bedrock surf i .
Rocky Shore y waves or sediment * On solid bedrock surfaces, oil penetration
; transport will occur & surface » Manual removal of heavy
(Figure46)

« Surface rubble highly
variable in size and packing,

butalways some permeabilit

coating
* Oil will pool and penetrate
crevices surface rubble

oil likely to leave significant
residues, but may be efsil

for oil in crevices or
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th

e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

in surface materials

» Can ceoccur with gravel
beaches; gravel beach cam
either at upper or lower half
of intertidal zonedepending
on nature of rock outcrop

« Sheltered from significant
waveactivity and strong
currents

* Present along river,
particularly as intertidal talus
fields near exposed bedrock
shores

» Where rubble loosely packed,

oil can penetrate deeplgausing
long-term contamination of
subsurface

sedimenpockets

* Flushing techniques most
effective when oil still
fresh and liquid; restrict
operations to tidal level®
prevent oily effluents from
impacting lower tidal
elevationswith rich
intertidal communities

* Increae temperature and
pressure over time as oil
weathers; evaluate traaéfs
between oil removal and
pressure/temperature
impacts on intertidal
communities

« Consider potential impacts
to richrocky shore
biological communitiesin
conducting cleanup of
asso@tedgravel beaches

D

* Composed primarily of muo
with minor amounts of sand
and shell

« Present in calrwater
habitats, sheltered from
major wave activity, and
frequently backetby marshes
 Sediments very sgftannot
support even lighfioot traffic

* Oil does not usually adhere tc

surface of sheltered tidfiats,

but rather moves across flat an

accumulates at higtide line

* Oil deposition on flat may
occuron falling tide if
concentrations heavy

« Oil will not penetrate water
saturated sediments, brdguld

* High-priority areas
necessitating use of spill
dprotection devices to limit
oil-spill impact; deflection
or sorbent booms and open
water skimmers should be
used
* Cleanup of flatsrface
very difficult because of

9A in many areas penetrate burrows and soft substrate; many
Sheltered Tidal | « May have heavy wrack desiccation cracks or other methods may be restricted
Flat deposits along upper fringe | crevices in muddy sediments | ¢ Low-pressure flushing ang
(Figure47) * Large concentrations of * In areas of high suspended | deployment of sorbents fror
shellfish, worms, and snails | sediments, sorption of oil can | shallowdraft boats may be
can befound on and in result in depdsion of helpful
sediments contaminated sediments on flats
« Heavily utilized by birdsdr | ¢ Biological damage may be
feeding severe
« Common alongiver,
generally associated with
emergent marshes and
tributaries
» Composed of low banks * During low water, unlikely  Low-pressure flushing ay
with grasses oshrubs along | that oil in main rivewould be effective in small
9B . . i . .
smaller tributaries affect these areas; however, | waterbodies, to flush oil
Sheltered, : ; . : . .
« Can be flooded occasionally during high river levelspil trapped along banks and in
Vegetated Low : . . . .
by high water could flow into them debris to collection sites
Banks . ' S . o
(Figure4s)  Importanthabitatfor fish, * Oil will coat any vegetation at| « Care to prevent mixing of

shellfish, birds, antkerrestrial
mammals

water line
* Oil can contaminate and

oil into sedimentsluring

response activities
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Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

ESI Number/
Classification®®

Physical Description

Predicted Oil Behavior

Response Considerations

* Present in sheltered areas
and along smaller tributaries

become trapped in debris

» Deployment of sorbents
may be necessary to recove
sheenafter gross oll
removal

* Intertidal wetlands
containing emergent,
herbaceousegetation

» Width of marsh vaes
widely, from narrow fringe to
extensive areas

» Marsh soils range frorsand
to high-organic peats

* Exposed areas located alo

« Oil adheres readily to intertidg

vegetation
» Band of coatingvarieswidely,

depending upon water level at

time oil slicks in vegetation.
May be multiple bands

* Large slicks persist through
multiple tidal cycles andoat

ngentire stem from highide line

* Under light oilirg, best
practice is natural recovery
natural removal processes
and rates should be
evaluatedprior to
conducting cleanup

» Heavy accumulations of
pooled oil can be removed
by vacuum, sorbents, or

10A bays with wide fetches and | to base low-pressure flushing
Salt- and along heavily trafficked « If vegetation thick, heavy oil | ¢ Cleanup activities should
Brackish- waterways coating restrictetb outer fringe,| be careflly supervised to
Water Marsh | « Sheltered areas not exposedalthough lighter oils can avoidvegetation damage
(Figure49) to significant wave or boat | penetrateeeper, to limit of tidal ¢ Cleanup activity must not
wake activity influence mix oil deeper into
* Resident flora and fauna | « Medium to heavy oils do not | sediments. Trampling of
abundant with numerous readily adhere to or penetrate | roots must be minimized
species with tgh utilization | fine sediments, but can pool on * Cutting of oiled vegetation
by birds, fish, and shellfish | surface or in burrows should only be considered
* Present in lower portion of | « Light oils can penetrate top | whenother resources
river, typically south of few centimeters of sediment | present at great risk from
Poughkeepsie and deeply into burrows and | leaving oiled vegetation in
cracks (up to three feet place
« Grassy wetlands composed ¢ Oil adheres readily to * Under light oiling, best
of emergenherbaceous vegetation practice is natural recovery
vegetation in tidal freshwater ¢ Band of coatingarieswidely, | natural removal processes
settings depending upon water level and rates should be
« Marsh soils vary widely changes at time oil slicks in evaluaed
from sand and gravel to peat vegetationMay be multiple prior to conducting cleanup
* Resident floa and fauna bands » Heavy accumulations of
abundant « If vegetatiorthick, heavy oll pooled oil can be removed
« Common along river north | coating will be restricted by vacuum, sorbents, or
10B of Poughkeepsie, both as to outer fringe, although lighter| low-pressure flushing
Freshwater larger marsh complexes and| oils can penetrate deeper * Cleanup activities should
Marsh narrow fringing marsh be carefully supervised to
(Figure50) avoidvegetation damage
* Any cleanup activity must
not mix oil deeper ito
sediments. Trampling of
roots must be minimized
* Cutting of oiled vegetation
only considered when
other resources present are
at great risk from leaving
oiled vegetation in place
10D * Consist of woody vegetatiol * Generally notisk of oiling * Under light oiling, best

Scrub-Shrub

less thar?0 fttall including

from marine spilldbecause of

practice is natural recovery

49 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview

==



Table 6: Environmental Sensitivity Index (ESI) Classifications

in th e Hudson River *’

CEIaSslsl;:‘iL::r:t?c?rzf‘g Physical Description Predicted Oil Behavior Response Considerations
Wetlands true shrubs, small trees, and| position above normal high tide « Heavy accumulations of
(Figure 51) trees anghrubs stunted due | « Could become oiled ding pooled oil can be removed

to environmental conditions
*Sediments silty clay mixed
with organic debris

» Grow above normal spring
high tides, thus seldom
inundated by salt water

* Resident flora and fauna
abundant

 Usually found inassociation
with artificial ponds created
by railroad tracks

very high water leveldrom
land-based spills, or during
cleanup of adjacent areas

» Woody vegetation less
sensitive than grasses to oil

by vaauum, sorbents, or
low-pressure flushing

* Oily debris can be
removed where access
 Any cleanup activity must
not mix oil deeper into
sediments. Trampling of
roots must be minimized

* Woody vegetation should
not be cut

Figure 35: ESI 1A Exposed Rocky Shore on Hudson River
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Figure 36 : ESI 1B Exposed/Solid Man -Made Structures on Hudson River

Figure 37 : ESI 3B Scarps and Steep Slopes' on Hudson River
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Figure 39 : ESI 5 Mixed Sand and Gravel Beach on Hudson River
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Figure 40 : ESI 6A Gravel Beach on Hudson River

Figure 41 : ESI 6B Riprap Shore on Hudson River
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Figure 43 : ESI 8A Sheltered Rocky Shore on Hudson River
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Figure 45 : ESI 8C Sheltered Riprap onHudson River
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Figure 47 : ESI 9A Sheltered Tidal Flats on Hudson River
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Figure 49 : ESI 10A Salt- and Brackish -Water Marsh on Hudson River
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Figure 50 : ESI 10B Freshwater Marsh on Hudson River

Figure 51 : ESI 10D Scrub -Shrub Wetland on Hudson River
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Overview of Natural Habitats of Hudson River
The Hudson River and its shorelines include a complex mix of various kinds of habitatdinipdioth

seaward (brackish water) and landward (freshwater) types (Table

Table 7: Shoreline Habitats in Hudson River Study Area

Habitat Type Area Shore Length

Water Type Habitat Name (Acres)* (Miles)
Solid Bedrock Shoreline 2.3 5.88
Unconsolidated Rock Shoreline 18.9 47.41
Sand or Sand with Brick Shoreline 0.2 0.42
Seaward Mud, Mixed Mud -Sand, Timber Edge 6.1 15.46
e WEE Saltmarsh (Sparina spp.) 33.6 1.72
Upper Intertidal Mix 1.8 4.63
South of Bear | Lower Intertidal Mix 0.2 0.52
I\B/Ir(i)(;méaln Phragmites australigCommon Reed 459.6 4.68
J Estuarine Silt-Mud 54,595.8 0.00
Estuarine Submerged Aquatic Vegetation 268.7 0.00
Sheet Pile or Concrete or Other 725 182.22
Estuarine Unvegetated Flats 143.9 0.00
Solid Bedrock Shoreline 9.8 24.67
Unconsolidated Rock Shoreline 55.2 138.91
Sand or Sand with Brick Shoreline 0.9 2.24
Mud, Mixed Mud -Sard, Timber Edge 39.3 98.84
Typhaspp. (cattail) 5.2 13.12
Upper Intertidal Mix 16.0 40.28
Landward Lower Intertidal Mix 3.2 8.17
SrealEier Phragmites australis 33.8 2.24
Wetlands Freshwater Gravel Bottom Submerged Land 79.8 0.00
Freshwater Sand Bottom Submerged Land 12,9368 0.00
I'\\lﬂgﬁzgnBear Freshwater Silt-Mud Submerged Land 19,322.0 0.00
Bridge Freshwater Scrub/Shrub Wetland Edge 788.8 0.00
Solid Bedrock Shoreline 2,175.8 0.00
Freshwater Lower Intertidal Mix 246.2 0.00
Freshwater Submerged Aquatic Vegetation 404.0 0.00
Sheet Pik or Concrete or OtherShoreline 8.5 21.50
Scrub/Shrub or Forested WetlandEdge 0.8 2.08
Freshwater Unvegetated Flats 83.2 0.00

The vast majority of the river shore areas are composed-afigiltareas, followed by sand bottohere
are about 200 tidal freshwater wetlands fringing the Hudson River from the Tammanto Troy?

9 For shorelines, areas are based on assumed width of oiling in SIMAPimgozfebne meter (3.28 ft. or 1.09 yd.)
**Findlay et al. 2002.
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Tidal wetland and submerged aquatic vegetation maps are available from NYSDECfollowing is a
summary of the types of habitats found in the Hudson River.

Submerged aquatic vegetation (SAV) communities are exclusively found én iotertidal and shallow

water habitats, primarily in the fresh water, northern portion of the estaoatige slightly brackish

portions further south in Haverstraw Bay. Hudson River SAV bedsdaminated by water celery
(Vallisneria Americang a rooted, freshwater native plant.

In the 1940s, the Hudson River was invaded by water cheStrayga( natany a prolific nonnative plant
species that quickly overtook shallows in protected or featected areas. Water chestnut is a rooted
annual with long stems to support rosettes of leaves and flowers thairflde water surface and shade
plants below. Water chestnut replaced native plants such as watgringrotected shallows and today
occupies almost 2,000 acres of Hudson River shallows, from Hastings to Twvewy rfriles 33 to 152).
Restoration projects are underway to control this plant’s growtisnecd.

