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APPENDIX A

HUDSON RIVER PCBs SUPERFUND SITE
NEW YORK
PRELIMINARY WETLANDS ASSESSMENT

The sediments and water in the Hudson River are contaminated with polychlorinated biphenyls
(PCBs) from discharges originating from two Genera Electric Company (GE) capacitor
manufecturing plants. The Hudson River PCBs Supefund Ste extends nearly 200 river miles
from Hudson Fdls to the Baitery in New York City. Many PCBs reman concentrated in hot
gpots in the sediments of the Upper Hudson River portion of the Site, an approximately 40-mile
reach of the river from Hudson Fals to Troy that traverses Washington, Saratoga, Albany, and
Renssdaer Counties. The sdlected remedy involves sediment of the Upper Hudson River and this
portion of the river isthe focus of this assessment.

Both federd and date freshwater wetlands exist throughout the Upper Hudson region. Aress
adjacent to the Upper Hudson River include forested shoreline wetlands, trandtiond uplands,
and vegetated backwaters (emergent marsh and scrub-shrub wetlands). The Nationd Wetlands
Inventory (NWI) maps and the New York State Depatment of Environmental Conservation
(NYSDEC) freshwater wetlands maps delimit the wetlands adong the Upper Hudson River. Also,
mapping prepared for GE depicts the locations of submerged aguatic vegetation (SAV) in the
subject reach.

Description of the Selected Remedy

The remedid action objectives (RAOs) edtablished for the Hudson River PCBs Superfund Ste
areto:

Reduce the cancer risks and non-cancer hedlth hazards for people egting fish from
the Hudson River by reducing the concentration of PCBsin fish.

Reduce the risks to ecologica receptors by reducing the concentration of PCBs in
fish.

Reduce PCB leves in sediments to reduce concentrations in river (surface) water
that are above applicable or relevant and appropriate requirements (ARARS).

Reduce the inventory (mass) of PCBs in sediments tha ae or may be
bicavailable.

Minimize the long-term downstream transport of PCBsin theriver.

Because certain wetlands and SAV communities dong the Upper Hudson are contaminated by
PCBs, they must be included in the areas to be dredged. There is no practicable aternative that
exigs other than remediation of those wetlands and SAV communities.

As documented in the Record of Decision for the Hudson River PCBs Superfund Site, the mgor
components of the selected remedy comprise the following:

Appendix A - 1

Responsiveness Summary Hudson River PCBs Site Record of Decision



Remova of sediments based primarily on a mass per unit area (MPA) standard of
3 gm 2 Tri+ PCBS' or greater (spproximaidy 156 million cubic yards of
sediments) from River Section 1 (former Fort Edward Dam to Thompson Idand
Dam).
Removal of sediments based primaily on an MPA of 10 g/m ? Tri+ PCBs or
greater (gpproximately 0.58 million cubic yards of sediments) from River Section
2 (below Thomson Idand Dam to Northumberland Dam).
Remova of sdected sediments with high concentrations of PCBs and high
erosona potential (NYSDEC hot spots 36, 37, and the southern portion of 39)
(approximately 051 million cubic yads) from River Section 3 (bdow
Northumberland Dam to Federal Dam & Troy).
Dredging of the navigation channel, as necessary, to implement the remedy and to
avoid hindering cand treffic during implementation. Approximately 341,000
cubic yards of sediments will be removed from the navigation channd (included
in volume estimates in the preceding three components, above).
Remova of dl PCB-contaminated sediments within aress targeted for
remediation, with an anticipated residua of agpproximately 1 mgkg Tri+ PCBs
(prior to backfilling).
A phased gpproach whereby remedia dredging will occur at a reduced rate during
the firda year of dredging. This will dlow comparison of operaions with pre-
edtablished peformance criteria and evduation of necessary adjusments to
dredging operations in the succeeding phase or to the criteria
Backfill of dredged areas with approximately one foot of clean materid to isolate
resdud PCB contamination and to expedite habitat recovery, where gppropriate.
Use of rall or barge for transportation of clean backfill materids within the Upper
Hudson River area.
Monitored natural atenuation (MNA) of PCB contamination that remains in the
dredging residud and in unremediated areas in theriver.
Use of environmenta dredging techniques that will minimize and control
resugpengon of sediments during dredging.
Trangport of dredged sediments via bage or pipdine to sediment
processing/trander facility(ies) for dewatering and stabilization.
Ral (or possbly barge) transport of dewatered, Stabilized sediments to the
gopropriate licensed off-gte landfill(s) for disposd. If a beneficid use of some
portion of the dredged materid is aranged, then an appropriate transportation
method will be determined (rall, truck, or barge).
Monitoring of fish, water, and sediment to determine when remediation gods are
reached.

- Implementation (or modification) of agppropriate inditutiona controls such as fish
consumption advisories and fishing redrictions by the respongble authorities,
until rlevant remediation goals are met.

The sdected remedy is expected to remove a total of 2.65 million cubic yards of contaminated
sediment containing approximately 70,000 kg (about 150,000 Ibs) of totd PCBs from the Upper
Hudson River. Remedid dredging will be conducted in two phases. The firs phase will be

1 “Tri+ PCBs’ are PCB molecules with three or more chlorine atoms.
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cealy and fully defined during the fird year of desgn. The firg phase will be the firg
condruction season of remedid dredging. The dredging during that year will be implemented
initidly a less than full scde operation. It will incdude an extensve monitoring program of al
operations, whereby monitoring data will be compared to performance criteria developed during
the remediad design in consultation with the dtate, other natural resource trustees, and the public.
Performance criteria will address (but may not be limited to) resuspension rates during dredging,
production rates, resduds after dredging, or dredging with backfill as appropriate, and
community impects (e.g., hoise, ar quality, odor, navigation).

The information and experience gained during the firs phase of dredging will be used to
evduae and determine compliance with the performance criteria. Further, the data gathered will
enable EPA to determine whether adjusiments are needed to operations in the succeeding phase
of dredging, or if performance criteria or the remedy as a whole needs to be reevauated. EPA
will make the data, as well as its find report evaduating the work with respect to the performance
criteria, available to the public.

EPA has not yet determined the locations of sediment processing/transfer facility(ies) necessary
to implement the selected remedy. For purposes of the Feashbility Study, example locations were
identified from an initid lig of candidate Stes based on screening-leve fidd observations thet
conddered potentid facility locations from an engineering perspective. In the Feashbility Study,
it was necessary to assume the locations of sediment processng/trander facility(ies) in order to
develop conceptud engineering plans, andyze equipment requirements, and develop cost
edimates for the remedid dternatives. For this purpose, two example locations were identified,
one a the northern end of the project area in the vicinity of the Old Moreau Landfill, and one at
the southern end of the project area near the Port of Albany. Each of these example locations
meets many of the desred engineering characteristics for such a facility to support the remedid
work and is representative of reasonable assumptions with regard to distance from the dredging
work and cost. Other locations, both within the Upper Hudson River vadley and father
downstream, are possible.

EPA will not determine the actud facility location(s) until after the Agency performs additiond
andyses, holds a public comment period on proposed locations, and considers public input in the
find dting decison. Thus dl information provided in this prdiminary wetlands assessment
reaive to potentiad impects of the sediment processng/trandfer fadlity(ies) on the environment
should be consdered representative and illudrative. Further specific assessment of and, as
necessary, mitigation of, potentia impacts will be addressed during design.

After condruction is completed, the sdected remedy relies on inditutiond controls such as fish
consumption advisories and fishing redrictions (athough perhgps in a modified form) and MNA
for resdua PCBs in dredged areas and the unremediated areas until the RAOs are achieved. A
review of dte conditions would be conducted a five-year intervas (after remediation), as
required by the Comprehensve Environmental Response, Compensation, and Liability Act
(CERCLA).

A separate source control action near its Hudson Fals plant is to be implemented by Ge under
an adminigrative order issued by NYSDEC, in order to address the continuing discharge of
PCBs from that facility.
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Effects of Selected Remedy on Wetlands

The sdected remedy is protective of human hedth and the environment. Risk is reduced through
remova of PCB-contaminated sediment in the river, followed by MNA. A principd benefit of
EPA's sdected remedy will be removd of a condderable sediment-bound contaminant mass
from the river. PCB-contaminated sediments removed from the Upper Hudson River no longer
will function as a source of contamination of Hudson River wetlands and SAV communities. As
removal work proceeds, the mass of PCBs avalable for transport during flood events into
wetlands bordering the river will diminish. In this context, the sdected remedy will have a
ggnificat pogtive effect, especidly during flood events when the potentid for sediment
resuspenson is greatest. Further, remova of PCB-contaminated sediments from the river will
greatly reduce the risk to ecological receptors resdent in Hudson River wetlands and in SAV
communities.

Based on andyss of NWI and NYSDEC wetlands mapping, approximately 1,460 acres of
wetlands occur in or contiguous to the Upper Hudson River. Forested wetlands predominate,
with emergent herbaceous wetlands, scrub-shrub wetlands, farmed wetlands, and mudflats aso
present. In addition, andysis of the GE SAV mapping indicates that an estimated 1,220 acres of
SAV occur in or contiguous to the Upper Hudson River.

Excavation of sediments located in the Hudson River will occur with implementation of the
sdected remedy, potentidly resulting in temporary, locdized disturbance to the wetlands and
SAV. Approximatey 2.65 million cubic yards of PCB-contaminated sediment will be excavated.
EPA proposss to place condderable fill in the river as a follow-up activity to dredging
operations. On average, an edimated 35 feat of sediments will be removed from in-river
dredging locetions, only 1 foot of backfill will be placed in non-channd (shod) aress. This will
result in an average 2.5-foot net lowering of the river bottom eevation of in-river remediaion
aess, incuding exiding SAV beds dfter dredging and beckfilling. Remediation aess
comprising emergent wetlands will be backfilled to pre-remediation grades.

Comparison of the wetland locations to anticipated locations of dredging operations (the exact
locations to be dredged will be determined during remedid design) indicates that no wetlands
will be directly impacted by remediaion activities, dthough the proposed operations will occur
in locations contiguous to approximately 129 acres of wetlands. Such contiguous wetlands are
Stuated adjacent to or near proposed dredging locations, but will not be dredged or backfilled
under the selected remedy.

The approximately 129 acres of wetlands contiguous to proposed dredging locations comprise
primarily forested (99 acres) and forested/scrub-shrub (25 acres) wetlands. An estimated 3 acres
of scrub-shrub wetlands and 2 acres of emergent herbaceous wetlands aso are located
contiguous to proposed dredging locations.

Thee edimates ae gpproximations of the anticipated wetland impacts only, as severd
inaccuracies are inherent in the impact assessment methodology used, specificaly:
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NWI and NYSDEC wetlands maps show only the generd configuration, location,
and type of wetlands found within a given area of coverage. Because the maps are
limited in precison by ther scde and the identification method used, the
boundaries of wetlands may need to be more precisdy determined in the field.

NYSDEC wetlands maps delimit only freshwater wetlands that are 12.4 acres in
gze or lager, and those smdler wetlands that are of unusua loca importance
(NYSDEC, 1986). Therefore, some Upper Hudson River wetlands that are
gndler than 124 acres and are not of unusua locd importance may not be

mapped.

Subgtantial  differences in scae occur between NWI maps, NYSDEC freshwater
wetlands maps, the remediation plans, and other sources of mapped data, resulting
in inaccuracies in overlaying the various data sources.

Mapped data was not fied-verified for this anadyss (dthough fidd deinegtion of
habitats will be undertaken during remedid design).

To define the extent of wetlands in the remediation area and to enable the avoidance or
minimization of impacts to contiguous wetlands, wetlands in and contiguous to the remediation
areawill be fidd-delineated during remedid design.

Based on comparison of the GE SAV maps and the proposed locations of dredging operations,
an estimated 177 acres of SAV will be directly impacted by dredging. An additiona 46 acres of
SAV are contiguous to areas proposed for dredging.

River modification by dredging and beckfilling will result in changes to the sediment supply and
channel morphology, which in tun may lead to rivelbed and riverbank eroson and
sedimentation. The resulting ingability could further impact wetlands and SAV. In addition, the
resugpenson of sediments during dredging and backfilling could indirectly impact SAV
communities by reducing light penetration through the waer column, thereby potentidly
impacting SAV growth and reproduction. However, if ggnificant riverbed and river bank
ingtability or sediment resuspenson were to occur during or following remediation, such effects
will be temporary and locdlized, dthough their actua duration and extent cannot be predicted
accurately.

Another aspect of the sdected remedy that potentidly could impact wetlands is congtruction of
sediment processing/trandfer facility(ies), particulaly a new whaf or dock to faclitate unloading
sediment-laden barges. EPA would prefer to construct these operations at locations where wharf
fecilities dready exist. However, in the event that is not possble, a whaf will need to be
congtructed a the river's edge to recelve loaded barges. The discharge of water from the
fecility(ies) will comply with dl subgtantive state and federd requirements.

Since the sediment processing/transfer facility(ies) Ste(s) have not been sdected at this Sage, it
would be speculative to proceed further with assessng the impacts of their congruction or
operation on wetlands. Wetlands on the potentid dtes of the sediment processng/transfer
facility(ies) will be assessed during remedia design and considered in the Siting process.
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Description of the Alternatives Considered and Their Effects on Wetlands and SAV

In addition to the selected remedy (designated REM 3/10/Sdlect - Remova followed by MNA,
with Upsiream Source Control), the following four remedia dternatives were consdered in the
December 2000 Feasibility Study:

No Action (no Upstream Source Control) — The No Action Alterndtive consss
of refraining from the active gpplication of any remediation technology to Upper
Hudson River sediments and does not assume any source control action near the
GE Hudson Fdls plant, any adminidrative actions, nor any monitoring. A review
of dte conditions would be conducted a five-year intervas, as required by
CERCLA.

Monitored Natural Attenuation (MNA) with Upstream Source Control — The
MNA Alternative relies on naturdly occurring atenuation processes to reduce the
concentrations of PCBs in the Upper Hudson River sediments and surface water,
and assumes a separate source control action near the GE Hudson Fals plant.
Long-term monitoring would be conducted in sediments, in the water column, and
in fish to confirm that contaminant reduction is occurring and that the reduction is
achieving RAOs. Inditutiond controls would be implemented as long-term
control measures as pat of the MNA Alternaiive. A review of dte conditions
would be conducted at five-year intervas, asrequired by CERCLA.

CAP-3/10/Select - Capping, with Removal to Accommodate Cap, followed by
MNA, with Upstream Source Control — This dternative includes remediation
by capping (after remova of more than 1.73 million cubic yards, in areas tha
either cannot be capped [navigation channds] or that require sediment remova to
dlow for placement of the cap) of sediments with an MPA of 3 g/in? PCBs or
gredter in River Section 1, sediments with an MPA of 10 g/n? PCBs or grester in
River Section 2, and sdected sediments within high concentration PCB target
aress in River Section 3 (NYSDEC hot spots 36, 37, and the southern portion of
39). This dternative dso includes sediment remova in the navigation channd as
necessary to dlow for implementation of the remediation and dlow normd boat
traffic during remediation. This aternative assumes a sgparate source control
action ner the GE Hudson Fdls plant. After congruction is completed, this
dternative rdlies on MNA and on inditutiond controls such as fish consumption
advisories and fishing redrictions until the RAOs are achieved. This dternative
may aso require redrictions on activities that could compromise the integrity of
the cap. A review of dte conditions would be conducted a five-year intervals, as
required by CERCLA.