The Hudson River estuary’s more than 6,000 acres of intertidal wetlaadpaiT Zee Bridge to Troy)
occur between low and high tide and are regularly flooded and drained twageby dsing and falling
tides. Intertidal wetlands are found in the main stem of the Hudson as waeil taali mouths of
tributaries. They include: brackismarshes (e.g., lona Island, Constitution and Manitou marshes) and
freshwater tidal marshes (e.g., Tivoli Bays, Ramshorn, Hudson Soytar8aMill Creek mashes). Mud
and sand flats, broddaf emergent and gramine@tbminated marshes, and tidal shrub &reé swamps

can all be found in Hudson River tidal wetlands. Hudson River intertidal habgaténalude extensive
areas of non-vegetated mud and sand flats regularly inundated by water.

Brackish marshes, vegetated by semody plants that are salt todat, exist in the lower estuary but are
uncommon. The invasive common re®hragmites australishas taken over many areas that might
otherwise be brackish marshes. Freshwater tidal marshes are common from the BeainNBoiglge
north. They contain richly diverse wetland plant communities dominated byvoody plants, often
cattail (Typha angustifolip and spatterdockNuphar adveng with many other plant species present.
Freshwater tidal swamps are highly diverse communities dominated by shdffistrees, with diverse
understories that can tolerate regular flooding.

Shorelines along the Hudson River estuary are diverse. About half of théirglsofeom Troy to the
Tappan Zee Bridge are “natural,” ranging from steep rock to shallow slopes.&ounvegetated, while
others support a mix of woody or grassy communities on mud, sand, cobbles or bedrochkeThalioof
the shoreline has been engineered with a variety of structures designedetd property or support
transportation, recreatioor industrial activities. Common engineered shorelines include remétm
(sloping structures that armor the shore), bulkhead (vertical seesatmde of steel, concrete or wood),
cribbing (interlocking logs filled with broken rock) and riprap (typicalyping rock walls).

The bottom morphology is important in determining the type of aquatic orgamisdbenthichabitats
that exist in the riveri-or example, ideal spawning grounds for the Atlantic sturgeon inclodessand

51 https://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1210
https://gis.ny.gov/gisdata/inventories/details.cfm?DSID=1350
%2 http://www.dec.ny.gov/docs/remediation_hudson_pdf/hrhrp.pdf
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vegetation to which their sttared eggsan adhere. The Hudson Riveran ecologically heterogeneous
environment with a diverse array of habitit¥able8 gives a summary of the habitat types of the river.
Two-thirds of the river had a depth of more tha® feéet (3 meters). The deepwater tidal river zones occur
below depths that can support plant growth (about two meters or 6 fleesp Zones generally have swift
currents and rocky bottoms. The shallow zones have a variety of vegétation.

Table 8: Habitat Types of the Hudson River Estuary —Troy Dam to the Battery
Habitat Type Habitat Subtype % Total

Tidal wetlands 9%
Submerged attached vegetation 6%

Shallows Floating vegetation 2%
Non-vegetated bare bottom 17%
Total shallows 34%

DeepWater Bottom > 3 meter (9.8 ft) depth 66%

Threatened Sturgeon

One of the unique features of the Hudson River is the presence of threatenechstpeyes. The
Hudson River is a rgical habitat for Atlantic Sturgeoraccording to the NatiohaOceanic and
Atmospheric Administration (NOAA) National Marine Fisheries Ssa(NMFS).

Atlantic sturgeon that are spawnedUs rivers or are captive progeny of Atlantic sturgeon that were
spawned inUS rivers are listed under the Endangered Spegies (ESA) as five Distinct Population
Segments (DPSs). As éf February2012, the New York Bight DPS of the Atlantic Sturgeon, which
includes the Hudson River, was listed as endangered. The Greater Atlagtmn Fof NMFS has
jurisdiction for implementinghe ESA with respect to the New York Bight DPBhis represents the
largest population of Atlantic Sturgeon in the BFhe final rule designates critical habitat that includes
the Hudson River from river mile 0 to the Troy Dam and includes all of thentdtanchorage areas.
The critical habitat designation is for habitats that support suctégkintic sturgeon reproduction and
recruitment.

The critical habitat includespproximately 547 km (340 miles) of aquatic habitat within the Connecticut,
Housabnic, Hudson, and Delaware Rivarthe New York Bight DPSThis includes the entire Hudson
River from the New York Harbor up to Troy.

NOAA National Marine Fisherié8 determined that the New York Bight distinct population segment of
Atlantic sturgeon i€ndangered because it is currently in danger of extinction throughcangs due to:

x Precipitous declines in population sizes and the protracted period ih sthigeon populations
have been depressed;

X Limited amount of current spawning; and

X Impacts ad threats that have and will continue to prevent population recovery.

%3 Levinton and Waldman 2006.

5 https://nctc.fws.gov/pubs5/web_link/text/mhr_form.htm

5 Dunton et al. 2016.

%% http://www.nmfs.noaa.gov/pr/pdfs/species/atlanticsturgeon_nytbidgk.pdf
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Population numbers of Atlantic sturgeon in the New York Bight distinct populatigmese are
extremely low compared to historical levels and have remained so for the pastat®0Forexample,
prior to 1890, there were an estimated 6;6(8D0 females contributed to the Hudson River spawning
stock each year during the late 1800s. Currently, the existing spawning populatierHudson River is
estimated to have 870 adults spawning each year (600;8Z@z$males). The spawning population of
this distinct population segment is thought to be one to two orders of magbélode historical levels
(Figure 52.

In addition to having fewer fish spawning, some spawning populatioesbde®en completely eliminated.
There are kownto be spawning populations exist in two rivers (the Hudson and Delawars)Riwttin
the distinct population segmerithe dimination of at least two historic spawning populations isevelil
to have occurred.

Threats to already depressed populations of Atlantic sturgggooccufrom habitat degradation, vessel
strikes and accidental capture and potential injury and mortality in fishérfesse threatare working in
combination to put the distinct population segment in danger of extinction.

Female Atlantic Sturgeon in Hudson River

Females
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Figure 52 : Female Sturgeon Individuals in Hudson River

In addition to the Atlantic sturgeon, there are also known to be shorthoggEon Acipenser
brevirostrun populations in the Hudson River that are of concern with respect toseffegbtential
spills and overall vessel activity in the Hudson River. According to the Merk Department of
Environmental Conservatior':

The shortnose sturgeon's life history is compMuch of its spawning behavior and early life
stages are still not fully understood. The shortnose sturgemmagromousmigrating from salt
water to spawn in freshwater. In the Hudson River, it spawns from-¥jpsil Adult sturgeon

5" http://www.dec.ny.gov/animals/26012.html
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migrate upriver fra their midHudson overwintering areas to freshwater spawning sites north of
Coxsackie.

Unlike most fish species, spawning is not a yearly event for most shortnose stuvigdes
spawn every other year and females every third year. Females lay betw@h240,000 eggs
which hatch in approximately 13 days. Nevhlgtched fry are poor swimmers and drift with the
currents along the bottom. As they grow and mature, the fish move downriver intamshe m
brackish parts of the lower Hudsdshortnose sturgeomelonglived. The oldest known female
reached 67 years of age and the oldest known male was 32.

Bottom feeders, shortnose sturgeon eat a variety of organising. tieir barbels to locate food
and their extendable mouths to then vacuum it up, they wdgesiworms, aquatic insect larvae,
plants, snails, shrimp, and crayfish.

Officially listed by the National Marine Fisheries Service as endangdredghbrtnose sturgeon
is fully protected by the Endangered Species Act of 1973. It is unlawful to killszeps this
fish. This action, combined with ongoing water quality and habitat protectionseffufer a
bright future for New York's shortnose sturgeon populations. No additional sraeag actions
are considered necessary at this time.

Overview of River Communities, Commerce, and Cultural Resources

The Hudson River Valley is rich with natural and cultural resources thareasured by thever one
million residents of the riverside communities as well as tourists from all overattos rand world.
Tourism in the Hudson River Valley generates about $4.8 billion annually and employs 82,455 people
riverside communitied® The river itself acts as the center of cultural and recreational activitiesamd m
historic sites.

At the same time, the river acas an important shipping route for a large variety of commodities.
Hudson River haserved as a “corridor of commerce” for as long as humans have lived along its banks.
According to the Hudson River Institute:

Archaeological evidence tells the starfyNative American communities' use of the Hudson as a
means to travel for hunting and trade. When the Europeans came to its shores thegsised it
pathway deeper into Northern New York. As such, the length of the Hudson led the Dilech set
to found heir two largest cities at opposite ends of its depths; Albany where ihédjby the
Mohawk River and the future New York City where its waters pour outhtdtlantic.

With the growth and prosperity of New York City, trade along the Hudson inckesth the
opening of the Erie Canal in 1825, the Hudson became a major lirddim from the East Coast
to the rapidly opening West. In addition to transportation, the river and its shoresalse
treated as industrial resources. Business such asiieesting, brick making, and stone quarrying
took place on the river itself, and the products were then shipped in season ondhé&@am
manufacturing, ship building and whaling, and brewing dominated the 188@sfollowing

8 Hudson River Estuary Program 2018.
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century saw an increase mgh tech industry settling into the Hudson Valley led by IBM and
DuPont.

Yet despite the growth of industry along the Hudson, agriculture hasmedna key piece of the regional
economy. Its shores and weather create a perfect growing environmerggies ¢inat have led to award
winning wineries; apple orchards and dairies flourished as well. Hialigrias well as more recently due
to “niche” gourmet farming, these enterprises have benefited by theimity New York City>

The Hudson River stydarea includes a large number of communities in two states, Nekvand New
Jersey, along both the western and eastern banks of theTireee are over one million residents living
in towns along the riverA summary of the characteristics and vulnézathoreline features of tbe
Hudson River communities is shownTiable9.*

%9 http://www.hudsonrivervalley.org/themes/commerce.html
% Detailed information abouhe river communities can beund in Appendix B.
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Table 9: Summary of Riverfront and River Vicinity Features of Hudson River Towns and Communities

L=
. E % o | §_ > g S 2 % - g = g
River = IS 2 59 5 £ 8 © © X £ > = @
Bank WG el s | ¢ |E2| 8| & |2 ||| &| &8 | E &8
5 | 2 e | S| 5| & &| 2 E| 2 %
West | Englewood Cliffs, NJ 2.9 " "
West | Alpine, NJ 6.5 » " "
East Riverdale, NY 2.6 " ” " "
East | Yonkers, NY 4.3 " " " " n " ,, " "
East | Hastingson-Hudson, NY 2.1 ” ” » n " "
East | Dobbs Ferry, NY 13 ” ” » " ”
East | Irvington, NY 1.8 » ” ” " o
East | Tarrytown, NY 2.6 ” ” " " ” " o
East | Sleepy Hollow, NY*® 2.5 ” ” ” " . " "
East | Scarborough, NY** 1.2 ” » " ”
East | Ossining, NY 2.8 " " " " " o -
East | Cortlandt, NY ® 15.1 » » " n ” » " "
East | Peekskill, NY 1.5 " " » " " " "
East | Philipstown, NY® 13.1 » " " n " ” " " e
East | Beacon, NY 4.2 " " " » " " " -
East | Fishkill, NY 16 ” ”
East | Wappinger, NY®’ 5.3 ” » ” o

®1 Thenumber of dots (from one to three) indicattes relative number of features in each town. If blank, there are no such featheséwn along the river.
®2|ncludes: Ardsleyon-Hudson

3 Hudson Rier adjacent part of Town of Mt Pleasant.

% Riverfront part of Briarcliff Manor.

% Includes: Crotoron-Hudson, Crugers, Verplanck, Buchanan, Montrose, and Cortlandt Manor.

% Includes: GarrisoandCold Spring

®"Includes: Chelsea.
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Table 9: Summary of Riverfront and River Vicinity Features of Hudson River Towns

and Communities
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=
. . % 2 E 2| & 8| 2|3 ” g = 3
Rier Town s S| E|sE| 5|5 |8 |E e |5|E 35|32z
Bank 5 o 2 D T S 2 — — 9 a g 5 8 _%
5| 2 ¢ | T |5 |||z 5| 2| %
East | Poughkeepsie, NY 9.8 " " ” " " " " e "
East | Hyde Park, NY® 8.8 » " n ” " e ,
East | Rhinebeck, NY®*° 8.9 » " " » "
East | Red Hook, NY 7.3 " " " " o
East Clermont, NY 1.9 " " 3
East Germantown, NY 3.9 " ” " ,,
East | Livingston, NY " 1.6 " " " "
East | Hudson, NY 6.9 " " " " " -
Eag Stockport, NY 3.9 " "
East | Stuyvesant, NY 9.2 B " w B
East | Schodack, NY* 8.3 " " " . " " "
East | Rensselaer, NY 4.6 " " " "o " » - -
West | Orangetown, NY’? 12.6 ” " - o "
West | Haverstraw, NY 2.9 " " " - "
West | Stony Point, NY"® 7.4 " » ” ” " Py o
West | Highlands, NY™ 11.8 " " " " " ,
West | Cornwall, NY 4.4 " " " "

% ncludes: Staatsburg
% Includes: Rhinecliff
ncludes: Linlithgo.

™ ncludes
2 |ncludes

: Castletoon-Hudson
: Piermont and Grand Viem+Hudson, Nyack, and South Nyack.

3 Including: Tomkins Cove.
" Includes: West Point, Highland Falls, and part of Bear Mountain State Park

66 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview




Table 9: Summary of Riverfront and River Vicinity Features of Hudson River Towns

and Communities

61

=
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River Town s | S| E|2E| 5|5 |5 | E|¢e |5 5|33 |¢
Bank 5 § :IO: n I 'g & — — ] o g é 8 _%
5| 2 ¢ | T |5 |||z 5| 2| %
West | New Windsor, NY 2.5 " nn " B
West | Newburgh, NY 2.3 " " " " "
West | Balmville, NY 0.9 " K
West | Marlboro, NY 8.3 " ” "
West | Milton, NY 1.9 " " " » "
West | Lloyd, NY 7 6.9 " ” " . »
West | Esopus, NY® 10.2 " " . - - ;
West | Kingston, NY 3.3 " " " " - A "
West | Ulster, NY'’ 4.7 " " . .
West | Saugerties, NY® 8.1 " » » o e " " "
West | Catskill, NY " 10.4 " " " " " " - "
West | Athens, NY 7.3 " " " B " - o -
West | Coxsackie, NY 6.7 " " " " o "
West | New Baltimore, NY 5.2 " " " " wa "
West | Coeymans, NY* 3.4 ” " o n -
West | Bethlehem, NY** 7.8 » ” o o " ;
West | Albany, NY 4.9 " » TENBEEE " o

S Includes: Highland

"8 Includes: West Park and Port Ewen.
Includes: East Kingston and Ulster Landing.
" ncludes: Glasco and Maldem-Hudson.

ncludes: Hamburg.
8 |ncludes: Ravena
8 |ncludes: Glenmont
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Water Intakes

The Hudson River serves as a source of water for industrial and comniacilities, recreational
facilities (e.g. pools, golf courses), agricultural laratsd for drinking wate as summarized ihable10.

Table 10: Water Intakes in Hudson River Study Area

Facility Town Public Agriculture | Industrial | Recreation
Domino Suwar Refinery Yonkers "
Montefiore Hospital Tarrytown "
Tallman Mountain State Park Orangetown "
Sleepy Hollow Country Club Briarcliff "
Rockland Lake Golf Course Orangetown "
Tilcon Stone Quarry Haverstraw K
Haverstraw Power Plant Haverstraw K
Indian Point Energy Center Cortlandt K
Camp Smith Military Cortlandt "
Charles Point Resource Recovery Peekskill "
Town of Fort Montgomery Fort Montgomery K
Town of Cold Spring Philipstown "
Town of Beacon Beacon K
Southern Dutchess Country Club| Beacon "
Danskammer Power Newburgh K
Roseton Power Newburgh K
Town of Chelsea Wappinger "
VA Hudson Valley Castle Point | Wappinger "
Marlboro Quarry Marlboro K
Agricultural Area Milton K
IBM Poughkeepsie "
Dutchess Gdf Club Poughkeepsie "
Marist College Poughkeepsie "
Town of Highland Highland "
Town of Hyde Park Hyde Park "
Town of Rhinebeck Rhinebeck ”
Town of Port Ewen/Rondout Esopus "
Town of Catskill Catskill "
Town of Ulster Ulster "
Town of Athens Athens "
Town of Coxsackie Coxsackie "
Town of Castletorron-Hudson Schodack "
Epcor Utilities Schodack "
PSEG Power New York Bethlehem ”
Pfizer/AMRI Rensselaer ?
City of Albany Albany "
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Table 10: Water Intakes in Hudson River Study Area

Facility Town Public Agriculture | Industrial | Recreation
Agricultural Area Menands K
Office of General Services (OGS)| Albany "
Town of Watervliet Watervliet ”
Town of Green Island Green Island
Town of Troy Troy

PCB Contaminant Issue

While PCB contamination is not within the scope of the HROSRA study, it isriamido takenote of
this baselineeondition for the Hudson River with respect to the overall environmentahhafatie river.
There arealsoimplications for spill response related to PCB contamination that ndeddonsidered’

In the late 1940s through 1977, the General Electric Corporation (GE) dischaitiygas of pounds of
polychlorinated biphenyls (PCBs) into the Hudson River from two electricitapananufacturing plants
at Fort Edward and Hudson Falldew York. These facilities are abod0 and 45 miles north of the Troy
Federal Lock and Dam, respectiveligure 53.

Figure 53 : Site of General Electric Capacitor Plants

82 This issue is discussed in HROSRA Volume 6.
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The US EPA recommended that 2.65 million cubidgasf contaminated sediments containing PCBs be
dredged from the Upper Hudson RiV&in 2009, the EPA ordered Phase 1 dredging for the areas shown
in Figure54 throughFigure56. This removed 283,000 cighyards of PCBcontaminated sediment along

a sixmile stretch. Phase 2 dredging during 2011 through 2015, removing 2.75 million cubic yards of
contaminated sediment from selected areas above the Troy Federal Lock and Dam.

Figure 54 : Phase 1 PCB Northern Dredging Areas (Thompson Island Pool -North )3

8 US EPA2000a.
8 https://www3.epa.gov/hudson/pdf/factsheet2005. pdf
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Figure 55 : Phase 1 PCB Northern Dredging Areas (Thompson Island Pool -South) %

% https://www3.epa.gov/hudson/pdf/factsheet2005. pdf

71 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Figure 56 : Phase 1 PCB Dredging Areas (Griffin Isla  nd) %

8 https://www3.epa.gov/hudson/pdf/factsheet2005. pdf
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Prior to the dredging operationsgetlevels of PCBs in fish in the Upper Hudson River far exceed those
believed to impact health of people who consume fish based ebasskl levels established by credible
toxicological methods. In addition, the concentrations of PCBs in fish and wittiteed levels believed

to cause harn@Table11andTable12).®’

Table 11: PCB Levels in Upper Hudson River Fish Compared to Other Coastal Waters %

Location Mean PCB Concentration (ppm)(Pre-Dredging)
Thompson Island Pool 729
Hudson Stillwater Reach 1.641
River® Waterford Reach 3-19
Below Troy Federal Dam 1.1-11
Great Lakes™ 0.4-1.9
Delaware Bay" 0.4-0.7
Chesapeake Bay 0.05-1.0

Table 12: Great Lakes Protocol Risk -Based PCB Advisory %

PCB Concentration in Edible Fish Tissue Advisory
Less than 0.05 ppm Unlimited consumption, no advisory
0.06-0.2 ppm Restrict intake to one fish serving per week
0.21-1.0 ppm Restrict intake to one fish serving per month
1.1-1.9 ppm Restrict intake to one fish serving every two months
Greater than 2.0 ppm Do not eat

The NYSDEC also rejected the findings of the EPA that the PCB cleanup had been satisfactory
NYSDECs research and analysis indicate that there are still unacceptable levels sfifP@RBer
sediments and fish tissdéln addition to PCB contaminatioNY SDECalso concluded that a substantial
number of Hudson River walleye, a popular gamefish, contained mercury concentraiosmsceed the

NY Department of Health's guidance values. Walleye also have a “do not eat” advisay liigh PCB
concentrations.

Other Contaminants in Lower Hudson River Sediments

Industrial activity along the Lower Hudson River lmasulted in the deposition of other contaminants in
the sediment of the river as well, including: metals, organochlorine plestigpetroleum compounds
(PAHSs), and chlorinated organits.

The metal contaminants commonly found in the Hudson River notably include:

87 Baker et al. 2006.

8 Based on: Baker et al. 2006.

89USs EPA 2000b.

9 http://www.epa.gov/grtlakes/glindicators/fish/topfish/topfishb Jhtm
L Ashley et al. 2003.

92| iebert et al. 2001.

9 Great Lakes Sport Fish Advisory Task Force 1993.

® Hudson River Estuary Program 2018.

% Holochuck2006.
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x Copper: In addition to its use in plumbing, electrical wiring, and circuit boaufacturing,
copper is also used in arfititling marine paints and applied to the hulls of marine vessels.
x Cadmium: Cadmium is used in metal plating and coatingnfchinery, including transportation

equipment, as well as in batteries and paint pigments.

X Lead: Lead was commonly used in pipes until banned in 1998. It was also used as a gasolin
additive and in automotive and marine batteries as an electrode.
X Mercury:Mercury is released in the combustion of fossil fuels (especially andlgarbage.

The organochlorine pesticide dichlorodiphenyltrichloroethane (DDT}ped axtensively until banned in
1973. Its breakdown products dichlorodiphenyldichloroethylene (DDEand 1,1dichlore?,2-bis(p-

chlorophenyl) ethane (DDD) — are found in soil and sediment in the Hudson River.

Concentrations of contaminants found in sediment in the Hudson River are shohablenl3.
Concentrations of DDT in sediment are shownTable 14. As with PCBs, the presence of these
contaminants is relevant with respect to the baseline conditions of the rivesl] as potentially for spill
response operations that require dredging or substraiaval.

Table 13: Sample Ambient Contaminant Levels along Locations in Lower Hudson Valley

96

Maximum Concentrations” (in ppm — except for PCBs in ppb§?

U - - sE| 2 | @ ®

Location ‘é g '% E é E‘; 3 3 3;; ﬁ “E’

S| & |~ | 2| |8l |5 || &

8| %

E\‘l\jl’i?gkz&';")a”“a 875 | 28 | 9 | 051 | 12 | - : i . .

(S,\;‘ﬁ‘gzguc Ve 78 | 10 | 69 <8% L3 |- : i . .

g\;l’irlgaﬂ%t Ve 156 | 04 | 248 | 052 | - - o3| - | 167 -

fl\;l’lrlg";";')' Ve 89.5 | 0.011| 0.11 | 0.005 | - - o039 | - | 167 -

fl\;‘”efgg)P“mp St 1 517 | 12 | 164 | 0071| - : : - . .