REM -0/0/3 - Removal followed by MNA with Upstream Source Control —
This dterndive includes full section remediation by remova in River Sections 1
and 2, and remova of sediments with an MPA of 3 g/n? PCBs or greater in River
Section 3. This dterndive dso includes sediment remova in the navigation
channd as necessry to dlow for the implementation of the remediation. The
volume of sediments that would be removed under this dternative is estimated to
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be 3.82 million cubic yards, which is estimated to contain more than 84,000 kg
(185,000 Ibs) of totd PCBs. This dternative assumes a separate source control
action near the GE Hudson Fdls plant. After congruction is completed, this
dternative rdlies on MNA and on inditutiond controls such as fish consumption
advisories and fishing redrictions until the RAOs are achieved. A review of dSte
conditions would be conducted at five-year intervas, as required by CERCLA.

The No Action Alternative and the MNA Alternative do not entail excavation of contaminated
sediments. The former does not include any physica remedid measures, and the latter relies on
natura atenuation and a separae source control action only. Under both dternatives,
contamination currently in the Upper Hudson River sediments would remain in place and reman
a potential source for contamination of Hudson River wetland and SAV ecological communities.
The No Action Alternative would not be protective of human hedth and the Hudson River
environment. Although the MNA Alternative would include a separate source control action, it
would not mitigate the ongoing negative effect the contaminated sediments are having on the
wetland and SAV communities

Implementation of the sdected remedy, the CAP-3/10/Sdect Alternative, or the REM-0/0/3
Alternative would entall excavation of Upper Hudson River sediments resulting in temporary
disgurbance to wetlands and SAV communities. Approximady 1.73 million and 3.82 million
cubic yards of PCB-contaminated sediment would be excavated under the CAP-3/10/Select and
REM-0/0/3 Alternatives, respectively. CAP-3/10/Sdect dso would entall the capping of 207
acres of contaminated sediments. Like the sdected remedy, the CAP-3/10/Sdlect and REM-0/0/3
Alternatives, by removing PCB-contaminated sediments from the Upper Hudson River, would
be protective of human hedlth, the wetlands, and SAV communities.

EPA has determined that there is no practicable dternative that is protective of the environment
that would not result in excavaion of PCB-contaminated sediments. Implementation of the
sdected remedy will greatly reduce the levels of PCB contamination in Hudson River sediments,
and will result in subgtantia reductions in human health and ecologicd risks a the Site.

Measures to Mitigate Potential Harm to Wetlands and SAV if there is No Practicable
Alternativeto Locating in or Affecting Wetlandsand SAV

The following mitigation measures will be undertaken to reduce potentid impacts wetlands and
SAV communities:

EPA will employ measures to control resuspension and downstream migration of
PCBs during remediation, including sediment bariers (e.g., dlt curtans) and
operationa controls, in order to minimize potentiad impacts to wetlands and SAV
communities from resuspended PCB-laden sediments.

At times when high winds or drong river currents impede maintenance of
adequate control, in-river operations, paticulally dredging, will be temporarily
hdted until the river returns to more typicd discharge levels. Should it prove
necessary to hat work because of high river flows, the dredges, barges, and other
inriver  equipment will be secured ether a sediment processng/transfer
facility(ies) or a mooring points congtructed a suitable locationsin theriver.
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A habitat replacement program will be implemented in an adgptive management
framework to replace SAV communities, wetlands, and riverbank habitat. The
program will integrate implementation of habitat replacement actions, monitoring,
and evaudion to ensure the effectiveness of the habitat replacement actions and
the success of the overdl program relative to specified replacement objectives.
The replaced wetlands and SAV communities will be desgned to provide severd
functions and vaues <specificdly, wildlife habitat, flood control, and waeter
quaity improvement, a leves equivdent to those currently provided by the
exising communities

A shordine dabilization program will be implemented. The protection of the
shoreline can be achieved usng severd techniques, depending on the potentia for
eroson a a particular location. Protecting the shore by restoring the vegetation is
the preferred solution; however, bioengineering solutions or Sructural measures
such as rip-rap may be required a sdected locations to prevent further
degradation of the shoreline.

To define the extent of wetlands in the remediation area and to enable the
avoidance or minimization of impacts to contiguous wetlands, wetlands in and
contiguous to the remediation areawill be field ddinested during remediad design.

During remedid desgn, EPA will consder in detal the need to minimize
encroachments or impacts to wetlands in the vicnity of the sediment
processing/trandfer  facility(ies). A wetlands ddineation will be conducted to
determine the extent of wetlands so that impacts can be avoided or minimized
during the design of the sediment processing/trandfer facility(ies).

If it is determined tha there will be wetland impects resulting from the
congdruction and operdtion of the sediment processng/trandfer facility(ies) that
cannot be avoided or further minimized, compensatory wetland mitigation will be
implemented (as agreed upon by EPA, USACE, the federal trustees, and the
NYSDEC). The god of any compensatory mitigation will be to fully compensate
for (replace) wetland acreage and al functions and benefits lost as a result of the
congtruction and operation of the facility(ies).

Conclusion

The sediments in the Upper Hudson River reach are contaminated with PCBs at leves that are
harmful to human hedth and ecologicd receptors. The sdected remedy will result in excavetion
of these contaminated sediments usng environmental dredging, backfilling of some of the
dredged areas, and trangportation of the excavated sediments to off-site, permitted disposal
fadlities outsde the Hudson River valey. For some of the dredged sedimerts, a beneficid use
may be aranged (i.e.,, used for the manufacture of higher-value commercid products). Wetlands
and SAV communities impacted by remedidgion operations will be replaced through
implementation of a comprehensive habitat replacement program.
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EPA has determined that:

There is no practicable dternative to excavation of Upper Hudson River
sediments and the resulting impacts to wetlands and SAV communities.

Measures will be incorporated into the remedid design to reduce any temporary
impacts to wetlands and SAV communities during implementation of the remedy.
Long-term postive effects to the natural and beneficid vaue of wetlands and
SAV communities will result from implementation of the selected remedy.

Reference

New York State Department of Environmenta Conservation (NY SDEC). April 1986. New York
State Freshwater Wetlands Mapping, Technicd Methods Statement. Technical report, Divison
of Fish and Wildlife.
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APPENDIX B

HUDSON RIVER PCBs SUPERFUND SITE
NEW YORK
PRELIMINARY FLOODPLAINS ASSESSMENT

The sediments and water in the Hudson River are contaminated with polychlorinated biphenyls
(PCBs) from discharges originating from two Generd Electric Company (GE) capacitor
manufecturing plants. The Hudson River PCBs Superfund Ste extends nearly 200 river miles
from Hudson Fdls to the Baitery in New York City. Many PCBs reman concentrated in hot
gpots in the sediments of the Upper Hudson River portion of the dte, an gpproximately 40-mile
reach of the river in Washington, Saratoga, Albany, and Renssdaer Counties, from Hudson Fals
to Troy. The sdected remedy involves sediment of the Upper Hudson River and this portion of
the river is the focus of this assessmert.

The Nationa Flood Insurance Program (NFIP) Flood Insurance Rate Maps (FIRMS) depict the
100-year floodplains for the Upper Hudson River and tributaries. The width of the 100-year
floodplain ranges from approximately 400 feet to over 5000 feet a places dong the Upper
Hudson River. The extent of the 500-year floodplain beyond the 100-year floodplain varies.
Where the topography is flat, the 500-year floodplain can extend severa hundred feet beyond the
boundary of the 100-year floodplain, whereas in areas where the floodplain is topographicaly
congtrained, the boundaries of the 100-year and 500-year floodplains may coincide.

Description of the Selected Remedy

The remedid action objectives (RAOs) edtablished for the Hudson River PCBs Superfund Ste
areto:

Reduce the cancer risks and non-cancer hedlth hazards for people egting fish from
the Hudson River by reducing the concentration of PCBsin fish.

Reduce the risks to ecologicd receptors by reducing the concentration of PCBs in
fish.

Reduce PCB levels in sediments to reduce concentrations in river (surface) water
that are above gpplicable or relevant and appropriate requirements (ARARS).

Reduce the inventory (mass) of PCBs in sediments tha ae or may be
bicavailable.

Minimize the long-term downstream transport of PCBsin theriver.

As documented in the Record of Decison for the Hudson River PCBs Superfund Site, the mgor
components of the salected remedy comprise the following:

Remova of sediments based primarily on a mass per unit area (MPA) standard of
3 gm 2 Tri+ PCBs' or grester (gpproximady 1.56 million cubic yards of

! “Tri+ PCBs’ are PCB molecules with three or more chlorine atoms.
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sediments) from River Section 1 (former Fort Edward Dam to Thompson Idand
Dam).
Remova of sediments based primaily on an MPA of 10 g/m 2 Tri+ PCBs or
greater (gpproximately 0.58 million cubic yards of sediments) from River Section
2 (below Thomson Idand Dam to Northumberland Dam).
Remova of sdected sediments with high concentrations of PCBs and high
erosond potentiad (New York State Department of Environmentad Conservation
[NYSDEC] hot spots 36, 37, and the southern portion of 39) (approximately 0.51
million cubic yards) from River Section 3 (beow Northumberland Dam to
Federd Dam at Troy).
Dredging of the navigation channe, as necessary, to implement the remedy and to
avoid hindering cand traffic during implementation. Approximately 341,000
cubic yards of sediments will be removed from the navigation channd (included
in volume estimates in the preceding three components, above).
Removad of dl PCB-contaminated sediments within areas targeted for
remediation, with an anticipated residud of agpproximady 1 mgkg Tri+ PCBs
(prior to backfilling).
A phasaed gpproach whereby remedid dredging will occur a a reduced rate during
the fird year of dredging. This will alow comparison of operations with pre-
edablished peformance criteria and evaluation of necessary adjustments to
dredging operations in the succeeding phase or to the criteria.
Backfill of dredged areas with approximately one foot of clean materid to isolate
resdual PCB contamination and to expedite habitat recovery, where gppropriate.
Use of ral or barge for trangportation of clean backfill materids within the Upper
Hudson River area.
Monitored Natura Attenuation (MNA) of PCB contamingtion that remains in the
dredging resdud and in unremediated areasin theriver.
Use of enironmenta dredging techniques that will minimize and control
resuspension of sediments during dredging.
Trangport of dredged sediments via barge or pipdine to  sediment
processing/transfer facility(ies) for dewatering and stabilization.
Ral (or possbly barge) transport of dewatered, dabilized sediments to the
appropriate licensed off-gte landfill(s) for disposa. If a beneficid use of some
portion of the dredged materia is arranged, then an appropriate transportation
method will be determined (rail, truck, or barge).
Monitoring of fish, water, and sediment to determine when Remediation Goals
are reached.

- Implementation (or modification) of gppropriate institutiond controls such as fish
consumption advisories and fishing redrictions by the responsble authorities,
until relevant remediation gods are met.

The sdected remedy is expected to remove a total of 2.65 million cubic yards of contaminated
sediment containing approximately 70,000 kg (about 150,000 Ibs) of tota PCBs from the Upper
Hudson River. Remedid dredging will be conducted in two phases. The firg phase will be the
fird condruction season of remedid dredging. The dredging during that year will be
implemented initidly a less then full scde operdtion. It will incude an extensve monitoring
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program of dl operations, whereby the monitoring data will be compared to performance criteria
developed during the remedid desgn in consultation with the dSate, other naturd resource
trusees, and the public. Peformance criteria will address (but may not be limited to)
resuspension rates during dredging, production rates, resduds after dredging or dredging with
backfill as appropriate, and community impects (e.g., noise, air qudity, odor, navigation).

The information and experience gained during the firs phase of dredging will be used to
evduae and determine compliance with the performance criteria. Further, the data gathered will
enable EPA to determine whether adjustments are needed to operations in the succeeding phase
of dredging, or if performance criteria or the remedy as a whole need to be reevauated. EPA will
make the data, as well as its fina report evaluaing the work with respect to performance criteria,
available to the public.

EPA has not yet determined the locations of sediment processing/transfer facility(ies) necessary
to implement the sdected remedy. For purposes of the Feashility Study, example locations were
identified from an initid lig of candidate Stes based on screening-leve field observations which
conddered potentid facility locations from an engineering perspective. In the Feashbility Study,
it was necessary to assume the locations of sediment processing/transfer facility(ies) in order to
develop conceptud enginering plans, andyze equipment requirements, and develop cost
edimates for the remedid dternatives. For this purpose, two example locations were identified,
one a the northern end of the project area in the vicinity of the Old Moreau Landfill and one a
the southern end of the project area near the Port of Albany. Each of these example locations
meets many of the desred engineering characteristics for such a facility to support the remedid
work and is representative of reasonable assumptions with regard to distance from the dredging
work and cost. Other locations, both within the Upper Hudson River vdley and farther
downstream, are possible.

EPA will not determine the actud facility location(s) until after the Agency performs additiond
andyses, holds a public comment period on proposed locations, and considers public input in the
find dting decison. Thus, dl informaion provided in this prdiminary floodplan assessment
relative to potentid impacts of the sediment processng/trandfer facility(ies) on the environment
should be consdered representative and illudrative. Further specific assessment of and, as
necessary, mitigation of potential impacts will be addressed during design.

After condruction is completed, the sdlected remedy relies on inditutiond controls, such as fish
consumption advisories and fishing redrictions (dthough perhaps in a modified form), and MNA
for residua PCBs in dredged areas and the unremediated areas until the RAOs are achieved. A
review of dte conditions would be conducted a five-year intervas (after remediation), as
required by the Comprehensve Environmental Response, Compensation, and Liability Act
(CERCLA).

A separate source control action near its Hudson Fdls plant is to be implemented by GE under
an adminigrative order issued by NYSDEC, in order to address the continuing discharge of
PCBs from thet facility.

Appendix B - 3

Responsiveness Summary Hudson River PCBs Site Record of Decision



Effects of Selected Remedy on Floodplains

The odected remedy is protective of human hedth and the Hudson River floodplain
environment. Risk is reduced through remova of PCB-contaminated sediment, followed by
MNA. A principa benefit of EPA's sdlected remedy will be removd of a consderable sediment-
bound contaminant mass from the river. PCB-contaminated sediments removed from the Upper
Hudson River no longer will function as a potentiad source of contamination of the Hudson River
floodplan environment. As remova work proceeds, the mass of PCBs avalable to be
trangported during flood events into the floodplains will diminish. In this context, the sdected
remedy will have a dgnificant postive effect, especidly during flood events when the potentid
for sediment resuspenson is greastest. Further, remova of PCB-contaminated sediments will
greatly reduce the risk to ecologica receptors resdent in the Hudson River floodplain.

Excavaion of sediments located in the Upper Hudson River will occur with implementation of
the sdected remedy, potentidly resulting in temporary, locdized disturbance to the floodplain.
Approximatdy 2.65 million cubic yards of PCB-contaminated sediment will be excavated. EPA
proposes to place congderable fill in the river as a follow-up activity to dredging operaions. On
average, an edimated 3.5 feet of sediments will be removed from in-river dredging locations,
only 1 foot of backfill will be placed in nonchannd (shod) aress. This will result in an average
2.5-foot net lowering of the river bottom eevation of in-river remediation areas after dredging
and backfilling.

Remediation areas comprisng emergent wetlands will be backfilled to pre-remediation grades.
The volume of fill materid will only be a fraction of that removed by the dredging operaions.
Dredged areas between the shoreline and water depths of 12 feet, excluding emergent wetlands,
will be partidly backfilled with an esimaed 0.8 million cubic yards of fill materid, to limit the
remobilization of resdud PCB contaminants and to expedite habitat recovery. Thus EPA will
remove consderably more maerid from the river bottom than it will place as fill. Furthermore,
in the context of the Hudson River being a series of impounded pools, backfilling, as proposed,
will not utilize the river's active storage capecity. For both these reasons, it is not expected that
backfilling will exacerbate conditions during flood events No permanent impact (podtive or
negative) to the capacity of the floodplain to carry flood flows will result from implementation of
the selected remedly.

River modification by dredging and backfilling will result in changes to the sediment supply and
channd morphology, which in tun may lead to rivelbed and riverbank eroson and
sedimentation. If dgnificant river bottom and bank ingtability were to occur during or following
remediation, such effects will be temporay and locdized, dthough their actud duration and
extent cannot be predicted accurately.

An aspect of the sdected remedy tha potentidly involves placement of fill in the river's
floodplain is condruction of sediment processng/trander facility(ies), paticulaly a new wharf
or dock to fadlitate unloading sediment-laden barges. It is likdy that the sediment
processing/transfer facility(ies) required for the remedy will need to be located in the floodplan,
given the need for the facility(ies) to have direct access to the river. EPA would prefer to
congruct these operations a locations where wharf facilities dready exis. However, in the event
that is not possble, a wharf will need to be congructed at the river's edge to receive loaded
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barges. One type of sructure that may be used is a pile-supported deck, which would involve
placement of little fill materid. However, the find sdection of wharf dructure will depend on
subsurface conditions at the trandfer site as well as on the loads the structure will need to carry.

The sediment processing/trandfer facility(ies) will be designed to treat the dredged materid on a
continuous basis. For the mechanica dredging option, a temporary staging area will be used to
handle the dabilized (i.e.,, mixed with Portland cement or other dabilizing agent) dredged
materid prior to transport of the stabilized materid to a ralcar loading area. For the hydraulic
dredging option, a covered surge tank will be provided for flow and concentration equdization.
The sediment processing/trandfer facility(ies) will not have any short-term or long-term storage
cgpability. The discharge of water from the sediment processngtranster facility(ies) will comply
with dl subgtantive state and federa requirements.

Since the sediment processing/transfer facility dte(s) have not been sdected a this dage, it
would be speculative to proceed further with assessng the impacts of their condruction or
operation on floodplains. EPA is aware of the need to minimize encroachments or impacts within
floodplains and will consder the matter in detail during remedia design.

Description of the Alter natives Considered and their Effects on Floodplains

In addition to the sdected remedy (designated REM 3/10/Sdlect - Remova followed by MNA,
with Upstream Source Contral), the following four remedid dterndtives were consdered in the
December 2000 Feasibility Study:

No Action (no Upstream Source Control) — The No Action Alternative congsts
of refraining from the active gpplication of any remediation technology to Upper
Hudson River sediments and does not assume any source control action near the
GE Hudson Fdls plant, any adminidrative actions, nor any monitoring. A review
of dte conditions would be conducted a five-year intervas, as required by
CERCLA.

Monitored Natural Attenuation (MNA) with Upstream Source Control — The
MNA Alternative rdies on naturaly occurring attenuation processes to reduce the
concentrations of PCBs in the Upper Hudson River sediments and surface water,
and assumes a separate source control action near the GE Hudson Fdls plant.
Long-term monitoring would be conducted in sediments, in the water column, and
in fish to confirm tha contaminant reduction is occurring and that the reduction is
achieving RAOs. Inditutiond controls would be implemented as long-term
control measures as pat of the MNA Alternative. A review of dte conditions
would be conducted at five-year intervas, asrequired by CERCLA.

CAP-3/10/Select - Capping, with Removal to Accommodate Cap, followed by
MNA, with Upstream Source Control — This dternative includes remediation
by capping (after remova of more than 1.73 million cubic yards, in aress that
either cannot be capped [navigation channds| or that require sediment remova to
dlow for placement of the cap) of sediments with an MPA of 3 g/n? PCBs or
greater in River Section 1, sediments with an MPA of 10 g/n? PCBs or grester in
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River Section 2, and sdected sediments within high concentration PCB target
aress in River Section 3 (NYSDEC hot spots 36, 37, and the southern portion of
39). This dternative dso indudes sediment removd in the navigation channd as
necessty to dlow for implementation of the remediation and dlow norma boat
traffic during remedigtion. This dternative assumes a separate source control
action near the GE Hudson Fdls plant. After congruction is completed, this
dterndive reies on MNA and on inditutiond controls such as fish consumption
advisories and fishing redrictions until the RAOs are achieved. This dternative
may aso require redrictions on activities that could compromise the integrity of
the cap. A review of dte conditions would be conducted a five-year intervas, as
required by CERCLA.

REM -0/0/3 - Removal followed by MNA, with Upstream Source Control —
This dterndive includes full section remediation by removd in River Sections 1
and 2, and remova of sediments with an MPA of 3 g/n? PCBs or gregter in River
Section 3. This dterndive dso indudes sediment removd in the navigetion
channd as necessty to dlow for the implementation of the remediation. The
volume of sediments that would be removed under this dternative is estimated to
be 3.82 million cubic yards, which is estimated to contain more than 84,000 kg
(185,000 Ibs) of tota PCBs. This aternative assumes a separate source control
action near the GE Hudson Fdls plant. After condruction is completed, this
dternative relies on MNA and on inditutiond controls such as fish consumption
advisories and fishing redrictions until the RAOs are achieved. A review of dte
conditions would be conducted &t five-year intervas, as required by CERCLA.

The No Action Alternative and the MNA Alternative do not entall excavation of contaminated
sediments. The former does not include any physicd remedid measures, and the latter relies on
natural attenuation and a separate source control action only. Under both dternatives,
contamination currently in the Upper Hudson River sediments would remain in place and reman
a potentid source for contamination of Hudson River floodplan sediments and ecologica
communities. The No Action Alternative would not be protective of human hedth and the
Hudson River environment. Although the MNA Alternative would include a separate source
contral action, it would not mitigate the ongoing negative effect the contaminated sediments are
having on the floodplain environment.

Implementation of the sdected remedy, the CAP-3/10/Sdlect Alternative, or the REM-0/0/3
Alternative would entail excavaion of Upper Hudson River sediments, resulting in temporary
disturbance to the floodplain. Approximatdy 1.73 million and 3.82 million cubic yards of PCB-
contaminated sediment would be excavated under the CAP-3/10/Sdect and REM-0/0/3
Alternatives, respectively. The CAP-3/10/Sdect aso would entall the capping of 207 acres of
contaminated sediments. Like the sdected remedy, the CAP-3/10/Sdect and REM-0/0/3
Alternatives, by removing PCB-contaminated sediments from the Upper Hudson River, would
be protective of human heath and the floodplain environment.

EPA has determined that there is no practicable dternative that is protective of the environment
that would not result in excavaion of PCB-contaminated sediments. Implementation of the
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sdlected remedy will greetly reduce the levels of PCB contaminaion in Hudson River sediments,
and will result in subgtantia reductions in human hedlth and ecologicd risks & the Site.

Measures to Mitigate Potential Harm to the Floodplain if there is No Practicable
Alternativeto Locating in or Affecting Floodplains

The sdected remedy entails excavaion of PCB-contaminated sediments within a 40-mile reach
of the Upper Hudson River that have been determined to pose a threat to human hedth and
ecologica receptors. Rather than harming the floodplain, the implementation of the sdected
remedy will reduce the levels of PCB contamination in Hudson River floodplain sediments.

The following mitigation measures will be underteken to reduce potentia impacts on the
floodplain, as well as to reduce the potentia that a low-frequency flood event could disable the
remedy or cause contamination to pread during implementation of the remedy:

EPA will employ measures to control resuspenson and downdream migration of
PCBs during remediation, including sediment bariers (e.g., it curtans) and
operationad controls, in order to minimize potentid impacts to the floodplains
from resuspended PCB-laden sediments.

At times when high winds or drong river currents impede maintenance of
adegquate control, in-river operdions, paticularly dredging, will be temporarily
hated until the river returns to more typicd discharge levels. Should it prove
necessary to halt work because of high river flows, the dredges, barges, and other
inriver  equipment will be secured ether a sediment processng/transfer
facility(ies) or & mooring points constructed at suitable locations in theriver.

A dhordine dabilization program will be implemented. The protection of the
shoreline can be achieved usng severa techniques depending on the potentiad for
eroson a a particular location. Protecting the shore by restoring the vegetation is
the preferred solution; however, bioengineering solutions or structurd measures
such as rip-rap may be required a sdected locations to prevent further
degradation of the shoreline.

A habitat replacement program will be implemented in an adgptive management
framework to replace SAV communities, wetlands, and riverbank habitat. The
program will integrate implementation of habitat replacement actions, monitoring,
and evaudion to ensure the effectiveness of the habitat replacement actions and
the success of the overdl program rdative to specified replacement objectives.
The replaced wetlands and SAV communities will be designed to provide severd
functions and vaues gpecificaly, wildlife hebitat, flood control, and weter
quaity improvement a levels equivdent to those currently provided by the
exiging communities.

Conclusion

The sediments in the Upper Hudson River are contaminated with PCBs at levels that are harmful
to human hedth and ecologica receptors. The sdected remedy will result in excavation of these
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contaminated sediments usng environmenta dredging, backfilling of some of the dredged aress,
and trangportation of the excavated sediments to off-gte, permitted disposal facilities outside the
Hudson River Valey. For some of the dredged sediments, a beneficid use may be arranged (.e.,
used for the manufacture of higher-vaue commercid products). No permanent impact to the
capacity of the floodplain to carry flood flows will result from implementation of the sdected

remedy. As a result of remediation, the mass of PCBs available for transport nto the floodplains
during flood events will diminigh.

EPA has determined that:

There is no practicable dternative to excavation of Upper Hudson River
sediments.

Measures will be incorporated into the remedid design to reduce any temporary
impacts to the floodplain during implementation of the remedly.

Long-term pogtive effects to the naurd and beneficid vaue of Hudson River
floodplains will result from implementation of the selected remedy.
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APPENDIX C

STAGE 1A CULTURAL RESOURCES SURVEY
ABSTRACT

The US Environmenta Protection Agency (EPA) has prepared this Stage |A Cultural Resources
Survey to meet the objective of initiating compliance with Section 106 of the Nationd Higtoric
Preservation Act (NHPA) (36 CFR Part 800) in conjunction with the Upper Hudson River PCBs
Superfund Site remediation project. The report has Sx principa gods:

Provide the regulatory framework and introduce the fundamenta principds of both the
Section 106 compliance process and Nationd Regigter digibility congderations,

Outline the five dternatives devised to remediate the Upper Hudson River PCBs
Superfund Site, including EPA’ s selected remedy;

Provide background information on the environmenta setting, prehistory, and history of
the project area and region;

Describe previous cultura resource studies and types of known resources in the Area of
Potentid Effect (APE) established for the project;

Provide a prdiminary discusson of the effects of the sdected remedy on previoudy
identified archaeologicd and architecturd resources, and

Outline future steps that may be taken by EPA as the Section 106 process progresses.

This Stage IA Cultural Resources Survey concluded that under 36 CFR Part 800, the selected
remedy may potentidly affect 14 previoudy identified archaeologicd dtes and eght identified
Nationad Regiger-lised or digible resources. EPA will try to avoid Adverse Effects during the
remedid desgn phese while maintaning the effectiveness of the remediaion. If avoidance
through redesign of the dredging process in those areas is not feadble, dternative appropriate
mitigative strategies would be implemented.

During the remedid desgn phase, EPA may conduct additiond culturd resource surveys in
compliance with Section 106. These surveys would be desgned to identify as yet unmapped
Nationd Regiger-digible resources, previoudy surveyed but unevauated architectural resources
and potential archaeologicd and architecturd resources in aress that have not been previoudy
surveyed, but that may be effected by the sdected remedy. Effects to these resources and
potentiad mitigation strategies would be explored as a future step in the Section 106 process, and
would build upon the information presented in this basdine assessment of the Upper Hudson
River APE.

This Stage 1A Culturd Resources Survey was prepared by a team of architecturd historians and
archaeologists. The team was led by a registered professiond archaeologist as defined by Federal
Register, 36 CFR Part 61. See also 48 Fed Reg 44716-42 (September 29, 1983).
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1. INTRODUCTION

EPA has sdected a remedy for the remediation of the Upper Hudson River portion of the Hudson
River PCBs Superfund Site. This remedy will involve dredging portions of the Upper Hudson
River to remove sediments with eevated concentrations of PCBs. This Stage IA Cultural
Resources Survey has been prepared to initiate compliance with Section 106 of the Nationd
Historic Preservation Act in conjunction with the Hudson River PCBs remediation project.

1.1  SiteDescription

The Hudson River flows in a generdly southerly direction gpproximady 315 miles from its
source at Lake Tear-of-the-Clouds on Mount Marcy in the Adirondack Mountains to the Battery
in New York City. The Hudson River PCBs Superfund Ste extends nearly 200 river miles from
the Fenimore Bridge in Hudson Fdls (River Mile [RM] 197.3) to the Battery in New York City.
The Superfund Site is divided into the Upper and Lower Hudson Rivers, based on physicd and
chemica characteristics.

The Upper Hudson River portion of the Superfund Site is the subject of this report and extends
from the Fenimore Bridge to the Federd Dam a Green Idand in Troy, a distance of about 43
river miles (Figure C.1-1, Overview of Upper Hudson River Glen Fdls to Federd Dam). Within
the Superfund Site, the river is candized and equipped with eight dams with locks that form a
series of pools. The dams and locks are associated with the 60-mile-long Champlain Barge Cand
that extends from Waterford (RM 158) to Whitehdl a the southern end of Lake Champlain.
Within the Upper Hudson, these dams, in addition to other environmental factors, control river
flow.

The Upper Hudson is further divided into three sections to evduate remedid dternatives (Figure
C.1-1). River Section 1 contains the Thompson Idand Pool and extends 6.3 miles from the
former Fort Edward Dam (RM 194.8) to the Thompson Idand Dam at RM 188.5. The 2.5 miles
upstream of the former Fort Edward Dam extending to the Fenimore Bridge are not a mgor
focus of the sdected remedy because the area contains little sediment and the shordine PCB
contamination (i.e., the remnant deposits) has largely been addressed.

River Section 2 extends about 5.1 river miles from the Thompson Idand Dam to the
Northumberland Dam, near Lock 5 of the Champlan Bage Cand a Schuyleville River
Section 3 extends about 29.5 river miles from below the Northumberland Dam to the Federd
Dam a Troy.

The Hudson River between Fort Edward and Schuylerville (except for the region between the
dams a Thompson Idand and Fort Miller where the river is bypassed by a land cut) is part of the
Champlan Cand that links the tidd Hudson River and the Erie Cand with Lake Champlan.
This cand was dredged prior to about 1917 to provide a channd with a width of 200 feet and a
depth of 12 feet. Dredging has continued in portions of the river to counteract sedimentation,
including that associated with river floods in 1974 and 1976.
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1.2  SiteHistory

During World War 11, Generd Electric Company (GE) established a plant in Fort Edward and, at
the concluson of the war, purchased and converted a paper mill in Hudson Fdls for production
of dectricd components. From the 1940s until 1977, GE used PCBs in the manufacture of
electricd cepacitors a both facilities. Excess PCB oils were discharged both directly and
indirectly into the Hudson River, especidly a the Hudson Fdls plant. Many of the PCBs
discharged to the river adhered to sediments and accumulated as they stled in an impounded
pool behind the Fort Edward Dam and other locations downstream. Because of its deteriorating
condition, the dam was removed in 1973, and during spring floods, PCB-contaminated sediments
were scoured and transported downstream.