(Hl\%ﬁ: 7F’8"J;rk TS 86 | 04 | 078 <8% e . . . . .

?‘l\;"irlgig)"i”t MHETTE 86 | 04 | 078 <8% o - oo7| - i : .

(Al\r/l‘ﬁg‘gf)ge ETITES 62 | 062 | 25 <0'TSO A . . . . .

(A,\;'i‘lgnlsl';f”y SlE 120 | 252 | 212 | 174 | 125 | 2 - | 239 | - 2

F,\;Ti‘l’ngg)oeymans YC| 468 | 111 | 456 | - | 496 | - : i . .

?‘@ﬁ':gjg?ypsum 46.8 | 111 | 456 (<8_0'25) - . . . . .
% Holochuck2005.

" Different sampling programs have yielded differing results; Maximum eadue presented (Holochuck 2005).

% nd = not detected.

74 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Table 14: DDT, DDE, DDD, and Dioxin Levels in Hudson River Sediment %°
Concentrations
Location DDDTDIEBOE Dioxins,'** Furans Year
(opm) ppm Total Dioxin/Furan TEQs 1

River Mile 152.7 (Port of Albany) nd (0.99) 9 1996
River Mile 120.2 (Athens) 0.004 - - 1998
River Mile 88.6 (Esopus) 0.003 nd (0.23) 4.8 1998
River Mile 1.7 (New York Harbor) 0.020 9.54 33 1998

Recreational and Commercial Fishing

The Hudson River estuary’s range of habitats and salinities supports a wide vestyesf The 2017
Great Hudson River Fish Count netted2b 3amples o8 species of fish, which gives a general sense of
the distribution of speci€’§® Speciesspecificallyfound in the HROSRA studgreaare inTable15.

Table 15: Great Hudson River Fish Count (August 2017)
Fish Number of Specimens by Hudson River Mile

18 | 25 | 28 | 35 | 55 | 59 | 61 | 76 | 84 | 92 | 123 | 133 | Total
American Eel 0 0 1 6 0 0 0 0 0 0 0 0 7
Alewife 0 0 0 0 7 9 0 0 0 0 0 0 16
Blueback Herring 0 0 0 29 | 16 7 0 0 0 0 0 0 52
Herring Species 0 0 0 16 0 0 0 0 0 20 | 20 | 31 87
Golden Shiner 0 0 0 0 0 0 0 0 0 0 0 1 1
Spotfin Shiner 0 0 0 0 0 0 0 0 0 0 5 0 5
Spottail Shiner 0 0 0 0 | 45 6 1 0 0 10 | 23 | 10 95
Brown Bullhead 0 0 0 11 0 0 0 0 0 0 0 0| 11
Oyster Toadfish 0 2 0 0 0 0 0 0 0 0 0 0 2
Banded Killifish 0 0 2 5 0 0 0 0 0 0 0 2 9
Mummichog 0 3 0 0 0 0 0 0 0 0 0 0 3
Atlantic Silverside 0 16 2 9 0 0 0 0 0 0 0 0 27
Northern Pipefish 0 0 8 1 0 0 0 0 0 0 0 0 9
White Perch 1 14 | 13 | 50 | 10 | 12 0 10 0 2 3 5 120
Striped Bass 4 47 5 | 335 6 29 0 15 | 10 0 465
Redbreast Sunfish 0 0 0 1 0 0 5 0 0 0| 6
Pumpkinseed 0 0 0 0 0 0 0 1 0 0 0 3| 4

% Holochuck2006.

190 pichlorodiphenyltrichloroethane (DDTdlichlorodiphenyldichloroethylene (DDE), 1dichlore2,2-bis(p-
chlorophenyl) dtane (DDD)

101 polychlorinated dibenzo dioxins (PCDSs); polychlorinated bibenzo fur@RKS).

192 Toxic equivalency valuesTEQ is calculated by multiplying the actual grams weight of each dimdrdaxin
like compound by its corresponding toxic equinalefactor, TEF (e.g., 10 grams X 0.1 TEF = 1 gram TEQ) and
then summing the results. The number that results from this calculaticeferred to as grams TEQ. 30g of
compound C, with a TEF of 0)2.

103 hitp://www.dec.ny.gov/docs/remediation_hudson_pdf/hrepfcl7rev.pdf
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Table 15: Great Hudson River Fish Count (August 2017)
Fish Number of Specimens by Hudson River Mile

18 | 25| 28 | 35 | 55 | 59 | 61 | 76 | 84 | 92 | 123 | 133 | Total
Bluegill 0 0 0 0 0 1 0 0 0 0 0 o 1
Sunfish Species 0 0 0 8 0 0 0 0 0 0 0 0| 8
Smallmouth Bass 0 0 0 0 0 0 0 0 3 0 0 0| 3
Largemouth Bass 0 0 1 1 0 0 0 0 0 0 0 o] 2
Tessellatel Darter 0 0 0 0 0 0 0 1 0 0 0 4| 5
Bluefish 0 11 0 12 0 0 0 0 0 0 0 0 23
Hogchoker 0 0 0 0 0 0 0 0 0 1 0 0 1
Total 5 93 32 | 484 | 86 41 7 41 8 48 61 56 962

The Hudson has had a rich history of commercial fisiintpe pastparticularly of sturgeon, staand
striped bas$? However, the PCB contamination, in addition to efighing and other problems have
effectively closed those fisheries. There are s#ilireational, and subsistence fishigfivities in the
Hudson River, but there are health issassociated with the consumption of fish caught in the river.
Current regulations for the tidal Hudson River are showhaipie 16. In addition to finfish, there is also
fishing for blue crabs. For blugabs, there is a daily litndf 50 crabs per person.

Table 16: Fishing Regulations for Tidal Hudson River
Species Location Open Season Minimum Length Bmlﬁl
Hudson River fronNYC Battery to Eels (914 inches)
American Eel Troy Dam all tributaries upstream | All year for bait only; no 25
to first barrer impassable by fish processing for food
Black Bass Hudson River from Troy Dam rd
(Largemouth and | downstream and all tributaries to 20 ?\lzi;[\lj;c::g/e\]une 15 inches minimum 5
Smallmouth)*%® first barrier impassable by fish
. Hudson River and tributaries north 1 April-30 . One fish 1828
SUIEEE of George Washington Bridge November inches total or one 1
9 9 9 fish >40 inches
American Shad Fishing for or possessing American Shad is prohibited in the Hudsen R
Hickory Shad Hudson River and tributaries north 1 August30 Any size 5
of Tappan Zee November
Anadromous Hudson River Waterford Lock sout . 10/argler;
River Herring '®® | to George Washington Bridge 15 March-15 June Any size 50/boat®’

Despite concerns abt PCB, mercury, and other contamination, there is still a significant amount of
subsistence fishing in the Hudson River. In a survey conducted by Scenic Hudson dadahels)

108

32% of anglers were found to consume fish in exceedance of the amounts andgizetrecommended

in New York State Department of Health Guidelir@sble 17). The 2016 survey found that Latino

104 http://iwww.dec.ny.gov/lands/74069.htfilhese are just the fish that were caught and released, notahe t

number of fish in the river, which would be a much higher number.]
195t is illegal to fish (including catch & release) for largemouth kzass smallmouth bass duriofpsed season.

1% ncludes: alewife and blueback herring; only angling or personslatieived.

07 \Whichever is lower.
1% Garcia and Stone 2016.
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anglers reported the highest rate of fish consumption (64%), followed tgaPAmericans (41%)
(Figure57). The socioeconomic groups most affected were those with an annual incaent®25,000
and $50,000.

Fish Consumption by Race/Ethnicity

Anglers who (Hudson River)
Consume Fish

100%

90% B Below Recommended Portion Size-

U
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80%

70%

60%

50%

40%

30%

20% -

10% -

0% -

Black Latino White
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Figure 57 : Hudson River Fish Consumption by Race/Ethnicity

Table 17: Hud son River Fish Consumption Advice

NYS Department of Health Advice
River Section Type of Fish Men >15 Women <50
Women > 50 Children <15

Upper Hudson

South Glens Fals | Any type Do not eat Do not eat
to Troy Dam
Mid-Hudson Alewife, blueback herring, rock bass, yellow perch | Up to 1 meal/month| Do not eat
Troy Dam to
Cat)s/kill All other fish (including striped bass, walleye) Do not eat Do not eat

Walleye, white catfish, channel catfish, American ¢
gizzard shad
Striped bass, smallmouth bass, largemouth bass,

Do nd eat Do not eat

Lower Hudson bluefish, brown bullhead, white perch, carp, rainbowUp to 1 meal/month| Do not eat

ga:fk'" toNYC | smelt, goldfish, Atlantic needlefish
attery Blue crab (without tomalley) Up to 6 crabs/week | Do not eat
All other species r%ré;?sfmonth Do not eat

19Based on: Garcia and Stone 2016.
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Subsistence fishers, especially those from economidalhdvantaged populatioi$ would be at
particular risk in the aftermath of an oil spill on the Hudson RiVaere would clearly be additional
advisories isued by state and federal authorities, but given that even with the exidtiisgrees on
limiting or prohibiting the consumption of fish from the Hudson River, theag still be consumption of
affected fish nevertheless. Howevdshfthat areoil-tainted generally hae a characteristicodor that is
clearly recognizable at concentrations far lower than those that wenadhealth effects:

Recreational Boating

The high value on boating for recreational purposes on the Hudson River is evideatldmge number
of marinas and boat and yacht clubs along the riUbere is at least on recreational boatiatted

facility in each of at least 36 communitidsable9). There are a large number of regattas and @bhents

that take place in addition to informal boating activities.

Table 18: 2016 Vessel Registrations by County and Length ~ **
Vessel Class
County Total Uncoded | ClassA Class 1 Class 2 Class 3 Class 4

<16 ft 16-25 ft 26-30 ft 40-64 ft . I 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

According to the New ¥rk State Office of Parks, Recreation, and Historic Preservation (ORE1¢P),
vessel registrations of the counties along the Hudson River are as shbabida8. Note that not all of
the boats would necessarily be exclusivelyedisn the Hudson River. There are lakes and other
waterways in some of the counties that might also be locations for reneaoating™® Oil spills
would affect boating by preventing or limiting the use of the river duririgregponse operations. Bsa
and marina structures could also be oiled.

110 5ee Tabld8throughTable20in Appendix B.

lyender at al. 2002; Reilly ef. 2001; Yender 2003.

Y“2NYS ORPHP 2017.

13 For example, Westchester County has shorelines along the Long IskamdiiS@ddition to the Hudson River.
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In addition to boating, there are at least 81 locations within the stadyoan which kayaks, canoes, and
other personal paddle craft are regularly launched on the Hudson River GreEmilay which is a
National Water Traif***[See Appendix C.]

Swimming Beaches in Hudson River

Swimming occurs in the Hudson River at a number of private beachgmiblicparks with beacheat

least seven location3dble9). There aralso several river swimming events, most notably the annual 8
Bridges Hudson River Swim each JUh&The swimmers (and accompanying kayakers and other boats)
begin the swim at the Rip Van Winkle Bridge in Catskill, New York, and coatito the Verrazano
Narrows Bridge in the New York Harbofn oil spill and the response operations associated with a spill
would clearly have an impact of these activities and potentially preserit hisk#to swimmers

Waterfront Redevelopment , Preservation, and Recreational Facilities

There has been significant effort in the last 25 years to redeVeddipudson River waterfront aftebout
150 years of industrial use towards more usage for residential, recreatiodaland preservation
purposes. This includes a signifitaeffort by Hudson River Valley Greenwdy,Historic River Towns
of Westchestet'® Scenic Hudson, and others.