In 1977, the manufacture and sde of PCBs within the US was generaly prohibited under
provisons of the Toxic Substances Control Act (TSCA). Although commercid uses of PCBs
ceased that year, PCBs from GE's Fort Edward and Hudson Fdls plants continued to
contaminate the Hudson River due to eroson of remnant deposits, PCB discharges via bedrock
fractures from the Hudson Fals plant, and eroson of contaminated deposits near the Fort
Edward plant.

In 1984, the dte was placed on the National Priorities Lig and that same year, the US
Environmenta Protection Agency (EPA) completed a Feashility Study (FS) and Record of
Decison (ROD) that recommended, among other things, an interim no action with regard to the
PCB-contaminated sediments in the Upper Hudson. In 1989, EPA announced a reassessment of
the interim No Action decison for the Upper Hudson River sediments in compliance with the
Comprehensive Environmentd Response, Compensation, and Liability Act (CERCLA) (&ka
Superfund) regulations and New York State regulations, and to address other issues. Phase 1 of
the Reassessment, conssting of a review of exising data, was completed in 1991. Phase 2,
consging of collection and andyss of new daa modding sudies and human hedth and
ecologica risk assessments, was completed in November 2000. Phase 3, the FS, was completed
in December 2000. This culturd resources document forms part of the Responsveness Summary
for the FS.

1.3 Goals of Remedial Action

The primary objective of the proposed action is to address the PCB-contaminated sediments in
the Upper Hudson River. Removd of the sediments will reduce PCB concentrations in fish
tissue, thereby ggnificantly reducing future human hedth and ecologicd risks. In addition, the
selected remedy assumes that a separate source control response action will be performed near
GE's Hudson Fals plant to control a continuing source of PCBs to the water column, which
contributes to PCB concentrations in fish tissue concentrations. This separate source control
action currently is being addressed pursuant to a consent order between the New York State
Department of Environmental Conservation (NY SDEC) and GE.
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14  General Objectivesand Organization of Document

EPA has prepared this Phase |IA Cultural Resources Assessment to meet the objective of
initiating substantive compliance with Section 106 of the National Historic Presarvation Act in
conjunction with the Hudson River PCBs remediation project. This gppendix is organized as
follows

Section 2 presents the regulatory framework for this effort and introduces the
fundamenta principles of both the Section 106 compliance process and Nationad Register
digibility consderations.

Section 3 outlines five dternaives conddered as options for remediating the PCB-
contaminated sediments, including EPA’ s selected remedy.

Section 4 provides background information on the environmental setting of the region.

Section 5 provides a prehigtoric and historic context for the region.

Section 6 details previous cultural resource studies and types of known resources in the
area of potential effect established for the project.

Section 7 provides a prdiminay discusson of effects on previoudy identified
archaeological and architectural resources.

Section 8 discusses future steps that may be taken by EPA as the Naturd Higtoric
Preservation Act Section 106 process progresses. In addition, three supplementa sections
a the end of this document contain tabulations of some of the data discussed in this
report.
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2.0 REGULATORY FRAMEWORK

EPA has prepared this Stage 1A Culturd Resources Survey for the Hudson River PCBs
Responsveness Summary (RS) in partid compliance with its higtoric preservation obligetions
reated to the remediation of PCB-contaminated sediments in the Upper Hudson River portion of
the Hudson River PCBs Superfund Site.

2.1 Applicable Statutes and Regulations

Severd federd and dae laws, executive orders, and regulations require that cultura resources
gther liged in the Nationd Regiger of Hidoric Places or meeting the digibility criteria for
liging in the Nationd Regider be identified, evauated, and consdered during federaly funded,
licensed, permitted, or approved undertakings, and those undertakings pursuant to state or loca
regulations administered pursuant to delegation or approva by a federd agency. Federd and
date statutes and regulations offering protection to cultural resourcesinclude:

The National Historic Preservation Act (NHPA).

Executive Order 11593, Protection and Enhancement of the Cultura Environment.
The Archaeologica Resources Protection Act (ARPA).

The Native American Graves Protection and Repatriation Act (NAGPRA).

The National Environmenta Policy Act (NEPA).

The New Y ork State Environmenta Qudity Review Act (SEQRA).

The New Y ork State Historic Preservation Act (SHPA).

As the remediation of the Upper Hudson River PCBs dte is an EPA action, the NHPA is
presently the most relevant statute. However, as EPA’s compliance process progresses, other
statutes and regulations may be triggered.

Section 106 of NHPA of 1966, as amended (16 USC 470 et seq.), provides that federal agencies
take into account the effects of their actions on any didrict, Ste, building, dsructure or object
liged in or digble for induson in, the Natiiond Regiger of Higoric Places. Implementing
regulations for Section 106, edtablished by the Advisory Council on Historic Preservation
(ACHP), are contained in 36 CFR Part 800, Protection of Historic Properties. These regulations
provide specific criteria for assesding the effects of federaly funded, licensed, permitted or
gpproved undertakings on historic properties, or undertakings subject to state or loca regulation
administered pursuant to approva by a federa agency, and identifying adverse effects on higoric

properties.

The Nationd Regiser of Historic Places edtablishes specific criteria for historic significance and
integrity to govern lising and digibility determingtions. The tables entitted Criteria for Higtoric
Sgnificance and Integrity Aspects Defined summarize, respectivey, digibility criteria and the
seven aspects of integrity that a resource must be evauaed for to be listed or digible for listing
in the Nationd Regider.

The effects of an undertaking on a cultura resource are predicted by evauaing the sgnificant
characterigtics of the resource, and the design and anticipated consequences of the undertaking.
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Effects to culturd resources ligted in, or digible for liging in, the Nationd Register are evduated
with regard to the Criteria of Adverse Effect set forth in 36 CFR 800.9 and summarized in the
table with that title, following the other two tables.

Criteria for Historic Significance

36 CFR 60.4, Part |

The quality of significance in American history, architecture, archaeology, engineering, and culture is
present in districts, sites, buildings, structures, and objects that possess integrity of location, design,
setting, materials, workmanship, feeling, and association and:

A. That are associated with events that have made a significant contribution to the broad patterns of our
history; or

B. That are associated with the lives of persons significant in our past; or

C. That embody the distinctive characteristics of a type, period, or method of construction, or that
represent the work of a master, or that possess high artistic values, or that represent a significant and
distinguishable entity whose components may lack individual distinction; or

D. That have yielded, or may be likely to yield, information important in prehistory or history.

6 CFR 60.4, Part Il

Ordinarily cemeteries, birthplaces, or graves of historical figures, properties owned by religious
institutions or used for religious purposes, structures that have been moved from their original locations,
reconstructed historic buildings, properties primarily commemorative in nature, and properties that have
achieved significance within the past 50 years shall not be considered eligible for the National Register.
However, such properties will qualify if they are integral parts of districts that do meet the criteria or if
they fall within the following categories:

A. A religious property deriving primary significance from architectural or artistic distinction or historical
importance; or

B. A building or structure removed from its original location but which is significant primarily for
architectural value, or which is the surviving structure most importantly associated with a historic person
or event; or

C. A birthplace or grave of ahistorical figure of outstanding importance if there is no appropriate site or
building directly associated with his productive life; or

D. A cemetery which derives its primary significance from graves or persons of transcendent
importance, from age, from distinctive design features, or from association with historic events; or

E. A reconstructed building when accurately executed in a suitable environment and presented in a
dignified manner as part of a restoration master plan, and when no other building o structure with the
same association has survived; or

F. A property primarily commemorative in intent if design, age, tradition, or symbolic value has invested
it with its own exceptional significance; or

G. A property achieving significance within the past 50 years if it is of exceptional importance.
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Integrity Aspects Defined

Aspect of Integrity Property Attributes

Location Must not have been moved.

Must retain historic elements that create the form, plan, space,
structure, and style of the property.

Setting Setting must retain its historic character.

Must retain the key exterior materials dating from the period of
its historic significance.

Methods of construction from its time of significance must be

Design

Materials

Workmanship

evident.
Feeling Physical features must convey its historic character.

Must be the actual place where a historic event or activity
Association occurred and must be sufficiently intact to convey that

relationship to an observer.
Source: US Department of the Interior, 1991.

Criteria of Adverse Effect

Criteria of Adverse Effect

“An adverse effect is found when an undertaking may alter, directly or indirectly, any of the
characteristics of a historic property that qualify the property for inclusion in the National Register in a
manner that would diminish the integrity of the property’s location, setting, materials, workmanship,
feeling, or association. Consideration shall be given to all qualifying characteristics of a historic
property, including those that may have keen identified subsequent to the original evaluation of the
property’s eligibility for the National Register. Adverse effects may include reasonably foreseeable
effects caused by the undertaking that may occur later in time, be farther removed in distance or be
cumulative” (36 CFR 800.5[a][1]).

Examples of Adverse Effect

“Adverse effects on historic properties include, but are not limited to:

1. Physical destruction of or damage to all or part of the property;

2. Alteration of a property, including restoration, rehabilitation, repair, maintenance, stabilization,
hazardous material remediation and provision of handicapped access, that is not consistent with the
Secretary’s Standards for the Treatment of Historic Properties (36 CFR Part 68) and applicable
guidelines;

3. Removal of the property from its historic location;

4.Change of the character of the property’s use or of physical features within the property’s setting that
contribute to its historic significance;

5. Introduction of visual, atmospheric or audible elements that diminish the integrity of the property’s
significant historic features;

6. Neglect of a property which causes its deterioration, except where such neglect and deterioration are
recognized qualities of a property of religious and cultural significance to an Indian tribe or Native
Hawaiian organization;

7. Transfer, lease, or sale of property out of Federal ownership or control without adequate and legally
enforceable restrictions or conditions to ensure long-term preservation of the property’s historic
significance” (36 CFR 800.5[a][2]).
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2.2  Survey Methods

As previoudy mentioned, this culturad resources survey has been prepared as a firsd step in the
EPA’s compliance with substantive requirements of Section 106 of the NHPA. For this project,
the federd undertaking is consdered remediation of PCB-contaminated sediments in the Upper
Hudson River. As the initid step in this compliance process, the primary goas established for
this assessment were to:

Edtablish an area of potential effect (APE).

Develop an environmenta, prehistoric, and historic context for the APE and region.

Conduct a basdine survey of previoudy identified culturd resources in the APE and
relevant preservation planning and compliance documentation.

Describe the sdected remedy and dternatives to a sufficient degree to enable a
preliminary assessment of effects and consgder additiond identification and evauation
efforts that EPA may conduct as the Section 106 process goes forward.

No fiedwork was conducted during the present survey and only a sngle information repostory
located within the project area was vidted as described below. All dte descriptions and
interpretations are based on primary and secondary sources of information. The following
subsections describe the methods involved with completion of this survey.

Area of Potential Effect

The Hudson River PCBs Superfund Site includes an agpproximate 40-mile portion of the Hudson
River extending from the former Fort Edward Dam to the Federd Dam a Troy. Its width is
defined as the shoreline when river water volume is a 8471 cubic feet per second (cfs). In
addition to dredging within this 40-mile portion of the river, dternaives developed for this
action dso consdered two example locations for sediment processing/trandfer facilities.

It is important to note that EPA has not yet determined the loceations of sediment
processing/trander facilities necessary to implement the sdected remedy. EPA will comply with
subgantive requirements of the NHPA in connection with the facility dting process For
purposes of the FS, example locations were identified from an initid list of candidate Stes based
on screening-level fidd observations which consdered potentid  facility locations from  an
enginegring perspective. In the FS, it was necessary to assume the locations of sediment
processng and transfer facilities in order to develop conceptuad enginering plans, andyze
equipment requirements, and develop cost estimates for the remedid dternatives. For this
purpose, two example locations were identified: one at the northern end of the project area in the
vicinity of the Old Moreau Landfill, and one a the southern end of the project area near the Port
of Albany. Each of thee example locaions fulfills many of the desred engineering
characterigtics for such a facility to support the remedid work and is representative of reasonable
bounding assumptions with regard to distance from the dredging work and cost. Other locations,
both within the Upper Hudson River valey and farther downsiream, are possible.

The example facility locations presented in the FS have dso been used in the Responsveness
Summary in order to clarify materid presented in the FS and Proposed Plan, and in connection
with additional moise, odor, and other analyses that were performed in order to respond to public
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comments. EPA will not determine the actud facility location(s) until after the Agency holds a
public comment period on proposed locations and consders public input in the find gting
decison. Thus, dl information provided in the Responsveness Summary redive to potentia
impacts of the sediment processng and transfer faciliies on communities, resdents, agriculture,
the environment, and busnesses should likewise be considered representative and illudtrative,
Further specific assessment of and, as necessary, mitigation of, potentid impacts will be
addressed during design once siting decisions have been findized.

In consultation with the NY State Higtoric Preservation Office (Kuhn, pers. comm, August 7,
2001), EPA edtablished an APE for the Stage 1A Cultura Resources Survey of the Upper
Hudson River remediation area of adequate geographic area to encompass dl reasonable direct
or indirect potential dterations by the undertaking to the character or use of cultural resources
and reflect the scde and nature of the undertaking. The Hudson River PCBs Superfund Site APE
extends gpproximately 50 miles dong the Hudson River from the southeastern edge of the City
of Glens Fdls, Waren County, through riverfront portions of Washington, Saratoga, and
Renssdlaer Counties, to the southern edge of the Port of Albany in the City of Albany, Albany
County. The APE dso includes a 2,000-foot-wide rip of land running dong the east and west
banks of theriver for the entire 50 miles (Figure C.2-1, Upper Hudson River APE).

This APE envelops the entire portion of the river to be impacted by dredging and includes
adjacent lands that could experience transportationrelated effects and that could theoreticaly
accommodate congtruction of a sediment processing/transfer facility.

Environmental, Prehistoric, and Historic Context

In compliance with Section 106, Chapters 4 and 5 of this document provide a description of the
environmenta  setting and a prehistoric and historic context for the Upper Hudson River region,
with specid emphass on communities dong the Hudson River in the five-county region between
the City of Albany north to the City of Glens Fdls including portions of Albany, Rensselagr,
Saratoga, Washington, and Warren counties. To compile this context, secondary source research
was conducted at the following repositories:

New York Public Library, New York, NY.

Columbia University, New York, NY.

New York University, New York, NY.

New York State Office of Parks, Recreation and Historic Preservation, Albany, NY .
Universty of Maryland, College Park, MD.

The office libraries of EPA’s consultants.

The environmenta setting presented in Section 4 focuses on the geologicd and environmentad
processes that have shaped the region and led to its being consdered an attractive settlement
location for thousands of years. The prehigtoric and historic context focus on the settlement
patterns, economic development, transportation, and maor events of historic importance to the
region from 10,000 years before present to present day, including highlights from the American
Revolution, the War of 1812, the industria revolution of the 19" century, World War 1, and the
post-World War 1l environment. The context provides a foundation to assst culturad resource
gpecidigs in understanding the archaeologicd potentid and the higoric built environment of the
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Upper Hudson as it changed over time, and functions as a stepping stone for subsequent cultura
resource studies that may be required as part of the Section 106 process.

Previoudy Identified Cultural Resources and Related Research

Data gathering was conducted a the New York Office of Parks, Recreation and Higtoric
Presarvation, aso known as the New York State Higtoric Preservation Office (NYSHPO), to
collect basdine information regarding previoudy identified culturd resources within the APE.
Thefollowing categories of information were surveyed at the NY SHPO:

Nationa Register-listed resources.

National Register-digible resources.

Previoudy identified but unevauated resources.
Compliance and preservation planning documentation.

Section 6 provides a discusson on and mapping of the location and nature of Nationd Regigter-
liged resources and previoudy identified but not evaluated archaeologica sStes within the APE.
The section dso provides information on the number of Nationd Regider-digible architectura
resources and surveyed but unevaluated architectura resources within the five counties flanking
the Upper Hudson River.

The NYSHPO maintains an dectronic database of dl Nationa Regiger-digible and surveyed
but unevaluated architectural resources that have been identified in the dtate. This database,
known as SPHINX, is organized by municipd civil divison (MCD) for each county. The
SPHINX database was queried for each of the 23 MCDs located within the Hudson River PCBs
APE, generating a lig of numerous resources. In light of the many identified resources, the fact
that the SPHINX database is not associated with a mapping system, and per the guidance of the
Assgtant Director of the NYSHPO (Kuhn, pers. comm., August 7, 2001), the location of each
specific resource was not determined for the present survey.

Archaeologica resources were identified through a review of the NYSHPO's gdte location maps.
Locationa information was manudly transcribed onto US  Geologicd  Survey  (USGS)
quadrangle sheets and then digitized for entry into a geologicd information sysem (GIS). The
gteinventory form for each identified archaeologica ste was aso reproduced.

The present survey only conddered previoudy identified culturd resources on record a the
NYSHPO. These resources condsted exclusvely of archaeological dtes and higtoric digtricts,
buildings, dructures, dtes, and objects. However, according to the Nationa Park Service,
traditiond culturd properties (TCPs) ae dso digible for incluson in the Nationd Regider if
they are associated with cultural practices or beliefs of a living community that (8) are rooted in
that community’s higory, and (b) are important in maintaining the continuing cultural identity of
the community (NPS, 1990). The term culture refers here to the traditions, bdiefs, practices,
lifedtyles arts, crafts, and socid inditutions of a community. Although it was beyond the scope
of this survey to evauae the APE for the presence of TCPs, Section 6 does provide a brief
discussion of the subject.
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Section 6 dso discusses the Hudson River itsdf as a ggnificant historic resource in the Upper
Hudson River APE. The river has been federdly desgnated an American Heritage River,
recognizing its unique place in American higory and culture and rendering it digible for
technicd assgance in achieving naura resource and environmental protection, economic
revitalization, and higtoric and cultura preservation.

Description of Alternatives and | mpacts of Selected Remedy

Also in compliance with Section 106, Section 3 of this culturd resources survey provides
information on the five adternatives conddered as options for remediating the PCB-contaminated
sediments in the Upper Hudson River, including the sdected remedy. In accordance with 36
CFR Pat 800, Section 7 prdiminarily assesses the effects of the sdlected remedy on known
Nationa Regider-liged and Nationa Regiger-digible resources within the APE, and proposes
preiminary recommendations to mitigate potentid adverse effects The effects discusson is an
initid assessment based on the sdlected remedy and cultura resource data collected to date.
During the remedid desgn process additiond identification and evauation efforts may be
conducted in compliance with Section 106 to evauate effects to dl higoricadly sgnificant
culturd resources within the APE.
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3.0 REMEDIAL ACTION ALTERNATIVES

3.1 Description of Alternatives

CERCLA mandates that remedid actions must be protective of human hedth and the
environment, cod-effective, and utilize permanent solutions and  dternative  trestment
technologies and resource recovery dternatives to the maximum extent practicable. The process
used to develop and screen appropriate technologies and dternatives to address the PCB-
contaminated sediments in the Upper Hudson River can be found in the FS. The technologies
that were carried forward after the initid screening are:

No Action (without upstream source control).

Monitored natura attenuation (MNA) (assuming upstream source control).
Capping (assuming upstream source control) followed by MNA.

Remova (assuming upstream source control) followed by MNA.

Each of these dternatives is described in detall with supporting graphics in the December 2000
FS and is avalale a  www.epagov-region02/superfund/hudson/fs000001.pdf.  These
dternatives are adso decribed in the ROD. The following subsections provide summary
information on each dternative.

No Action Alternative

The No Action dternative consgts of refraning from the active agpplication of any remediation
technology to sediments in dl three sections of the Upper Hudson River. The No Action
dternative also excludes any upstream source control action at the GE Hudson Fals plant, any
adminidrative actions, and any monitoring. As required by CERCLA, a review of Ste conditions
would be conducted at five-year intervas to reassess the long-term appropriateness of continued
No Action.

Under No Action, the release of PCBs from contaminated sediments into the surface water and
subsequently to the air, as well as the transport of PCBs from the Upper Hudson River over the
Feded Dam to the Lower Hudson River, will continue indefinitdy and thereby degrade the
environmen.

Monitored Natural Attenuation

The MNA Alternative relies on naturdly occurring attenuation processes to reduce the toxicity,
mohbility, and volume of the contaminants in the Upper Hudson River sediments and assumes a
Separate source control action near the GE Hudson Fals plant. Natural attenuation processes may
include  biodegradetion,  biotransformation,  bioturbation,  diffuson, dilution,  absorption,
volatilization, chemica reaction or dedtruction, resuspension, downsream transport, and burid
by cleen materid. Long-term monitoring would be conducted in sediments, in the water column,
and in fish to confirm that contamination reduction is occurring and that the reduction is
achieving remedia action objectives (RAOs).
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Ingtitutiona controls would be implemented as long-term control measures as part of the MNA
Alternative, including continuation of fish consumption advisories and fishing redrictions that
are currently in place. A review of dte conditions would be conducted a five-year intervas, as
required by CERCLA.

CAP 3/10/Sdlect Alternative

This dternative includes remediation by capping (after removd of more than 1.73 million cubic
yards, in areas that ether cannot be capped [navigaion channels] or that require sediment
removal to alow for placement of the cap) of sediments with mass per unit area (MPA) of 3 g/nt
PCBs or greater in River Sectionl, sediments with an MPA of 10 g/n? PCBs or greater in River
Section 2, and sdlected sediments within high concentration PCB target aress in River Section 3
(NYSDEC hot spots 36, 37, and the southern portion of 39). This dternative adso includes
sediment removd in the navigation channe as necessary to implement the remediation and dlow
norma boat traffic during remediation. The totd area of sediments to be remediated is 493 acres,
of which approximately 207 acres would be capped. It would take gpproximately 3 years to
desgn and 6 years to implement this remedia dternative. This dternative assumes a separate
source control action near the GE Hudson Fdls plant and aso relies on naturdly occurring
attenuation processes to reduce the toxicity, mobility, or volume of the remaining PCBs in the
Upper Hudson River sediments after the condruction is competed. A review of Ste conditions
would be conducted &t five-year intervas, as required by CERCLA.

Capping involves placement of an engineered low permesbility cgp on top of the PCB-
contaminated sediment, including a top layer of fill. The low permegbility cgp materid prevents
or retards the movement of contaminated porewater into the water column and minimizes
exposure of benthic organisms to the PCB-contaminated sediments. One containment option
would consst of usng AquaBlok™ (or Smilar material), a manufactured product consisting of a
composte of gravel particles encgpsulated in bentonite. When the product comes into contact
with water, the bentonite absorbs it and expands to form, with the sand and gravel, a continuous,
impervious mat. In the case of the Hudson River remediation, the AquaBlok'™ would be placed
underwater over the contaminated sediment to form an impervious cap, preventing further
migration of the sediment to the environment.

After condruction is completed, this dternative rdies on MNA and on inditutiond @ntrols such
as fish consumption advisories and fishing redrictions until the RAOs ae achieved. This
dterndive may dso require redrictions on activities that could compromise the integrity of the
cap. A long-term monitoring program would be required to verify the integrity of the cap and to
asess the effectiveness of the cap and natural attenuation processes in achieving the RAOs. If
any portion of the cap has been eroded, it would require replacement. A review of dte conditions
would be conducted at five-year intervas, as required by CERCLA.

REM -3/10/Sdlect Alternative

This dternative incudes remediation by removd of al sediments with an MPA of 3 g/n? PCBs
or greater in River Section 1, remova of al sediments with an MPA of 10 g/n? PCBs or greater
in River Section 2, and removd of sdect sediments with high concentrations of PCBs in River
Section 3 (NYSDEC hot spots 36, 37, and the southern portion of 39). This dternative adso
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includes sediment remova in the navigaion channd as necessary to implement the remediation.
The totd aea of sediments targeted for remova is approximately 493 acres. The edtimated
volume of sediments to be removed is 2.65 million cubic yards, which is edimated to contan
70,000 kg (about 150,000 Ibs) of PCBs. I would take approximately 3 years to desgn and 6
years to implement this remedy. This dternative assumes a separate source control response
action near the GE Hudson Fdls plant. After condruction is completed, this dternative relies on
MNA and on institutiond controls such as fish consumption advisories and fishing restrictions
until the RAOs ae achieved. A review of dte conditions would be conducted a five-year
intervals, as required by CERCLA.

REM 0/0/3 Alternative

This dternative indudes full section remediation by remova in River Sections 1 and 2, and
remova of sediments with an MPA of 3 gin? PCBs or greater in River Section 3. This
dternative adso incudes sediment remova in the navigation channd as necessary to implement
the remedy. The total area of sediments targeted for remova is approximately 964 acres and the
volume of sediments to be removed is edtimated to be 3.82 million cubic yards. It would take
goproximately 3 years to design and 8 years to implement this dternative, which aso assumes a
separate source control action near the GE Hudson Falls plant. After condruction is completed,
this dternative relies on MNA and on inditutiond controls such as fish consumption advisories
and fishing redrictions until the RAOs ae achieved. A review of dte conditions would be
conducted & five-year intervals, as required by CERCLA.

3.2 General Removal Information

Removd by targeted dredging is the principd component of the two REM dterndives and a
maor component of the CAP dternative. The criteria for sdection of targeted aress are based
primarily on mass per unit area (e.g., 3 gm2, 10 gym2) and PCB concentrations in surface
sediment, as wdl as engineering condderations, such as minimum aress targeted (50,000 square
feet for example).

As presented in Chapters 4 and 5 of the FS, both mechanicad and hydraulic dredging
technologies continue to be consdered applicable to dredging Upper Hudson River PCB
contaminated sediments. Dredging productivity, sediment in-river transport/conveyance, and
sediment processing would vary between mechanica and hydraulic sysems. Both methods have
been consdered in the development and evauation of dternatives to preserve options in the
remedia design.

The find sdection of dredging equipment will occur during the project’s design stage. Numerous
factors will influence the sdection, including data obtained for the pre-condruction sediment
sanpling program, the results of more detaled engineering plaoning and andyds, and
information obtained from potentia contractors. It should be noted, however, that as described in
the FS, River Section 3 (south of Lock 5) would be dredged using mechanicd methods in any
event, because there are practicd limitations to the distance that a sediment durry (discharged by
a hydraulic dredge) can be pumped rdigbly.
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Mechanical Dredging

With respect to mechanicd dredging, auxiliary equipment that can be fitted to excavators include
hydraulicdly actuated buckets with cepacities compatible with project productivity requirements
and inriver working condraints. An advantage of a hydraulicaly actuated machine is the
positive action that alows for greater remova precison and permits handling of a wide range of
sediment types and debris. It is expected that the mechanica dredges used on the Upper Hudson
will be equipped with date-of-the-art components to limit sediment resuspenson and to enable
real-time assessment of equipment position and remova satus.

Each excavator will be pogtioned on a floating platform .g., deck barge or flexi-float) so that it
can be towed to the actud work area and then maneuvered as necessary during removal
operations. As remova operations proceed, sediments will be placed either in hopper barges or
onto deck barges tha have been configured for sediment handling. Barges will be filled to
predetermined limits and towed to one of severd trandfer facilities where the sediment will be
off-loaded.

Hydraulic Dredging

In generd, the principal operating components of a cuttterhead suction dredge are the leading
suction pipe with atached cutting head and an onboard durry pump. The pump hydraulicaly
entrains river sediments that have been loosened by action of the cutterhead and discharges the
resultant durry (water and sediment) into alength of trailing pipe.

Usng a boom or ladder, the inlet or suction pipe and cutterhead can be extended sufficiently
beyond the leading edge of the dredge to reach targeted materids. The durry pump is Szed to
meet project productivity requirements and to convey durried sediments to a processing fecility.
The entire assembly of suction piping and durry pumps is mounted on a hull that dlows the
dredging system to be towed to and maneuvered within a particular work area. As in the @ase
with mechanical systems, it is expected that the hydraulic dredging sysem will be fitted with
state-of-the-art electronic postioning equipment so that the work is performed as efficiently and
precisdly as possble. In addition, it is expected that a number of innovations may be developed
for this program to further control resuspension of river sediments and to improve the overdl
productivity of dredging operations.

Within the aress targeted for dredging, the goa is to remove dl of the PCB-contaminated
sediment, leaving a resdud of approximatdy 1 mgkg or less. Subsequent to removd,
approximately one foot of backfill would be placed where gppropriate (excluding the navigation
channels) over the resdud layer, which would further reduce the biocavalable PCB
concentration at the surface and provide an appropriate subgtrate for biota. In addition, the
backfill will help stabilize bank aress after dredging and minimize hydraulic changesto theriver.

One suction dredge outfitted with a cutterhead can remove the targeted sediments in River
Sections 1 and 2 in about four years. Hydraulic technology will probably not be utilized for
dredging near-shore portions of the river. The near-shore area would be remediated using the
mechanica system.
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The durry pipdine would be a 16-in high densty polyethylene (HDPE) pipdine with a
maximum length of 53,000 feet. Three types of pipes would be employed:

Pontoon Line: Typicaly 2,000 feet long, a stedd or HDPE pontoon line would be used
behind the dredge and would provide flexibility for maneuvering the dredge dong
various dredge cuts.

Submerged Line Varying in length between a few hundred feet to about 50,000 feet
long, the submerged line presents minimum interference with river traffic and would be
expanded periodicdly as the dredge advances dong theriver.

Shoreline Line: Short sections of shordine pipe would be inddled as necessary to carry
the pipeline over land at locations such as Thompson Idand and at Lock 6 near the Fort
Miller Dam.

In addition to the pipeline, shore or barge-mounted booster pumps would be added as necessary
to provide pumping power. Barge dimensions would be 45 feet x 30 feet x 5 feet with a 3foot
draft; barges would be placed 10,000 feet apart.

Given the limitations on durry line length, it will adso be necessary to employ severd mechanicd
dredges for remova operations in River Section 3. It is expected that the required hydraulic
dredge and mechanicd dredges are ether commercidly available or can be fabricated for this
project.

The dredged sediments would be transported to land-based sediment processng facilities At
these facilities the sediment would be dewatered to the extent practicable. Portland cement (or a
amilar stablizing agent) would be added to the ®lids portion to stabilize it before loading it onto
ral cas. The sediments would be disposed of a an exising licensed TSCA or solid waste
landfill outsde of the Hudson Vdley. Sting of a loca landfill was screened out due to
community objection. Another solids digposa option involves beneficid use of nonTSCA
dredged materid.

The water that is separated from the dredged materid will undergo treatment to remove fine
sediment particles and dissolved PCBs. Ultimatdy, the water will be discharged back into the
Hudson River in compliance with substantive New York State Pollutant Discharge Elimingtion
System requirements, which are applicable or relevant and appropriate requirements (ARARS)
for thisste.