A prime example is the Hudson River Trail or Westchester RiverWalk that spahsmilgs of
Westchester County shoreline through 14 municipalitregu¢e58).

Scenic Hudson has been instrumental in developing, creating, and enhancing puslipneascves, and
historic sites throughout the Hudson River Valley including those showrahie 19. Many of these
parks and facilities are enjoyed not only by residents but also by toudstothe north from New York
City and other areas in the region.

14 The Hudson River Greenway Trail extends 265 miles from northerto§ar&ounty in the Adirondack Paakd
northern Washington County at the head of Lake Champlain, to Battery Padahmaibn.

115 http://hudsonrivergreenwaywatertrail.org/

16 http://www.8bridgesorg/

7 The Hudson River Valley Greenway is an innovative state agency created tatéache development of a
voluntary regional strategy for preserving scenic, natural, histerttural and recreational resources while
encouraging compatible ecan@ development and maintaining the tradition of home rule ol lase decision
making fttp://www.hudsongreenway.ny.gov

18 \westchester County Department of Planning 1998.
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Figure 58 : Westchester RiverWalk Map **°

19 hitps://planning.westchestergov.com/images/stories/RiverWalk/riviemvegd11x17.pdf
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Table 19: Scenic Hudson Parks along the Hudson River

Available Park Activities

Park ooy | Fking [ T Winter | Wildife | R —
Yy walking Bicycling Sports | Viewing Fishing | Boating | Picnics
Bob Shepard Highland
Highland Landing |Ulster
Black Creek Esopus
Preserve Ulster
Clausland Orangeburg
Mountain Park Rockland
Draytown Grant  [Rhinebeck
Park Dutchess
. Haverstraw
Emeline Park Rockland
Esopus Meadows |Esopus
Preserve Ulster
Yonkers
Esplanade Park Westchester
Estie & Hellie Cornwall
Stowell Trailhead |Orange
Falling Waters Galsco
Preserve Ulster
. Beacon
Fishkill Ridge Dutchess
Foundry Dock Cold Spring
Park Putnam
Four-Mile Point Coxsackie
Preserve Greene
Franny Reese Highland
State Park Ulster
. Yonkers
Habirshaw Park Westchester
Harrier Hill Park Stockpqrt
Columbia
High Banks Ulster Park
Preserve Ulster
Hudson Highlands |Cortlandt
Gateway Park Westchester
Hudson Highlands [Cornwall
Nature Museum |Orange
Hyde Park Tralil Hyde Park
River Overlook Dutchess
lllinois Mountain Lloyd
Ulster
Kathryn W. Davis |[Sleepy Hollow
RiverWalk Center |Westchester
. Esopus
Lighthouse Park Ulster
Madam Brett Beacon
Park Dutchess
Manitou Point Garrison
Preserve Putnam
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Table 19: Scenic Hudson Parks along the Hudson River

. Available Park Activities
Location

Park Hiking Winter | Wildlife

(County) Bicycling Fishing | Boating | Picnics

Walking Sports | Viewing
Mount Beacon Beacon
Park Dutchess
Olana Viewshed Hudson_
Columbia
: Poughkeepsie
Peach Hill Park Columbia
, Red Hook
Poet’'s Walk Park Dutchess
RamsHorn- Catskill

Livingston Sanct. |Greene

Roosevelt Farm  [Hyde Park
Lane Trall Dutchess

Scenic Hudson Highlands
Mine Dock Park |Orange

Scenic Hudson Irvington
Park Irvington Westchester
Scenic Hudson Peekskill
Park Peekskill Westchester

Scenic Hudson Tarrytown
Park Tarrytown Westchester

Scenic Hudson Beacon
Long Dock Park  |Dutchess

Scenic Hudson New Baltimore
Long View Park  |Greene

. Esopus
Shaupeneak Ridge Ulster
Sleightsburgh Esopus
Park Ulster
Walkway Loop Poughkeepsie
Trail Dutches$”
Walkway Over Poughkeepsie
Hudson Dutchesg*
West Point Cold Spring

Foundry Preserve |Putnam

Van der Donck Yonkers
Park Larkin Plaza |Westchester

In addition waterfront“revitalizatiori has included redevelopment ofnamber of previous industrial
sites along the #dson River as residential areadten with accompanying community services and
facilities, andrestaurant$o attract touristsincluding Figure59 andrigure60):

x Sleey Hollow (General Motors Site RedevelopmerEdgeon-Hudson)
X Yonkers (Alexander Street and Urban Renewal Area)

120 Trail links Walkway over the Hudson State Historic Park and-Midison Bridge in Poughkeepsie and ytdo
(Ulster County).
121 Trail goes across bridge on river between Poughkeepsie (Dutchesy)GmehHighland (Ulster County).
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Haverstraw (Harborat-Haverstraw)
Newburgh Waterfront

Kingston Landing

Ossining (Harbor Square)
Greystone/Yonkers (River Tides)
Nyack (TZ Vistg

X X X X X X

Figure 59 : Northern Westchester Waterfront Revitalization Map ~ *#

122\westchester County Department of Planrieg8
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Figure 60 : Southern Westchester Waterfront Revitalization Map ~ *#

Some of thiswaterfront revitalization andedevelopment has included the cleaning up of previously
contaminated industrial sites as part‘fmfownfields” and other assistance programs in the sesd. of

this assistance has come from the New York State Environhi@notaction Fund (EPEY. Through the
Local Waterfront Revdlization Program (LWRP), the EPF has invested more than $186 milliotpto he
more than 330 communities revitalize their waterfronts and downtowns, expam gedass, improve
natural resources, and boost tourism and recreational opportunities. Fdromaitgommunities across
the state, the LWRPadministered by New York's Department of State (NYSDOBas become a

1Z3\Westchester County Department of Planrieg8
12NYSDEC 2013.
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reliable, dedicated source of funding for community and waterfeuitalization. Matched by municipal
partners, more than $372 million haseb invested for community revitalization in the 20 years of the
program.

This development has increased the real propexiye of riverfront areas and reinvented the Hudson
River as a place of tourism and commerce rather than an area of industajor oil spill could have a
significant effect on these newtleveloped waterfronts.

Hudson River as a Port 1?°

The Hudson River north of New York City up to the Port of Albany (as in the HRGBRIy area) acts
as an important port area. Vessel traffic on the Hudson River has been tiagspoiaverage of nearly
17 million tons of commodities up and down the river for decdeigsie61). Vessel trips (or transits) up
and down the river for the years 1994 through 20&5%hown inFigure 62for all commodities.

Currently, there are an estimated 16,000 vessel trips up and down th®IBteof which are shallow
draft vessels (14 feet or less). Vessels on New York waterwayparad264 million of domestic freight
daily.**® A major oil spill and its ensuing response operations could have a sighiéiffact on port

activities. During response operations in a port area, it is often necessate féederal orscene

coordinator (FOSC), often the Captain of the Port (COTP), to block oictestssel traffic temporarily to
prevent interference with response operations.

Waterborne Commerce in Hudson River (All Commaodities)

Short Tons (Spuyten Duyvil to Waterford, NY)

20,000,000

18,000,000 /\/\/_\

16,000,000 v/\ 7\
~ V\ / \

14,000,000

12,000,000

10,000,000

8,000,000

6,000,000

4,000,000

2,000,000

0
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Figure 61 : Total Annual Waterborne Commerce on Hudson River

125 A more comprehesive analysis of Hudson River port activities, including Vesséfic appears in HROSRA
Volume 3 as part of the oil spill probability analysis.
12%port of Albany 2016.
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Trips Vessel Transits on Hudson River (All Commodities)
Upbound + (Spuyten Duyvil to Waterford, NY)
Downbound
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Figure 62 : Annual Vessel Transits on Hudson River (All Commodities)

Delaying vessel traffic either north (e.g., at Port of Albany or Po@a¥ymans) or south of the spill
location (e.g., the New York Harbor or Yonkers Anchorage) would have a ripeffegt on port
operations up and down the river and beyond. The Hudson River is part of
America’s Marine Highway Systert?” as “M-87” (Figure63) is a major connector between the Great
Lakes (M90) and the Atlantic (MP5). In addition, the Port of Albany also connects to three railroads and
to truckshipping systems. Because of the geographic layout of the Hudson River andicingpathe
locations of the northern ports, there are no viable alternative routessiel trafc. Temporary use of

rail and truck transport may be employed in certain cases.

Delays in port operations could potentially cause economic impacts to induodtcould have effects on
various levels of the regional economy. For example, these impaddsimcude the cost of temporarily
delaying northbound vessels in or outside of the New York Harbor andtsourid vessels at the Ports

of Albany and Coeymans. Daily costs for the operation of -de&fp vesselsof which there are about

four per day transiting the Hudson River, range from about $16,000 to $58,000 at sea and $12,000 to
$44,000 in port for each vessel, or about $48,000 to $232,000 for each day of the delay for sllRassel

the estimated 40 daily shalledvaft vessels that transit the #kon River, the costs are approximately
$5,000 per day for each vessel, or $200,000 per day of the delay for all the V&ssels.

A delay of even day or two may also result in effects to towing and tughwatese passenger ferry
transport, marina operations, and marine cargo operations, which may adfiestry and commercial

127 https://www.marad.dot.gov/shimdshipping/dotmaritime-administratioramericasmarine highwayprogram/
128 Based on: US Army Corps of Engineers 2000a, 2000b.

86 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview




costs, as well workers in the region. The Port of Albany, for one, brings $2@nailtlay to the state and
regional economy and supports nearly 1,400 jobs locally and 4,500tfwbwide’” Commuters who
rely on the ferry system to get across the river (e.g., Haver€ssiming) would need to find alternate

transportation.

In addition, even temporary delays in the transport of home heating oil anduetiseas well as other
conmodities, could conceivably affect local and regional residents and busideg@nding on the time
of year.

130

Figure 63 : Marine Highway Routes

129 hitps://en.wikipedia.org/wiki/Port_of Albany%E2%80%93Rensselater#udteT hriving-24
130 50urce: Maritime Administration (MARAD)
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Summary
This volume described the risk assessment process and provided an oedrthewunique conditions
and resources of the Hudson River

The Hudson River Oil Spill Risk Assessment (HROSRA) provides a comprehensiysisanélthe risk

of oil spills in the Hudson River study area (betweeny&puDuyvil and the Federal Lock and Dan
Troy). As a risk assessment, the analysis includes a quantification and quatifafathe probability or
frequency of spills and the potential consequences of spills. Tithg also includes an assessment of the
ways in which spills can be mitigatélorough prevention (addressing spill probability or frequency) and
response (addressing spill consequences or impacts).

A selection of72 hypothetical oilscenarios assimulated withSIMAP. These scenariosvalve varying
combinations of 10 locations, five oil types, three seasons, two tidal conditions, anthpujeition to
create fire and explosioftach of the hypothetical spill scenariosTiable 20 was modeled under three
seasons (spring with high flow, summer witlv flow, and winter with medium flow and ice).

Each of the seasons was also modeled under &ighlowtide conditions at the onset of the spill. Some
of the spills were also simulated assuming ignition to cause fill®raexplosions to occur, in addition to
modeling of the same scenario without ignition. The potential forr@mwental and socioeconomic
effects from hypothetical spills is discussed.