Shordine Stabilization

Snce sadiment remova and capping caegories involve condderable sediment removd in
proximity to the banks of the river, there will be a need to renew or stabilize shoreline areas 0 as
to limit or control the potentid for eroson. Locations requiring Sabilization were not specificaly
ddlineated for purposes of the FS; however, a general concept has been developed. The approach
is to assume that the gtabilization program will be a function of depth of sediment removd within
the river immediatdy adjacent to each shordine segment. For river sections where near-shore
remova operaions are planned, backfilling will occur that which will entall placement of sand
or graved materids on the river bottom to isolate resduad contamination and to re-establish
ecologicd functions. It is expected that about one foot of materid will be placed on the river
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bottom for these purposes and tha this layer will dso serve as an additiond mechanism to
control bank erogon. The actud length of shordine that would require stabilization is specific to
each dterndive.

Sediment Processing/Transfer Facilities

With regard to sediment processing/transfer facilities, it is important to note that EPA has not yet
determined the locations of sediment processng/trandfer fecilities necessary to implement the
selected remedy. For purposes of the FS, example locations were identified from an initid list of
candidate Stes based on screening-levd fidd obsaervations which consdered potentid facility
locations from an engineering perspective. It was dso necessary to assume the locations of
sediment processing/transfer facilities in order to develop conceptua engineering plans, andyze
equipment requirements, and develop cost estimates for the remedia dternatives.

For this purpose, two example locations were identified: one at the northern end of the project
area in the vicinity of the Old Moreau Landfill (NTF), and one a the southern end of the project
area near the Port of Albany (STF). At each example ste, mechanical dredging and hydrauic
dredging would require different layouts The example NTF mechanica dredging facility would
congst of adminigtration buildings and waterdde unloading docks and hoppers, in addition to a
link road between the ralcar loading area and a temporary stagng area. The example NTF
hydraulic facility would be equipped with a gmilar layout, including pipes to pump dredge
materids to the screening, tank, press and storage facilities, in addition to a rallcar loading area.
The example STF mechanicd dredging facility would be equipped with barge unloading docks, a
pug mill, glos, adminigration buildings, access roads and ralcar loading aeas. The example
STF hydraulic dredging facility would be equipped with a dmilar layout, incduding pipes to
pump dredged materiadsto rallcars.

Both example locations fulfill many of the desred engineering characteridtics for such a fadlity
to support the remedid work, and is representative of reasonable bounding assumptions with
regard to digance from the dredging work and cost. Other locations, both within the Upper
Hudson River vdley and farther downstream, are possible.

EPA will not determine the actud facility location(s) until after the Agency performs additiond
andyses, holds a public comment period on proposed locations, and considers public input in the
find gting decison. Thus dl information provided in this report relaive to potentid impects of
the sediment processng/trander faciliies on communities, resdents, agriculture, the
environment and busnesses should likewise be conddered representative and illudtrative.
Further specific assessment of and, as necessary, mitigation of, potentid impacts will be
addressed during design once Siting decisions have been findized.

3.3  Selected Remedy

The sdected remedy is the removad (targeted dredging) dternative REM-3/10/Select. The
specific components of this dternative are summarized in the foregoing text of this appendix and
explaned in further detal in the body of the Feashility Study and in the Record of Decision.
Figure C.3-1 A & B to Figure C3-1 K & L, Alternative REM-3/10/Select Remova Areas and
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Depths, provides a variety of information concerning this dterndive. It depicts each of the
sediment remova target areas located within the project area, the approximate area and depth of
remova of sediments to be dredged under this remedy, limited information regarding rocky
portions of the river bottom, and other information such as locations for navigationa dredging.
The roughly 41 river miles of the Hudson River PCBs remediation area are presented in this
figure in 12 sections (presented as seven separate figures), in order to provide sufficient detail.

For the purposes of this culturd resources survey, effects of the sdected remedy on known
acchaeologicd and architectural resources and potentiad  archaeologicad and  architecturd
resources are discussed in Section 7 of this document.
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40 ENVIRONMENTAL SETTING

The Hudson River flows in a generdly southerly direction gpproximately 315 miles from its
source at Lake Tear-of-the-Clouds on Mount Marcy in the Adirondack Mountains to New York
Habor. The geomorphology of the Hudson River Vdley reflects the influence of mgor
Pdeozoic tectonic events and more recent glacid-interglacid modifications to the landscape
(Goldthwait, 1992; Dineen, 1992). Since the Holocene (ca. 10,000 years before present [BP)),
landscapes in the region have been increasingly fashioned by pogt-glacid hydrographic
modifications that have resulted in the contemporary flow, discharge, and sedimentation regimes
of the present Hudson drainage net. However, the impacts of Euroamerican and modern
landscaping over the past 200 years are responsble for more large-scde eroson and
sedimentation than the combined effects of climatic forcing sSnce the mdting of the glaciers.

4.1  Physiology

The project region is contained in a narrowly confined portion of the northern Valey and Ridge
physiographic province. Bounded by the Adirondack Mountains to the north, the Catskills to the
west, and the Taconic Mountains to the east, the Hudson Vdley is a north-south trending valey
formed in a Pdeozoic basement and shaped by the movement of recent continentd ice sheets
(Fisher et d., 1973; Isachsen et a., 2000) (Figure C.4-1, Land Regions for New York State).
Together with the nearby Lake George Trough and Lake Champlain basin to the eadt, the region
forms the Hudson-Champlain Lowland, dso known as the Hudson Valey Section of the Vadley
and Ridge Province (Funk, 1976; NY SGS, 1997). This section is the northernmost portion of the
900-mile-long bet of dternating Paeozoic rocks tha forms the Appdachian Vdley and Ridge,
and is part of the Appaachian Geosyncline structural province (Bick, 1993).

The Appdachian Vdley and Ridge is a physographic province characterized by pardld
dructures of hard and soft lithologies, forming differentidly eroded high and low topographic
features. In the vicinity of the Hudson River, the province is formed in folded and thrugt-faulted
sandstones, shdes, and carbonates, primarily of Cambrian through Devonian age (570-345
million years ago [mya]) (Bick, 1993; Cooper et d., 1990; Fisher et d., 1973; NYSGS, 1997).
This lithology is smilar for the neighboring regions of the St. Lawrence Vdley to the north, the
Centrd Lowland to the west, and the Appdachian Plateaus in south-centrd New York State
(Olcott, 1995). Underlying formations include the Wappinger group clastics and carbonates,
Normanskill Group greywacke, Trenton Group clastics, Helderberg Group carbonates, Onondaga
carbonates, and Hamilton Group marine and non-marine clastics (NY SGS, 1997).

Tectonicadly, this region has been greatly influenced by severd mountain-building events
including early Phanerozoic era Taconic, Acadian, and Alleghenian Orogenies, causng severe
deformation of the lithology underlying the generd project area (Bick, 1993; Moore and Malllet,
n.d.). Topographic high points range between 200 and 800 feet above sea levd. Mgor fault lines
trend northeesward, reflecting the impact of Pdeozoic continentd collisons, the verticd
disolacement in some aress is subgantid. A number of fault lines extend from the Adirondack
region into the Hudson Vadley, and the area is consdered tectonicdly active (Olcott, 1995; Van
Diver, 1997).
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Portions of the project area fdl outsde the Ridge and Vdley Province, and are properly assgned
to the Appadachian Plateau (to the west) and the New England Province (to the east) (Fisher et
d., 1973). The plateau is a moderaely deformed region of Cambrian through Permian (570-245
mya) sedimentary rocks, nearly horizonta in aspect. The New England Upland, aso cadled the
Pedmont, is a complex, highly deformed series of meta-sedimentary and igneous rock
originating in the Precambrian (Bick, 1993; Cooper et a., 1990). The northernmost county in the
project area, Warren County, rests entirely in the Adirondack Province. Occupying 10,000
sguare miles, this province is a domed uplift of Precambrian metamorphic and igneous rocks,
pushed through and above the younger, flanking sedimentary beds (Vigil e d., 2001). The
resulting topography is a rugged hill country with numerous waterfdls, and marked by a few
high pesks of granite and anorthsite (Figure C.4-2, Land Form Categoriesfor New Y ork State).

Within the genera project area, locad rock promontories and dramatic dliffs offset mgor valey
bresks and margins. The Devonian Helderberg escarpment is a limestone festure on the northeast
gde of the Catskills near Albany, and pat of the Appaachian Plateau. This outcropping is
known for its fossl-rich sequences (Van Diver, 1997). The Pine Barens (or Pine Bush) are the
late Holocene remnants of a large sand delta deposited by the ancient Mohawk River into glacid
Lake Albany (Isachsen et al., 2000:171). Upon retreat of the lakeshore at the end of the
Pleistocene (ca 12,500 BP), the delta and lakebed were exposed to winds coming from the
northwest, and a 40-sg-mi dune fidd developed, subsequently dabilized by vegetation
(Dinergtein et d., 1999).

Other festures bresking up the terrain include Cohoes Fals and Howe Caverns in Albany
County, the Saratoga Geyser, and a Fliocene pillow basdt formation caled Stark’s Knob, dso in
Saratoga County (Van Diver, 1997). These features underscore the variability of the regiond
geomorphology. However, a key dement in recondructing the geomorphology remans the
chronology of the Hudson Vdley terraces, the time-dratigraphic reationships between locd
bedrock promontories and the terrace sequences, and the dating of late Quaternary glacid
features including peninsulas, idands, kettle lakes, eskers, and kames.

4.2  Glacial Higtory

Unlike portions of the Valey and Ridge Rovince outsde of New York State, the Hudson River
velley area does not demondrate the characterigtic folded and faulted mountains of Pennsylvania
or the southern dates. In part, this is a reflection of the unique orogeny of the Adirondack
system. Accordingly, the surface terrain has a congderably more prominent glacid dgnature. A
convenient tarting point for maor events sill expressed in the landscape is 1.6 million years ago
a the beginning of the Pleistocene Epoch (Cooper e d., 1990; Muller, 1965; Oldde and
Colman, 1992; Van Diver, 1997). At this time, a continenta glacier known as the Laurentide Ice
Sheet developed in the Laurentian Mountains of eastern Quebec, tying up amospheric and
surface water, and causng a drop of more than 330 feet in globad sea levd (Isachsen e 4.,
2000). The Laurentide glacier made four mgor advances during the Pleistocene, retreating into
Canada during warm interglacid periods.

The present character of the Hudson River was dramaticaly shaped by the Pleistocene glaciation
of New England, and the subsequent retreat and mdting of those ice sheets into Canada. The
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ancient Hudson Vdley was the dte of a series of glacid lakes during the closng phases of the
Pestocene. Recongructions of the advance and reirest of the termind ice sheets in the area
indicate that glacid Lake Albany, which occupied the region between Glens Falls and New York
City, was extant between 14,000-12,000 BP. At its maximum, glacid Lake Albany was 31 miles
wide, 200 miles long, and nearly 400 feet deep (Isachsen et a., 2000). Accordingly, the centra
and upper portions of the Hudson valey were submerged or occupied by ice in the years
generdly associated with arrivals of human populations in the Northeast.

Following deglaciaion, new hydrographic regimes were created in the Hudson Vadley.
Expectedly, termind Pleistocene drata record laminated clays and slts in the few pro-glacid
basns and depressons investigated. Mogt dgnificant are the post-Pleistocene records that
document paeoenvironmenta events that are contemporaneous with the earlies Holocene
occupations. For example, Great Bear Swamp registers fibrous peaty deposts at a depth of 8 feet
that are aged to at least 7,000 BP. To the west of the project area, Meadowdale Bog on the ice-
proxima dope of the Meadowdale moraine festures smilar fibrous pests a a depth of 18 feet
that are less than 9,000 years old. While neither of these Sites provides archaeologica materids,
collectively they preview the organic compostion and depths of Holocene deposits in the glacid
terrain adjacent to the Hudson Vdley (Schuldenrein, 1996).

Within the Hudson valey proper, evidence of mgor fluvid and torrentid drainage associated
with the emptying of glacid Lake Albany is aged to 12,500 BP. Estuarine developments —
effectivdly ongoing encroachment of the pod-glacid sea levd transgresson — were initiated
immediately thereafter, dthough more detailed confirmation of this landscagpe modd is required
in the project area (Schuldenrein, 1996).

New York State preserves only the remains of the last Laurentide advance and retreat. From the
north and west, the Wisconsin glaciation (20,000 BP and 12,000 BP) advanced across dl of
upstate New York, blanketed the area of what is now New York City, and extended into most of
Long Idand (Isachsen et a., 2000; Schuldenrein, 1995; Woodworth, 1905). This most recent ice
surge sculpted the topography of the uplands, carved valeys deep into basement rock, and
shifted or reversed mgor stream systems (Muller, 1965). The extent of glacia penetration by the
ice sheats is marked by severd magor termind moraines, including the Vdley Heads Moraine
across western New York, and Ronkonkoma and Harbor Hill Moraines of Long Idand (Isachsen
et d., 2000; Muller, 1965; Van Diver, 1997).

In addition to the ice shedts, glacid mdt water generated huge volumes of sand, slt, and clay
that varioudy dammed streams and created large temporary lakes in the Hudson and Mohawk
River vdleys (Muller, 1965; Schuldenrein, 1995). Lake Iroquois, to the east of Albany dong the
Mohawk River, and Lake Albany, within the mid-Hudson valey, were among the largest glacid
lakes in the region, and were fed by the retreating Wisconsin glacier between 20,000 and 13,000
BP. Glacid outwash terraces, stagnation and terminad moraines, kettles, and eskers are among
the characteristic landforms preserved in the path of the continental glaciers across the present
Hudson valey landscape.
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4.3  Hydrology

The river originates in smal postglacid lakes in the Adirondack Mountains and flows southward
more than 315milesto the Atlantic Ocean & New York City. The stream has a meandering
pattern, with a gradient of more than 50 feet from its Adirondack headwaters a Lake Tear of the
Clouds and the Opdescent River on Mount Marcy in Essex County, to Glens Fals, Warren
County. The river drains approximately 13,370 square miles, gradualy becoming less steeply
graded as it flows southward (Funk, 1976) (Figure C.4-3, Hydrography on Upper Hudson River).
The devation a the top of the floodplain ranges from 110 feet above sea levd (ASL) at
Schuylerville, 30 feet ASL a Waterford-Troy, 10 feet ASL a Hudson, and sea levd a
Newburgh (Dineen, 1992). Currently, within the project area, mean annud precipitation rates
vary between 40 and 50 inches (in), supplying 20 to 30 in of runoff to the surface drainage
system and aquifers (Olcott, 1995). At Fort Edward in Washington County, USGS Stream Flow
Site 03127750 recorded peak stream flows between 14,000 and 31,000 cubic feet per second
(cfs) for the most recent ten years (USGS, 2001).

Like the Hudson Vdley physographic province, the Hudson River itsdf has a hisory and
character derived from its geologic foundation. The course of the stream itsdf is Sructurdly
controlled by a contact between Precambrian and Triassic bedrock, redtricting the valey to a
narrow passage between the Adirondacks and Taconic Ranges (Muller, 1965; Schuldenrein,
1995). North of Troy, the stream channd is narrow, non-tidd in nature, but flooding seasondly.
Here, the Upper Hudson River ranges from 600 to 700 feet wide, and is characterized as dightly
snuous, with a snuogty vaue of 1.01. In places, the channe cuts into bedrock to a maximum
depth of 125 feet. The sream is freshwater above Troy and the valey floor opens a this point,
cregting broad dluvid flats and low terraces or uplands as it meanders across a floodplain 2,000
feet wide (Funk, 1976; U.S. Fish and Wildlife, 1997).