Table 20: HROSRA Spill Scenario Summary
Location Spill Source V?glég'e Oil Type Fi'rAe(/jI(Ejgg)lggilon

ProposedKingston Anchorage | ATB impact accident 150,000| Home heating oil No
ProposedKingston Anchorage | ATB impact accident 150,000| Diluted bitumen No
Newburgh Waterfront Crude oil train accident 11,000| Bakken crude oil Yes
Port of Albany Tanker loading accident 155,000| Bakken crude oil Yes
lona Island Crude oil train accident 11,000 Bakken crude oil Yes
Rondout Creek ATB collision 75,421| Bakken crude oil Yes
Rondout Creek Cargo vessel collision 14,000| Heavy fuel oil No
Bear Mountain Bridge Tanker collision 2,500 | Home heating oil No
Coxsackie Tanker impact accident 25,000| Home heating oil No
Tappan Zee Tanker allision with bridge 2,500 | Home heating oil No
Tappan Zee Tanker allision with bridge 50 | Heavy fuel oll No
Yonkers Anchorage Tanker impact accident 155,000| Gasoline Yes

88 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview




References (Citations)

Ashley, J.T.F., R. Horwitz, B. Ruppel, and J. Steinbacher. 2003. A comparison of ateahiCB
patterns in American eels and striped bass from the Hudson and Delaware River estuaries
Marine Pollution BulletinvVol. 486: 1,294-1,308.

Baker, J.E., W.F. Bohlen, R.F. Bopp, B. Brownwell, T.K. Collier, K.J. Farlelg M&eyer, R. Nairn, and
L. Rosman. 2006. PCBs in the upper and tidal freshwater Hudson River Estuarscidime
behind the controversy. Itdudson River Estuaryedited by J.S. Levinton and J.R. Waldman,
Cambridge University Press, New York. pp. 349-367.

Cushing, C.R. 201&Report to Hudson River Waterfront Alliance Concerning Proposed Hudson River
AnchoragesC.R. Cushing & Co., Inc., New York, New York. Project 3529. 30 November 2016.
71 p.

de Vries, M.P., and L.A. Weiss. 200%altFront Movement in the Hudson River Estuary, New ¥ork
Simulations by On®imensional Flow and SolufEransport ModelsUS Geological Swey
WaterResources Investigations Report-4®4. US Geological Survey, New York City
Department of Environmental Protection, New York State Department of Enwrdam
Conservation, and Hudson Valley Regional Council. Troy, New York. 77p.

Dunton, K.J.A. Jordaan, C.M. Martinez, T. Kehler, K.A. Hattala, J.P. VanEenennaam, MHErH&A.
McKown, D.O. Conover, and M.G. Frisk. 2016. Age and growth of Atlantic Sturgeon in the New
York Bight. North American Journal of Fisheries Managem¥aot. 36: 62—73.

Etkin, D.S. 2014. Risk of crude and bitumen pipeline spills in the United Statadys&s of historical
data and case studies (198812). Proc. 37" AMOP Tech. Sem. on Environmental
Contamination and Respons97-316.

Etkin, D.S. 2015. Risk analysis and preventiondandbook of Oil Spill Science and Technology. 3-
36, Edited by M. Fingas, Wiley & Sons, Inc., Hoboken, New Jersey, USA. 693 p.

Etkin, D.S. 2016aCrudeby-Rail Spill Risk Analysis for Proposed Shell Puget Sound Refinery Anacortes
Rail Unloading Facility: Rail Spill Probability and Volume Analysis. Shell Anacortes Rail
Unloading Facility Environmental Impact Statement. AppendixPf@pared for Skagit County
and Washington Department of Ecology. 31 August 2016. 200 p.

Etkin, D.S. 2016b. Modeling the changing spill risk of crbgeail operations.Proc. 39" Arctic &
Marine Oilspill Program Tech. Sem. on Environmental Contamination and Respo®s640.

Etkin, D.S. 2017a. Analysis of US crublg-rail oil spillage and potential future trend&roc. 48" Arctic
& Marine Oilspill Program Tech. Sem. on Environmental Contamination and Resi2ise
245.

Etkin, D.S. 2017. Historical analysis of US pipeline spills and implicationgdatingency planning.
Proc. 40" Arctic & Marine Oilspill ProgramTech. Sem. on Environmental Contamination and
Responsel,139-1,163.

89 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Etkin, D.S., D. French McCay, M. Horn, H. LandquistMI. Hassel6v, and A.J. Wolford. 2017.
Quantification of oil spill risk. Chapter 2 @il Spill Science and Technolag¥* Edition, edited
by M. Fingas, Elsevier Publishing. pp. 71-183. ISBN: 9780128094136.

Etkin, D.S., D. FrenciMcCay, and T. Reilly. 2011. A statd-the-art riskbased approach to spill
contingency planning.Proc. 34th Arctic & Marine Oilspill Program Tech. Sem. on
Environmental Contamination and Respar8@6-927.

Etkin, D.S., M. Horn, and A. Wolford. 2017. CBHpill RISK: Model to calculate crueley-rail
probabilities and spill volume®roc. 2017 International Oil Spill Conferenc&,189-3,210.

Findlay, S.E.G., E. Kiviat, W.C. Nieder, and E.A. Blair. 2002. Functional assessment @rencef
wetland set as a tool for science, management and restofejioatic Sciencé4:107-117.

Fingas, M. 2015a. Diluted bitumen (Dilbit): A future high risk spilled matediaferspill 2015
Conference Proceeding8msterdam, March 226, 2015.

Fingas, M. 2015b. Review of the properties and behavior of diluted bitimereedings of the 38
AMOP Technical Seminar on Environmental Contamination and Respbf3e494

Fitzjarrald, D.R., and G.G. Lala. 1989. Hudson Valley fog environmedtsirnal of Applied
Meteorologywol. 28: 1,303-1,328.

Garcia, M., and J. Stone. 2018udson River Angler Study: A Snapshot of Current Fish Consumption
Trends on the Lower Hudson Rivétrepared forScenic Hudson and Sierra Club, Atlantic
Chapter. December 2016. 4 p.

Great Lakes Sports Fish Advisory Task Force. 1#98tocol for a Uniform Great Lakes Sport Fish
Consumption Advisory.

Hudson River Estuary Program. 20k8udson River Estuary Program 2D Annual Coordinator’s
Report.Presented to the Hudson River Estuary Management Advisory Committee arglithe N
York State Legislature. January 2018. 16 p.

Ladd, J.W., R.E. Bell, E.A. Blair, H. Bokuniewicz, S. Carbotte, R.M. Cerrato, Sr@hiV.L. Ferini,
R.D. Flood, N.P. Maher, C.M.G. McHugh, F.O. Nitsche, W.B.F. Ryan, D.L. Strayer, J. Thissen,
and R. Versteeg. 2002. Mapping the Hudson Estuary’s submergeddearwatersvol. 32(1).
Available at:https://www.nywea.org/clearwaters/pre02fall/321060.html

Lee, I.LR. 2015. Arensemblebased algorithm to predict warm season fog occurrence across the Hudson
Valley in East Central New YorkProceedings of the $5American Meteorologal Society
Annual Meeting18 p.

Levinton, J.S., and J.R. Waldman, ed. 200& Hudson River Estuargambridge University Press. 488
p.

90 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Liebert, D., J.E. Baker, F.C. Ko, D. Connell, T. Burrell, C. Poukish, Q. Foprest, W.,Bedyurch, B.
Fairall, J.McKay, W. Evans, and D. Johnson. 208loaccumulative Toxic Chemicals in Fish
from Maryland Waters, Fall 200&inal Report to the Maryland Department of the Environment,
University of Maryland Report [UMCES] CLB01-0133.

Montibeller, G., and D. von Winterfeldt. 2015. Cognitive and motivational biases inateeisd risk
analysis. Risk Analysis Vol. 35(7): 1,230-1,251.

New York State Department of Environmental Conservation (NYSDEC). 2N&8¢ York State
Environmental Protection Fund 20Anniversay. Prepared by New York State Department of
Environmental Conservation (NYSDEC). 28 p.

New York State Department of Environmental ConservatmSDEC). 2015.The State of the Hudson
2015.Prepared by New York State Department of Environmental Conservatd@®OEC) and
Cornell University. 20 p.

New York State Department of Health. 20Hudson River: Health Advice on Eating Fish You Casch.
p. (hitps://www.health.ny.gov/publications/2794 .pdf

New York State Office of Parks, Recreation, and Historic Preservation KBRP2017. 2016
Recreational Boating Repo#t6 p.

Port of Albany. 2016Port of Albany 2015 Year in Revieflbany Port District Commission, Albany,
New York. 72 p.

Reilly, T.l., and R.K. York. 2001Guidance on Sensory Testing and Monitoring of Seafood for Presence
of Petroleum Taint following an Qil SpIINOAA Technical Memorandum NOS OR&R 9.
Seattle: Office of Response and Restoration, National Oceanic and Atmogjdmirdstration.

109 pp.

Renshaw, J., and M. Parraga. 2017. Lured by discounts, US East Coast refinengpsBadeilian crude.
Reuters 31 January 2017 .(https://www.reuters.com/articleAusa-cruddsrazil/luredby-
discounts-u-eastcoastrefinerssnatchup-braziliancrude-idUSKBN15F2K)

Richter, S., et al., 2005. Taslependent differences in subjective fatigue scodesrnal of Sleep
Research4(4): 393—-400.

Seekell, D.A., and M.L. Pace. 2011. Climate change drives warming in theohRiver Estuary, New
York (USA). Journal of Environmental Monitoringol. 13(8): 2,3212,327.

Seifert, W.T. 2007Cognitive Biases in iBk ManagemeniMaster Thesis. Missouri University of Science
and Technology, Graduate School of the University of MisdRalia. Submitted in partial
fulfillment of the requirements for the Degree of Master of Scienceste8y Engineering. 55 p.

US Arny Corps of Engineers. 2080Economic Guidance Memorandum-06: Deep Draft Vessel
Operating CostdJS Army Corps of Engineers, Washington, DC. June 2000. 38 pp.

91 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



US Army Corps of Engineers. 2080Economic Guidance Memorandum-@®: Shallow Draft Vessel
Operating CostsUS Army Corps of Engineers, Washington, DC. April 2000. 20 pp.

US Environmental Protection Agency (EPA). 200Budson River PCB Superfund Site (New York)
Superfund Site Proposed Plddecember 2000.

US Environmental Protection Agency (EPA)000b. Revised Baseline Ecological Risk Assessment,
Hudson River PCB Reassessmuftal. 2E. http://www.epa.gov/hudson/revisedberatables.pdf

Westchester County Department of Plannit@98.Historic River Towns of Westchester: Hudson River
Waterfront Present and Futur@/estchester County Department of Planning, White Plains, NY.
14 p.

Woodruff, J.M. 2005. Consequence and likelihood in risk estimation: A mattefasfceain UK health
and saéty risk assessment practice. Safety Science Vol. 43:3585

Yender, R. 2003. Improving Seafood Safety Management after an Oil Bmitieedings of the 2003
International Oil Spill Conference3 pp.

Yender, R., J. Michel, J., and C. Lord. 2002anaging Seafood Safety after an Oil Spibeattle:
Hazardous Materials Response Division, Office of Response and Restar&timmal Oceanic
and Atmospheric Administration (PDF - 1IMB). 72 pp.

92 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Appendix A: Ice Definitions

Ice forms in freshwater at 33°F t0°84 and in salt water at 29°F. In an estuary like the Hudson River, the
formation of ice would tend to occur at some point between these tempsrdifiiote that these are water
temperatures and not ambient air temperatures, which may be sligfehgmlf

Ice is classified by formation in the following wa¥s:
Brash ice: Conglomerates of small ice cakes and chunks that has broken off from other ice
formations. These conglomerations coalesce and refreeze into irneghlapled masses, one to

six feet indiameter usually with sharp projections. Brash ice can extend all the way tottita bot
of an icecongested waterwayigure64).

Figure 64 : Brash Ice

Drift ice: Any unattached ice formation or any aseof ice other than fast i¢€igure65).