Deeply cut into bedrock north of Schaghticoke, the Hoosic River debouches at the Hudson and is
the only mgor tributary on the eastern flank of the project area (Woodworth, 1905). At the city
of Cohoes, the Hudson is joined by its principd tributary, the Mohawk River, widening to
become a tidd river and estuay sysem south of Troy (US Fish and Wildlife, 1997). The
Mohawk River drained Glacid Lake Iroquois during the Pleistocene, and provided a naurd
lowland passage to Lake Ontario and other regions to the north and west of the project area
Other minor tributaries include Batten Kill, Maoses Kill, Dead Creek, and the Champlan Cand
on the east bank. Fish Kill and Snook Kill tributaries are located on the west bank of the stream.

South of Troy, the river widens to a tidd estuary, punctuated by numerous idands, inlets, and
low terraces. To the south a New York City, the valey is again constrained by steep bluffs, the
Palisades to the west and the Hudson Highlands to the east (Schuldenrein, 1995). At this point,
the stream renews its incison into bedrock, cregting a drowned river vadley. In fact, this stream
trench continues beyond the Upper New York Bay and into a degp submarine canyon for more
than 200milesbeyond the Atlantic coastline.
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4.4 Sediments

As a reault of this recent glacid activity, sediments in the Hudson vdley ae rdatively young,
massve to compacted depodts of unmodified or reworked glacid tills Fullerton (1992)
describes a varigty of sediment types and landform complexes within the valey, including
Holocene dune sands; lacudtrine or lake ddta sands and gravels, kame delta deposits; loamy tills;
and lake, ice contact or outwash sediments dating from the Late Wisconsn (Figure C.4-4,
Underlying Rock Formation for New Y ork State).

The thickness of the dluvid deposts increases downdream, with gpproximady 15 feet of
aluvium recorded a Fort Edward, 20 feet a Schuylerville, 40 feet a Albany, 60 feet at Hudson,
and 70 feet a Kingston (Dineen, 1992). Accumulations reach 100 to 200 feet in the Lower
Hudson valey channd sequences (Schuldenrein, 1995). The thickening of downstream dluvid
sedimentsis areinforcement of traditiona fluvia geomorphic modes (Schumm, 1977).

Quaternary glacia deposits on Long Idand exceed 600 feet in depth (Olcott, 1995). Within the
project area, sediments consst of fining upward sequences, ranging from coarse sands, grave,
and cobbles a the base, to sands and slts, with organic rich gdlts dominating the uppermost
levels. Soils, organic mats, and lenses of finer particles are discontinuous throughout the
floodplain (Dineen, 1992). South of Troy, the sediment packages are dominated by riverine and
esuarine depogts, and conast modly of finer grade sands, dlts, clays, and intermittent organics.
Dineen (1992) notes that deltas are formed in severd locations where tributaries join the trunk
dream, including the confluence of the Hudson with the Mohawk and Hoosc Rivers. Sails,
furthermore, tend to be gpodosols, typicd of cool, moist environments with coniferous
vegetation, underlain by sandy parent materids (Birkdland, 1999; Holliday, 1992). These tend to
be of middle to late Pleistocene or younger age (Muller, 1965).
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5.0 PREHISTORIC AND HISTORIC BACKGROUND

This overview of the prehistoric and historic background of the Hudson River Vdley provides a
basdine contextua framework againg which to consder the culturd resources of the Hudson
River PCBs Superfund Ste in paticular. The period of prehistory represented in this region
extends for over 10,000 years and is presented below as a series of mgor culturd periods
decribing  specific adaptations to a changing environment and other factors. Although the
historic era is far briefer, beginning in the 17" century, it is a period marked by dramatic change,
conflict, development, and ever-increasing socid complexity. The historic context is generdly
presented chronologically by century. However, subsections have been included to describe
significant higtorica events such as military conflicts and broad trends that are Sgnificant such
as the development of New Y ork Stat€’ s transportation system.

51 Prehistoric Period

The Upper Hudson River vdley has been the subject of condderable professond and
avocationa prehistoric research, but it has not figured prominently in discussons of New York
State prehistory. Extensve cultura resource management work has been conducted (e.g., Huey,
1997) but the results have not been widdly disseminated. The early discussions of prehistory by
Ritchie (1958), Ritchie and Funk (1973), and Funk (1976, 1978) mention numerous Stes in the
area of Warren, Washington, Saratoga, Renssdlaer, and Albany Counties, but most of these are
known only from surface collections

Curtin and Bender (1990) provide an important survey of the development of prehistoric
archaeology and settlement patterns in the Upper Hudson River region. Their work is based on
publications and unpublished data in the files of the New York State Museum and State Historic
Preservation Office. Their study identifies 735 prehistoric stes dong the Upper Hudson River
and adjacent environs, however, few specifics are provided about individual sSites. They point out
that the lack of systematic goas and methods employed during the 20 century produced a vast
but uneven database, which frequently lacks basc information such as geographic coordinates.
They dso note that syntheses such as those of Ritchie and Funk are based on only a smal
number d known gtes. In the case of the latter's semind (1976) work, 160 Stes are mentioned,
only 20 of which are regarded as ‘key’ (Bender and Curtin, 1990). Their research was therefore
oriented toward broader, but till problematic, questions of settlement density and land use.

More comprehensive data andyss on the bass of excavated materids has been done for the
Middle Hudson (Eisenberg, 1978; Diamond, 1996), and on the bass of professona and
avocationa surface collections from the Mohawk River to the west of the present study area
(Snow, 1995a; 1995h). Interest in the Middle and Lower Hudson stems from its proximity to
other mgor wel-studied drainages, such as the Ddaware and Susquehanna (e.g., Funk, 1977),
and to Colonid and American population centers. Interest in the Mohawk River has been
generated in part by the fact that it is the heartland of the Mohawk nation, and toward the eastern
range of the ‘ League of the Iroquois (Snow, 1994; Kuhn and Sempowski, 2001).

Recent syntheses have been produced for areas to the north, the St. Lawrence headwaters region,
(Abel and Fuerst, 1999) and southern Ontario (Warrick, 2000). To the south of the study area
Lindner and his students have undertaken a series of projects a Tivoli Bays in Dutchess County
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(Lindner, 2001; Waterman, 1992; Funk, 1992), following up on earlier work by Ritchie and
Butler (Chilton, 1992). Other important work has been conducted & quarry Stes in Washington
and Renssdagr Counties (Holland, 1999; Brumbach, 1987). Overdl, the archaeology of the
Upper Hudson River valey remains lesser known than most areas of New York State.

Cultural Sequence and Chronology
The basc cultural sequence and chronology for New York State is ill based on Ritchie (1994
[origindly published 1965, revised 1969, 1980]), modified by Funk (1976), Snow (1995b), and

others. It follows generdly the overal sequence for eastern North America:

Cultural Sequence and Chronology

Cultural Period Time Period Geological Age
Paleo-Indian 9,000-7,000 BC Late Pleistocene
Early Archaic 7,000-5,000 BC

Middle Archaic 5,000-3,000 BC

Early Woodland 3,000-1,000 BC

Middie Woodland 1,000-0 BC Early Holocene
Late Woodland AD 1-AD 1,000

Contact AD 1525

A number of researchers have commented on the problem of agpplying cultura sequences and
typologies generated primarily for western and southern New York to northern and eastern parts
of the gtate (Chilton, 1992; Abd and Fuerst, 1999). Given the paucity of excavated data from the
Upper Hudson River valey at present, the generalized sequence and chronology must suffice.

L ate Pleistocene, Paleo-Indian Hunters

In upper New York State, the retreast of the Laurentide ice sheet a the end of the Wisconsin
glaciaion produced ggnificant landscgpe modification, and meltwaters created a number of
proglacia lakes. These included Lake Hudson, which filled the vdley south of the Hudson
Highlands ca 15,000 BP, and Lake Albany, which occupied the valey north of the highlands to
the area of Troy by ca 13,000 BP. By ca 12,000 BP the naturd dams retaining these lakes were
breached, dlowing the lakes to drain and permitting rebound of the land mass and the rise of sea
levels (Sdwen, 1975; Schuldenrein, 1995). The complex Holocene topography and resource base
emphaszed by Bender and Curtin (1990) as the settings for human occupation of the Upper
Hudson River Vdley are primaily glacid in origin (Dineen, 1992).

Uncertainty remains about the timing and route of Paeo-Indian colonization of North America in
generd (Anderson and Gilliam, 2000), and the firs human occupation of New York State is
equally problematic. Humans entered upstate New York and the Upper Hudson River valey for
the firsd time ca 10,000-9,000 BC. Ritchie (1980) reports isolated finds of fluted points
characterigtic of the Clovis tradition in the Albany area, but offered few details. Levine's (1986)
publication of Pdeo-Indian fluted points from surface collections in the Upper Hudson River
vdley is dmilaly vague regading the naure of find spots and their environmental settings.
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Mogt appear to have been collected from plow zones and indicate an extremely ephemerd
occupation, such as hunting camps.

Rdativdy few Pdeo-Indians dtes have been excavated in New York State. These include the
Wes Athens Hill and Kings Road dtes in Greene County (Funk and Ritchie, 1973; Weinman
and Weinman, 1969), the Davis dte in Essex County (Ritchie, 1980), and the Dutchess Quarry
Cave in Orange County (Funk et d., 1969). Excavated stes are consistently sndl and indicative
of extremdy short-term utilization. Bender and Curtin's collation of Stes contained only deven
Paleo-Indian occurrences in the Upper Hudson River vadley (1990:88). The materia culture of
the Paleo-Indian period condds largely of projectile points, with smdler numbers of knives,
scrapers, flakes, choppers, and pounding tools. Eisenberg (1978) provides a formd analysis of
Paleo-Indian lithics. These assemblages indicate heavy dependence on hunting, probably of large
game, and possbly exploitation of flint resources. The rare occurrence of Hudson River flints
such as Normanskill chert a the southeastern Pennsylvania Pdeo-Indian Shoop ste (Witthoft,
1952) lends further support to this view.

The smal numbers of artifacts reported for New York State as a whole in recent studies of North
American fluted points support the recondruction of only sporadic Pdeo-Indian movement
through the Upper Hudson River valey (Anderson and Faught, 1998; Morrow and Morrow,
1999). Funk and Welman (1984) suggested that ecologica factors, namely the predominance of
post-glacia coniferous forests with reatively scarce resources, account for the scarcity of Paeo-
Indian and Early-Middle Archaic stes in New York State. This view is increesingly chalenged
by new evidence from throughout the Northeast. It is clear, however, that Early Paeo-Indian
occupation of the Upper Hudson River valey is characterized by extremey low population
densty. Given the paucity of excavated Stes and faund assemblages, it remains unclear whether
Paeo-Indian groups were generdized hunter-gatherers or specidized hunters pursuing species
such as caribou (cf. Abel and Fuerst, 1999). Evidence from Pdeo-Indian stes in Connecticut,
however, suggests that the margins of paeo-lakes would have been especidly productive areas
for hunters (Curran and Dincauze, 1977), but riverbank sites would tend to have been severdy
eroded and the ad hoc tool components washed downstream where they are unrecognized. The
collection emphass on projectile points aso skews discussions of subsstence toward fauna and
away from flord resources (Modler, n.d.).

Holocene, Archaic Hunter Gatherers

The Ealy and Middle Archaic periods had long been interpreted as representing a low point in
human occupation in the northeast, but as with the Padeo-Indian period, surface collections have
begun to fill in the gap (Levine 1986). Pat of the explanation for the increesng dendty of
human occupation of upper New York State may involve the gradud trangtion from coniferous
to hardwood forests during the course of the period (Sdwen, 1975). Earlier Archaic Sites such as
Lamoka Lake (Ritchie, 1980) and the Sylvan Lake Rockshelter (Funk, 1976) are Stuated aong
more southern latitudes than the Upper Hudson River valey, possbly suggesting a gradud
increese in semi-sedentary  occupdion in synch with changing environmenta conditions. By the
Late Archaic, human occupation is widespread through New York State. Bender and Curtin
suggest that the seemingly dramatic incresse in the dendty of Late Archaic Stes may be a
manifestaion of a fully developed drategic exploitation system (1990). Conversdy, they suggest
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that the continuation of Late Archac materid culture in the Ealy Woodland may be
overemphasizing the earlier period at the expense of the latter (1990).

Genadized hunter-gatherers characterize the Archaic period, exploiting not only large game but
adso a wide variety of fauna such as smal mammas and birds and riverine resources. A number
of shell mounds on the Lower Hudson indicate sysematic exploitation of oysters a leest as far
north as Croton (Schaper, 1989; 1993), and oysters have been found in Archaic levels a
Cruger's Idand in northern Dutchess County (Ritchie, 1958). Fishing equipment such as
netsnkers are common, but the extensve presence of knives and other butchering tools at Stes
such as the Datum (Eisenberg, 1982) indicate the continued importance of hunting.

Excavated Archac dtes in the Upper Hudson River valey incdude River, Fish Club Cave, and
Snook Hill (Ritchie, 1958; Funk, 1976). More recently, excavations have been undertaken at the
Becker Property in Renssdagr County (Cesarski, 1999). The settlement pattern is of an
increasngly complex series of gtes incduding base camps such as Lamoka Lake and the Bent
dgte on the Mohawk River (Ritchie and Funk, 1973), up to five acres in size; seasona rock
shdters such as Sylvan Lake and Zimmerman, in Greene County (Funk, 1976); and smaller
hunting and fishing camps The complexity of settlement is matched by the increesing diversty
of projectile point styles, suggesting that New York State was occupied by a variety of groups
with different subsistence drategies and socid identities (Sdwen, 1975). The presence of
quarrying and chipped tool production dtes such as Pleasantdde in Renssdaer County
(Brumbach, 1987) may dso reflect greater Ste specidization and increased economic interaction
between groups.

Archaic groups did not possess domesticated plants, but the sze and depth of depost in many
gtes suggest that occupation was ether year-round or repested. The increasing familiarity with
microenvironments and technologicad innovations, in particular the emergence of sone bowls,
evidently of Southeastern derivation, were important pre-adaptive features for the development
of agriculture during the Woodland period.

Middle Holocene, Woodland Horticulturists

The Woodland period saw the establishment of horticulture and the development of larger socid
units, including matriarchd and matrilocd dans, sedentary villages, and tribes immediately
ancestrd to the higoricdly known groups of upstate New York. Pottery was gradudly
introduced, and a much wider variety of materid culture came into use. While minor climate
fluctuations took place during this period, the overdl environment was very smilar to that of
today. In generd much more information is avalable for the Middle rather than the Upper
Hudson River valey (Diamond, 1996).

Ealy Woodland dtes are similar to those of the Lae Archaic. They ae typicdly smdl, and
projectile points, scrapers, and bone tools provide evidence of hunting, fishing, and limited
cultivation (Funk, 1976). The Church and Coffin dtes, located on the Hudson River flood plain
in Washington County (Funk and Lord, 1972) are good examples of a multi-purpose and hunting
camp, respectivey, but reaivey few dtes are known from the Upper Hudson River valey.
Pottery is found on an increesng number of Stes, typicaly stamped and impressed cooking pots
tempered with crushed shell. The wide variety of types however, points to low levels of
interaction between groups. Another new feature of the early Woodland period are burids with
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edborate grave goods, including flints and bone tools, shell and copper beads, and stone
pendants (Ritchie, 1980). These symbolic and religious developments are related in part to the
emergence of abroad variety of religious practices in Eastern North America (Brown, 1997).