131 Source: US Coast Guard Homeport New York Sedttipf/homeport.uscg.mil/newyoik
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Figure 65 : Drift Ice

Fast ice:Immobilized ice formations. Ice is so firmly frozen into place along thesstrohneld by
islands that winds and water currents cannot dislodge the formaitgun€66).

Figure 66 : Fast Ice

Floe ice: Detached segments of floating ice shedigure 67). There are four recognized
categories of floe measurement:

o0 Cake floe (0 to 66 feet across)

o Small floe (66 to 328 feet across)

0 Medium floe (328 to 1,640 feet across)
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o Big floe (1,640 to 6,652 feet across)

Figure 67 : Floe Ice

Frazil ice: Fine spicules or ice cryas that float freely and individually in the wat&idure68).

Figure 68 : Frazil Ice

95 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Grease ice:Water surface completely covered with frazil ice but the ice crystals have not yet
begwn to freeze together. The surface has a greasy, matte appearance and may look like an oil
slick.

Figure 69 : Grease Ice

Hummocked ice:Pressurdormed piles of ice usually jagged in appearamiigure70).

Figure 70 : Hummocked Ice

Ice edge:The boundary, at any given time, of the open sea and ice of anyiather drifting
or fast Figure71).
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Figure 71: Ice Edge

Plate ice: Flat ice with approximately uniform thickness without ridges or windrdvigufe72).

Figure 72 : Plate Ice

Pancake ice:Predominantly circular pieces of ice. Pieces are one to eight feet across with raised
rims resulting from the pieces striking one anotlkéguyre73)
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Figure 73 : Pancake Ice

Pressure ridge:A line or wall of broken ice forced upward and downward I®spure. This is
usually formed when two floes collide with each othlég(re 74.

Figure 74 : Pressure Ridge

Rafted ice: A type of ice formed by one flow overriding another; some parts of the oveillap w
trap water that may freeze and cement the two floes together, while attemng! trap air and
take on a characteristic white appearamkigure75).
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Figure 75 : Rafted Ice
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Append ix B: Hudson River Communities Data

The Hudson River study area includes a large number of communities states, New York and New
Jersey, along both the western and eastern banks of the river as summaraiele 21 (from south to
north) for New Jersey and Tfable22 andTable23 for New York. One county in New Jersd8ergen on

the western banfand 11 counties in New YosBronx, Westchester, Putnam, Dutchess, Columbia, and
Rensselaer on the eastern bank, and Rockland, Orange, Ulster, Grebmmdbany counties on the
western bardkare included in the study area. Population and population charactdiigtim®ie, poverty
levels, and race/ethnicity) have beenluded as a rough measure of the degree to which spill impacts

might affect vulnerable populations as a consideration of environmenteé¢just

Table 21: Hudson River Study Area West Bank Communities in New Jersey
. 5 o
Town/Village | Population CMe_dlan per o Nonl Wh|te Le_ngth River-Based Economic and
(County) (Est. 2016) s leeme | Pealleen RULED Cultural Features'®®
' (% Poverty) (% Latino) Shoreline
Englewood $53,260 43.65% . Palisades Park
Cliffs (Bergen) 5,406 (16.1%) (5.98%) 2.9 miles Englewood Boat Basin
: Alpine Picnic Area
0,
'(Aég'rneen) 1,869 $(130£(’f§)4 (341381%//; 6.5 miles | Alpine Boat Basin
9 70 0470 Kearney House Historic Site
Table 22: Hudson River Study Area East Bank Communities in New York ™
. 5 T
Town/Village lati CMe_dlan per o Nonl Wh'te Le_ngth River-Based Economic and
(County) Population apita Income Popu a}tlon Rlver Cultural Eeatures
(% Poverty) (% Latino) Shoreline
. Riverdale Park
0,
E;\r/s;?(?le 47,850 $A('r?/’;)98 (ﬁggf) 2.6 miles | RiverdaleYacht Club
2070 Commuter rail station
Westchester Co. Wastewater
Domino Sugar
Riverfront restaurants
0,
mzlégﬁester) 200,807 ?125;2? (gjgé)) 4.3 miles | Riverfronthomes
=70 70 Yonkers Paddling & Rowing
Beczak Environmental Cente
Commuter/Amtrakail station
Tennis Club of Hastings
Hastinason- MacEachron Park
Hudso% 7 969 $48,914 10.21% 2 1 miles Riverfront restaurant
(Westchester) ' (3.5%) (4.5%) ' Tower Ridge Yacht Club
Riverfront homes
Commuter rail station
Riverfront Park
Dobbs Ferry $35,090 19.3% . Riverfront restaurant
(Westchester) 11,093 (5.8%) (7.0%) 1.3 miles Riverfront homes
Mercy College

132Based on most recent data available in Wikipedia or other sources.
133 percent of total population below the poverty threshold.
134 Based on US Census data. Hispanic/Latino percentage may include “White” race.
135 Facilities (including recreational) near or directly located on the riverfaad/or take water from the river for
operations that might be affected in the event of an oil spill.
1% Based on most recent data available in Wikipedia or othecssur
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Table 22: Hudson River Study Area East Bank Communities in New York

136

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Economic and
Cultural Features

Commuter rail station

Irvington **
(Westchester)

6,587

$59,116
(3.1%)

11.4%
(3.79%)

1.8 miles

Scenic Hudson Park
Matthiessen Park
Riverfront restaurants
Riverfront homes
Commuter rail station

Tarrytown
(Westchester)

11,532

$39,472
(4.7%)

22.6%
(16.17%)

2.6 miles

Lyndhurst Historic Site
Sunnyside Historic Site
Riverfront homes

Riverfront restaurants
Washington Irving Boat Club
Tarrytown Marina/Boat Club
Losee Park

Pierson Park

Scenic Hudson Riverwalk
Commuter rail station

Sleepy
Hollow*®
(Westchester)

10,198

$28,325
(7.4%)

38.99%
(51.04%)

2.5 miles

Philipsburg Manor Site
Kingsland Point Park
Philipse Manor Beach Club
Philipse ManoMarina
Tarrytown Lighthouse
John D. McKean Fireboat
Commuter rail station
Riverfront homes
Rockwood Hall State Park

Scarborough*
(Westchester)

8,032

$76,256
(2.2%)

13.6%
(5.3%)

1.2 miles

Riverfront homes
Commuter rail station

Ossining
(Westchester)

37,674

$34,195
(8.4%)

29.74%
(19.98%)

2.8 miles

Sing Sing Correctional Facility
Louis Engel Riverfront Park
Riverfront homes
Riverfront restaurants
Ossining Boat Club
Shattemuc Yacht Club
Westerly Marina

Henry Gourdine Park
Ossining/Haverstraw Ferry
Paradise Heating Oll
Crawbuckle Park
Dominican Sisters of Hope
Commuter rail station

37 Includes: Ardsleyon-Hudson

138 Hudson River adjacent part of Town of Mt Pleasant.
139 Riverfront part of Briarcliff Manor.
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Table 22: Hudson River Study Area East Bank Communities in New York

136

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Economic and
Cultural Features

Cortlandt **°
(Westchester)

42,821

$33,432
(4.5%)

11.4%
(7.19%)

15.1 miles

Van Cortlandt Manor Site
Riverfront homes

Croton Point Park

Half Moon Marina
Senasqua Park

Croton Landing Park
Oscawana Island Park
Georgés Island Park
Cortlandt Yacht Club
Hudson Valley Marine

King Marine

Viking Boat Yard
Riverfront homes

Lafarge Gypsum

Indian Point Energy Center
Lents Cove Park

Annsville Preserve Park
Hudson River Expeditions
Annsville Creek Paddlesport
Camp Smith Militay Base
Commuter/Amtrak rail station

Peekskill
(Westchester)

24,053

$22,595
(13.7%)

64.2%
(21.92%)

1.5 miles

Charles Point Park
Charles Point Marina
Wheelabrator Waste Energy
Peekskill Yacht Club
Travis Point Park
Riverfront Green Park
Trinity Cruises

Pedskill Landing Park
Riverfront restaurants
Franciscan Sisters Home
Riverfronthomes
Commuter rail station

Philipstown**
(Putnam)

9,662

$37,738
(6.0%)

4.43%
(3.79%)

13.1 miles

Manitou Point Preserve
Capuchin Moastery

Garrison Institute

Garrison Landing Par
Garrison Marina

Garrison Art Center

Depot Theatre

Constitution Island Historic
Constitution Marsh/Audubon
West Point Foundry Preserve
Dockside Park

Riverfront restaurants
Riverfront homes

Private docks

10%1ncludes: Crotoron-Hudson, Crugers, Verplanck, Buchanan, Montrose, and Cortlandt Manor.
141 Includes: GarrisoandCold Spring
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Table 22: Hudson River Study Area East Bank Communities in New York

136

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Economic and
Cultural Features

Commuter rail station

Beacon
(Dutchess)

14,271

$20654
(11%)

31.63%
(16.90%)

4.2 miles

Breakneck Ridge Trail
Bannerman Castle Historic
Dennings Point State Park
Riverfront homes

Dia Beacon Museum
Scenic Hudson River Center
Long Dock Park

Pete & Toshi Seeger Park
Beacon /Newburgh Ferry
Mount Gulian HistoricSite
Commuter rail station

Fishkill
(Dutchess)

2,116

$26,504
(8.4%)

6.28%
(6.05%)

1.6 miles

Riverfront homes

Wappinger'*?
(Dutchess)

26,780

$25,817
(4.1%)

13.82%
(7.87%)

5.3 miles

Chelsea Yacht Club
Chelsea Marina
Riverfront homes
Commuter rail station

Poughkeepsie
143

(Dutchess)

30,267

$16,759
(22.7%)

47.2%
(10.6%)

9.8 miles

Carnwath Farms Historic Site
Wheeler Hill Historic District
New Hamburg Yacht Club
White Hudson River Marina
Bottini Fuel Terminal
Riverfront homes

Bowdoin County Park

Tilcon Aggregates

Pirate Canoe Club

Shadows Marina

Riverfront restaurants

Kaal Rock Park

Waryas Park

Walkway Across Hudson
Hudson River Rowing Assoc.
Marist Boathouse

Cornell Boathouse

Longview Park

Fern Tor Nature Preserve
Quiet Cove Riverfront Park
Rivers Edge Marina

Hyde Park Marina
Commuter rail/Amtrak station

Hyde Park*
(Dutchess)

21,048

$21,260
(5.7%)

8.98%
(3.23%)

8.8 miles

Culinary Institute of America
Franklin Roosevelt Library
Springwood (FDR Historic)
Rogers Point Boating Assoc.
Riverfront homes

12 ncludes: Chelsea.
3 Includes: New Hamburg and Wappingers Falls.
14 ncludes: Staatsburg
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Table 22: Hudson River Study Area East Bank Communities in New York

136

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Economic and
Cultural Features

Riverfront Park

Hyde Park Landing Hotel
Vanderbilt Mansion Historic
Bolles Island (private)
Poughkeepsie Yacht Club
Margaret Norrie State Park
Mills Norrie Marina

Norrie Point Envtl. Center
Atlantic Kayak Tours

Mills Mansion Historic Site

Rhinebeck'*®
(Dutchess)

7,548

$26069
(9.7%)

7.5%
(3.94%)

8.9 miles

Linwood Spiritual Center
Wyndclyffe Mansion Historic
Wilderstein Historic Site
Riverfront homes

Ferncliff Nursing Home
Amtrak station; Water intake

Red Hook"®
(Dutchess)

11,181

$20,410
(8.7%)

5.8%
(2.65%)

7.3 miles

Red Hod Boat Club
Unification Theol. Seminary
Montgomery Place Historic
Hessel Museum of Art
Bard College

Tivoli Bays Wildlife Area
Riverfront homes

Riverfront hotel

Clermont
(Columbia)

1,909

$21,566
(9.4%)

3.42%
(2.72%)

1.9 miles

Clermont State Park
Livingston State Forest

Germantown
(Columbia)

1,906

$22,198
(7.9%)

3.07%
(1.29%)

3.9 miles

Ernest Lasher Memorial Park
Riverfront homes
Agricultural land

Livingston*
(Columbia)

3,503

$22,434
(5.9%)

2.86%
(1.69%)

1.6 miles

Livingston State Forest
Riverfront homes
Agricultural land

Hudson
(Columbia)

6,404

$22,353

41.0%
(8.2%)

6.9 miles

Olana State Historic Site
Rogers Island Wildlife Area
Harrier Hill Park

Hudson Athens Lighthouse
Henry Hudson Riverfront Pk
Hudson River Public Boat
Furgery Fishing Village Site
Greemort Conservation Area
Riverfront homes

Amtrak station

Stockport
(Columbia)

2,680

$18,137
(12.5%)

3.51%
(1.81%)

3.9 miles

Agricultural land

Stuyvesant
(Columbia)

1,921

$21,314
(4.3%)

2.7%
(0.69%)

9.2 miles

Stuyvesant Boat Launch
Lewis A. Swyer Preserve

15 ncludes: Rhinecliff
1% ncludes: Barrytown, Annandaten-Hudson, and Tivoli.
147 Includes: Linlithgo.
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Table 22: Hudson River Study Area East Bank Communities in New York

136

. Median per % Non-White Length ] .
To(vcv:r;/L\j/rllltl;ge Population | Capita Income Population River Rlvegsl?jgcli I:Eggt':l?gc St
(% Poverty) (% Latino) Shoreline

Riverfront homes

Agricultural land

Schodack Island State Park

48 Castleton Boat Club
(SFggr?gseclﬁer) 13,151 %435/30 (ijg;‘:) 8.3 miles | Papscanee Island Nature Pres.
' ' Riverfront homes

Agricultural land

Paulsinello Fuel Terminal

Gold Bond Building Products

Buckeye Oil Terminal

Sprague Oil Terminal
Rensselaer 9340 $19,674 147782%7) 4.6 mil gg:{;]ine'gglgjkmmal
(Rensselaer) ' (12.8%) (4.72%) -0 MIES | Rensselaer Cogeneration

Albany Yacht Club
Riverfront Park
Agricultural lands
Riverside horas
Amtrak station

Table 23: Hudson River Study Area West Bank Communities in New York

149

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Ecmomic and
Cultural Features

Orangetown'*®
(Rockland)

50,234

$33,170
(4.8%)

16.03%
(6.02%)

12.6 miles

Piermont Marsh

Tallman Mountain State Park
Tappan Zee Marina
Cornetta’s Marina

Nyack Marina

Nyack Boat Club

Hook Mountain Yacht Club
North River Shipyard

Nyack Beach State Park
Hook Mountain State Park
Hudson River Greenway Trai
Private docks

Riverfront homes

Riverfront church

Riverfront restaurants

Haverstraw
(Rockland)

37,414

$22,188
(10.6%)

33.76%
(31.73%)

2.9 miles

Haverstraw Beach State Park
OssiningHaverstraw Ferry
Emeline Park

Bowline Point Park
Haverstraw Bay Park
Haverstraw Marina

18 |ncludes: Castleton-Hudson
149Based on most recent data available in Wikipedia or other sources.
10 ncludes: Piermont and Grand Viem-Hudson, Nyack, and South Nyack.
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Table 23: Hudson River Study Area West Bank Communities in New York

149

Town/Village

(County) Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Ecmomic and
Cultural Features

Riverfront restaurants
Riverfront homes

Stony Point™*

(Rockland) 15,475

$28,244
(3.7%)

5.67%
(6.84%)

7.4 miles

Minisceongo Yacht Club
Panco Petroleum Terminal
Pennybridg Marine
Seaweed Yacht Club
Patsy’s Bay Marina
Stoney Point Bay Marina
Stoney Point State Park
Stoney Point Lighthouse
Bear Mountain State Park
lona Island Nat. Estuarine Res.
Riverfront homes

Highlands®*?

(Orange) 12,138

$17,830
(3.6%)

24.82%
(9.71%)

11.8miles

Bear Mountain State Park
Mine Dock Park

Riverfront homes

West Point Military Academy
West Pont History Museum
Highland Falls Park/Marina
Riverfront hotels

Cornwall

(Orange) 12,480

$28,509
(5.0%)

5.32%
(5.11%)

4.4 miles

Storm King State Park
CornwallYacht Club
Riverfront homes

New Windsor

(Orange) 21,272

$22,806
(1.03%)

15.28%
(11.10%)

2.5 miles

Kowawese Unique Area
Sloop Hill State Unique Area
Plum Point Park

Warex Fuel Terminal

Diesel Direct Fuel Terminal
Riverfront homes

Newburgh

(Orange) 28,200

$13,360
(25.8%)

60.6%
(47.9%)

2.3 miles

Newburgh Rowing Club
Newburgh Waterfront Trail
Gulf Harbor Marina
Beacon/Newburgh Ferry
Front Street Marina
Hudson River Adventures
River Rose Cruises
Unico Park

Newburgh Yacht Club
Riverfront restaurants
Riverfrontchurch
Riverfront retail

Riverfront homes

Balmville

(Orange) 3,339

$30,646
(2.2%)

20.34%
(10.03%)

0.9 miles

Riverfront homes

Marlboro

(Ulster) 2,339

$20,123
(12.0%)

4.32%
(4.96%)

8.3 miles

Marlboro Yacht Club

Milton 1,251

$23,785

6.63%

1.9 miles

Agricultural land

1 Including: Tomkins Cove.

152 Includes: West Point, Highland Falls, and part of Bear Mountain State Park
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Table 23: Hudson River Study Area West Bank Communities in New York

149

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Ecmomic and
Cultural Features

(Ulster)

(5.1%)

(3.76%)

Riverfront hotel
Riverfront homes

Lloyd **3
(Ulster)

10,517

$22,229
(7.3%)

9.71%
(5.07%)

6.9 miles

FrannyReese State Park
Walkway Over Hudson Park
Highland Landing Park

FDR National Historic View
Riverfront homes

Esopus>*
(Ulster)

8,839

$21,174
(n/a)

5.43%
(1.91%)

10.2 miles

Vineyard
Seminaries/monasteries
Black Creek Preserve
Esopus Meadows Preserve
Esopus Meadows Lighthouse
Lighthouse Park

High Banks Preserve

Port Ewen water intake
Hidden Harbor Yacht Club
George H. FrioMem. Beach
Sleightsburgh Park
Riverfront homes

Private docks

Riverfront hotel

Agricultural land

Riverfront school

Kingston
(Ulster)

23,210

$18,662
(15.8%)

26.8%
(13.4%)

3.3 miles

Hudson R. Maritime Museum
Waterfront restaurants
Waterfront retail

Kingston Point Rotary Park
TR Gallo Waterfront Park
Rondout Yacht Basin
Hideaway Marina

340 Abeel Marina

Tivoli Sailing Company
Riverfront church

Rondout Lighthouse
Kingston Point Rail Trail
Kingston Point Beach
Kingston Point Fuel Terminal

Ulster®®®
(Ulster)

12,455

$22,069
(9.0%)

6.56%
(2.45%)

4.7 miles

Robert E. Post Memorial Park
Charles Rider Park/Boat Ramj
Ulster Landing County Park
Ulster Landing Beach
Riverfront homes

Saugerties®
(Ulster)

19,097

$17,900
(12.2%)

5.8%
(5.0%)

8.1 miles

Falling Waters Preserve
Saugerties Lighthouse
Saugerties Marina

33 ncludes: Highland
154 |ncludes: West Park drPort Ewen.

15 ncludes: East Kingston and Ulster Landing.

158 |ncludes: Glasco and Maldem-Hudson.
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Table 23: Hudson River Study Area West Bank Communities in New York

149

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Ecmomic and
Cultural Features

Ruth Reynolds Glunt Preserv
Glasco MiniPark

Saugerties Steamboat Maring
Tina Chorvas Waterfront Park
US Coast Guard Base

Bristol Beach Park/Landing
Agricultural land

Riverfront convent

Riverfront hotels
Riverfronthomes

Private docks

Catskill >
(Greene)

11,365

$18,563
(14.9%)

10.06%
(4.03%)

10.4 miles

Lehigh Cement

North American Quarry
Dutchman’s Landing Park
Main-Care Energy Terminal
Riverfront homes
Riverfront restaurants
Riverview Marina

Catskill Yacht Club
Assisted living facility
Riverfront church
Riverfront homes
Seminary

Agricultural lands

Athens
(Greene)

3,941

$20,910
(8.7%)

4.13%
(1.7%)

7.3 miles

Elco Motor Yachts
Athens Boat Launch
Athens Riverfront Park
Peckham Asphalt/Cement
Vosburgh’s Nurseries
Small fuel terminal
Riverfront homes
Riverfront hotel

Riverfront restaurants
Agricultural land

Private docks/small marinas

Coxsackie
(Greene)

8,498

$16,830
(12.9%)

7.76%
(11.15%)

6.7 miles

Vosburgh Swamp Wildlife
Four Mile Point Reserve
Hudson River Islands
Coxsackie Boat Launch
Coxsackie Yacht Club
Detached Forest Preserve
Riverfront homes

Private docks

Agricultural land

New Baltimore
(Greene)

3,254

$20,636
(7.2%)

2.6%
(1.61%)

5.2 miles

Bronck Island Unique Area
Donovan’s Shady Harbor
Cornell Park

Hannacroix Peserve

7 Includes: Hamburg.
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Table 23: Hudson River Study Area West Bank Communities in New York

149

Town/Village
(County)

Population

Median per
Capita Income
(% Poverty)

% Non-White
Population
(% Latino)

Length
River
Shoreline

River-Based Ecmomic and
Cultural Features

Riverfront restaurants
Riverfront homes
Private docks
Agricultural land

Coeymans>®
(Albany)

7,374

$21,686
(6.9%)

5.39%
(3.24%)

3.4 miles

Coeymans Sewer Plant
Riverfront homes

Riverfront restaurants

Ace Charters Fishing
Coeymans Landing

Ravena Coeynres Yacht Club
Port of Coeymans

Lafarge NA

Bethlehemt™®
(Albany)

35,324

$31,492
(3.1%)

5.26%
(1.74%)

7.8 miles

Henry Hudson Town Park
Moh-He-ContNuck Preserve
North Albany Oil Terminal
Citgo Petroleum

PSEG Power Plant
Scarano Boatbuilding

Sims Metal

Riverfront homes
Agricultural land

Albany
(Albany)

98,111

$56,236
(21.7%)

47.7%
(9.2%)

4.9 miles

Buckeye Albany Terminal
Albany Asphalt & Aggregates
Port Welding Services
MMC Millwork

Westway Terminal

Port of Albany

Gorman Asphalt

Global Oil Terminal
Dutch AppleCruises

USS Slater Museum
Jennings Landing
Riverfront restaurants

%8 |ncludes: Ravena
9 ncludes: Glenmont

109 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview




160

Appendix C: Hudson River Greenway Trail Maps

Figure 76 : Saratoga -Albany Hudson River Greenway Water Trail Map

10 High-resolution maps may be viewed by increasingomen magnification.
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Figure 77 : Kingston -Poughkeepsie Hudson River Greenway Water Trail Map

111 Hudson River Oil Spill Risk Assessment Volume 2: Hudson River & Study Overview



Figure 78 : Beacon -New York City Hudson River Greenway Water Trail Map
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