By the Middle and Late Woodland, the sze and complexity of sites increases tremendoudy. The
key to later developments was the introduction of horticulture and the triad of cultigens, maize
(Zea mays), beans (Phaseolus vulgaris), and squash (Cucurbita pepo). Their processng was
facilitated by the use of cooking pots and storage pits. Villages were occupied year-round and by
the end of the period were often comprised of multiple longhouses postioned on defensble hills
with pdisades Smdler hunting, fishing, and farming sdttlements developed as offshoots. The
Weinman dte in Warren County (Funk, 1976) is a smdl camp, but it contained cooking hearth,
storage pits (possibly for nuts), a chipped stone workshop, and a pottery dump. The Dennis Ste
in Albany County (Funk, 1976) is locaed on a series of dluvid flas on a Hudson River
tributary. Sturgeon plates, deer bones, fresh water shells, and corn and beans were found in
hearth and Storage pits, indicating the range of subsistence activitiess One of the largest Late
Woodland stes is Garoga in Fulton County. It reached some two and a hdf acres in Size and was
comprised of at least seven longhouses, each between 150 and 200 feet in length, with hundreds
of gorage pits (Ritchie and Funk, 1973).

The Middle and Late Woodland periods see the emergence of didtinctive Iroquoian Sites,
particularly in the Mohawk River Vdley and central New York (Snow, 1994). The origins of the
Mohawk and other Iroquoian groups, however, reman controversa. From the Mohawk River
valey it gppears that villages of 100 to 200 individuds prevailed until ca 1450, and were
followed by larger villages of 600 to 800 people on defensble hilltop postions. Snow suggests
that the League of the Iroquois developed during this period and produced more secure
conditions (Snow, 1995b). A didinction between Mohawks and Algonquin-spesking Mahicans
aso became evident by thistime, and by the 16™ century the groups were bitter rivals.

The Upper Hudson River valey figures centraly in these ethnic developments. A number of
recently excavated Late Woodland stes, including Winney's Rift in Saratoga County (Brumbach
and Bender, 1986b) and the Goldkrest Site in Rensselaer County (Lavin et d., 1996), were only
smal camps, comprised of a few hearths. A variety of ceramic types are present at both Stes,
including some indicaive of coastd and Deaware vdley connections, raisng the question of
whether these were Mohawk or Mahican dtes. The Fish Kill dte in Saratoga County has both
Mahican and Mohawk ceramics, pointing to the complexity of ethnic reations during this period
(Brumbach, 1975). The evidence suggests that the entire Hudson River valey was a contact zone
between various groups and that inter-group relaions were highly dynamic (Diamond, 1996).
Figures C.5-1 (New Netherland and New England, 1635) and C.5-2 (New Netherland, 1621),
clearly depict the mosaic of identified native triba groups during this period of time.

Contact Period

The Contact period in the Upper Hudson Valey begins ca. 1525 as Europeans started moving
north from the Middle Hudson and Susguehanna River valeys and south from the S. Lawrence.
From 1525, European trade goods begin appearing a native stes, including rolled copper tubes,
iron spikes and adzes, and from 1580, glass objects are evident (Snow, 1995b). The Spanish
explorer Giovanni de Verrazzano reached New York Harbor on April 17, 1524, and a few
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historica references suggest that other Spaniards may have edablished a fort in the area of
Albany during the 16" century, but as yet there is no corroborating archaeologica evidence.
Similar clams that the French had edtablished a fort a Albany by 1540 are uncorroborated
(Kraft, 1991). The Dutch explorer Henry Hudson's voyage in search of the Northeast Passage to
the Orient took place in 1609, whereupon he discovered instead the river that now bears his
name. Hudson was initidly able to trade peacefully with native groups, despite hodility crested
by the earlier appearance of European davers. Almost immediately theresfter Dutch traders in
great numbers began flooding into the area in search of furs and other materids. The English and
then the French adso quickly sought to displace the Dutch by force, sending expeditionary forces
in 1613 and later (Kraft, 1991). These efforts were unsuccessful.

In 1614 the Dutch established Fort Nassau on the west bank of the Hudson River at what is now
Albany. This was a smdl fort surrounded by an 18-foot-wide moat and manned by only 10 or 12
men. The location was said to be in Mohawk territory (Kraft, 1991), and the Dutch quickly took
advantage of the complex rivaries between native groups. Also in 1614, Champlain led Huron
and other groups againg the Iroquois, beginning a series of displacements that would change
native geogrgphy and demography. How this affected the Upper Hudson River valey is
uncertain. There is ethnohigtoric evidence suggesting that Mahican groups lived both in ‘castles’
that is, Stockaded villages, as wel as in ‘villages’ possbly seasona camps (Brasser 1974;
Bender and Curtin 1990:4-7). Images of such dructures gppear on period maps as William
Bleseu's 1635 map of the northeast coast of America (Figure C.5-1, New Netherlands and New
England, 1635). While ggnificant changes in native settlement sysems are likdy to have
occurred in the Hudson Vadley, they cannot be documented archaeologicaly at this time, in the
manner of better-known Mohawk settlements to the west (Snow 1995b). Indeed, the few Late
Woodland/Contact period Sites excavated in the Upper Hudson River vdley aea are excusvey
amall settlements (Diamond, 1996).

Iroquois populations of upstate New York appear to increase dramaticaly ca. 1614-1634, in part
as a result of refugees entering from the St Lawrence area, and then drop precipitoudy & a result
of amdlpox (Snow, 1995d). Approximately 75 percent of the Iroquois died in the years
immediately following 1634. Contemporary seftlement and demographic trends in the Upper
Hudson River valey, however, remain unclear. Whether Mahicans responded to European
colonization and disease with nucleated settlements or dispersa is unknown (Diamond, 1996).

Resear ch Problems

Archaeologica research in the Upper Hudson River vadley has identified a number of unresolved
questions, or research problems. Curtin and Bender (1990) identify a number of specific issues
that future field efforts could help address. Following are four more generd research problems
for this region.

Culture History
As mentioned earlier, the Upper Hudson River’'s materid culture, change, and culturd higtory is

invariably characterized through application of systems developed for other regions (such as the
Lower Hudson, the Mohawk River valey, the Susquehanna River valey, or Centrd New York).
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An outganding research problem for the Upper Hudson is to generate locdly derived culturd
sequences and typologies, rather than applying these other systems.

Settlement Models

Ritchie and Funk have suggested a preference among prehistoric populations for Ste placement
along maor and minor stream drainages, or on uplands that afford strategic vantage points (Funk
1976, 1993; Ritchie and Funk 1973). Funk’s 1976 study of the Hudson River valey from Lake
George to New York City andyzed more than 160 sites dong first, second, and third order
sreams and adjacent uplands (1976). Open campsites on the floodplain or idands, rockshelters,
or upland promontories were noted within the study. Funk has proposed two generdized models
for prehigtoric settlement. The firsd emphasizes upland-lowlad contrasts (1976, 1992), while the
second, generated by his work on Susguehannan prehistory, emphasizes the exploitation of more
topographicaly complex microenvironments (1977, 1992). Given the size and complexity of the
Upper Hudson River vdley, it is difficult to sugges which modd is more likdy to have
explanatory vaue, dthough the settlement pattern study by Bender and Curtin (1990) usefully
emphasizes complexity and microenvironments.

Later andyses of the valey further suggest that prehistoric occupations not only exploited the
resources of the tributaries and uplands, but moved into more diverse microenvironments
asociated with marshes, tidal flats, beaches, point bars, dluvid fans, promontories, and other
features (Brumbach and Bender, 2000; Cesarski, 1996; Claassen, 1996; Dineen, 1992; Funk,
1993; Schuldenrein, 1995).

Smilarly, the larger question as to whether the Hudson River vdley acted as a ‘contane’ or a
‘condrainer,’ interpretations which contrast the interconnectedness or isolation of the region, or
which emphasize upriver-downriver dichotomies (Snow, 1980), cannot be evauated a present.
Chilton's work on the Middle Hudson River ste of Goat Idand (1992) led her to suggest
previoudy unrecognized connections with the Ddaware valey and coastd Connecticut.
Research in the Upper Hudson Valey will permit new links to be made with the archaeologicaly
better understood regions of the Green Mountains and Berkshire Hills to the east, the Mohawk
River vdley to the west, and the Middle and Lower Hudson River valey.

Spread of Farming

A third problem is the soread of farming and domesticates to upstate New York and New
England. Maize appears in the Eastern Woodlands ca AD 175 (Smith, 1992) and reaches New
York State as part of a triad dong with beans and squash. The dating of this triad has been
suggested to be ca AD 1000 to 1100, but this has been recently questioned and a date after AD
1300 proposed for the full adoption of domesticates (Hart and Scarry, 1999). Indeed, Bender and
Curtin's work indicates that over 50 percent of Late Woodland sites are located on soils that do
not support corn agriculture (1990).

The problem of maize dso impinges directly on the question of the development of ethno-
higoricaly atested groups in New York. The soread of farming and the origins of the Northern
Iroquois have been associated by Snow (1995c; cf. Hart, 2001) with the migration of groups
from the Clemson’'s Idand culture of Centrd Pennsylvania, ca AD 900. This modd contrasts
with the scenario of in situ development of the Northern Iroquois from Owasco tradition, derived
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from the Point Peninsula culture, and the subsequent diffuson of maze agriculture (Ritchie,
1994 [1980]). New archaeological research in the Upper Hudson valey will hdp fill in aiticd
gapsin Northeastern prehistory as awhole.

Origins of Historically Attested Groups

Findly, as noted above, the Upper Hudson valey lies at the eastern edge of the territory of the
Mohawk and the five nations ‘Lesgue of the lroquois’ It is generdly held, following early
Dutch observations, that the Mohawk occupied the west sde of the Hudson valey, while ther
bitter rivas, the Algonquin-speaking Mahican, occupied the east (Figures C.5-1 and C.5-2). The
opportunity to examine archaeologica gtes in this contact zone will permit a far more refined
assessment of ethnic development and interaction, expanding the results obtained from Winney's
Rift in Saratoga County (Brumbach and Bender, 1986b) and the Goldkrest Site in Renssdaer
County (Lavin et d., 1996). The incorporation of new groups and refugees by the Mohawk is
well documented, and the process is dso manifested in Connecticut, part of the aftermath of the
Pequot War of 1637. How Mohawk and Mahican interacted in the context of European
colonization, warfare, and indigenous demogrephic collgpse is an important question. The
presence of the 16™ century Dutch trading colony a Fort Orange (Huey, 1988), which is modern
Albany, dso permits interaction with indigenous groups to be assessed in greater detall,
including the archaeologica corrdates of economic rdationships, culturd change, and the
catastrophic epidemiological and demographic consequences of contact (Snow, 1995d).

52 Pre-Industrial Era, ca. 1609 - 1815
The Dutch Period
European Discovery

In 1609, Henry Hudson, who was traveling in search of the Northwest Passage for the Dutch
East India Company, saled on the Haf Moon up the river that was to bear his name as far as
modern day Albany. On his way, the explorer - the first European to navigate the Hudson - met
natives clothed in “divers sort of good furres,” from whom he acquired vauable beaver and otter
pelts The Dutch traditiondly imported their furs from Russa but the czars charged heavy
export duties. Thus, the discovery of a new, duty-free source of fur was welcome by Dutch
merchants, and Hudson soon had many followers. In 1614, a fortified trading post, Fort Nassau,
was built on an idand near modern day Albany. The sSte turned out to be badly chosen, as it
flooded dmost every year. So, in 1624, it was abandoned and replaced by a new post, Fort
Orange, located by the west bank of the river (Burke, 1991).

Establishment of the Beaver Trade

In 1621 the Dutch West India Company was chartered and given excdusive trading rights in New
Netherland for a period of twenty-four years. The Dutch established Fort Orange in 1624 as the
successor to Fort Nassau (Huey, 1988). As part of their charter, the West India Company began
offering free trangportation and farmland to settlers, who began to populate areas dong the
Delaware and Hudson Rivers (Kraft, 1991). The company clamed a monopoly on trade in the
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New World and the west coast of Africa below the Tropic of Cancer (Ellis, 1957; Morris, 1976).
Although <dtlers needed to work the land to feed themsdlves, the fur trade remained the true
busness of New Netherland. At firg the Dutch West India Company tried to mantan its
monopoly on the trade, but in 1636, facing uncontrollable smuggling by both its agents and
sttlers, the company finadly opened it to individuds in exchange for the impostion of an import-
export duty. Private traders settled in growing number in the village of Beverwyck near Fort
Orange, which the English would eventudly rename Albany (Burke, 1991). Indians sold the
pelts to the merchants of Beverwyck, who in turn sent them down the Hudson to New
Amgerdam. Business was brisk: in 1656 and again in 1657, Beverwyck shipped as many as
40,000 beaver and otter skins to New Amsterdam. A specific type of sallboat, the doop, was
evolved for navigaion on the lower Hudson River, s0 successful that it carried both freight and
passengers between the Ocean and Beverwyk/Albany (and, later, Troy) from the Dutch period
through the late 19 century.

Early Settlement

In 1624, the Dutch West India Company dispatched to its new foothold in North America 30
families, about 18 of which ended up in Fort Orange (Morris, 1976). The following year, another
group of emigrants under the leadership of Peter Minuit (ca.1580-1638) settled on Manhattan
Idand, which Minuit famoudy bought from the natives for 60 guilders. The new settlement was
baptized New Amsterdam (Morris, 1976). The Lower Hudson, between New Amsterdam and
Fort Orange, formed the centra axis of the new colony that was known as New Netherland
(Figure C.5-2, New Netherland, 1621). In 1626, the firs news from the new territory arrived in
Amsterdam: “our people are in good heart and live in peace there; the women also have borne
some children there.... They had all their grain sowed by the middle of May and reaped by the
middle of August” (cited in Thompson, 1966).

Ovedl, the early settlement of New Netherland by the Dutch proved both more and less
successtul than that of Virginia and New England by the English. It was more successful because
there appear to have been no “famine years’ due to milder natura conditions and the Dutch
settlers who arrived better prepared to work the land than their English counterparts (Thompson,
1966). On the other hand, in spite of that relaively smooth start, the Dutch population remained
gare and setlements in New Netherland were few. Reasons for this low initid population
growth include the rdligious tolerance and relaive prosperity characteristic of the Netherlands at
the time, which provided few incentives to pack up and dart a new life overseass, and the
relatively undtractive colonization scheme put in place under the auspices of the company, the
best-known aspect of which isthe patroon system.

Under the patroon system, initisted in 1629, tracts of land in the Hudson River vdley were
granted to individuas that undertook to settle at least 50 adults within four years. Each grant
included ether 16 miles of river frontage on one sde or 8 miles on ether sde. Grantees
(patroons) were given adminidrative and judicia authority over their settlers (except in cases
involving a capitd offense or more than 50 guilders [Kim, 1978]), as well as tax exemptions
(Thompson, 1966; Morris, 1966). Generdly, laboring under the control of a patroon held little
apped for prospective tenants, who could find better deds esewhere, and overdl, the
experiment was a falure. The only patroonship that succeeded was the one granted to Kiliaen
van Renssdagr (1595-1644), a Dutch jeweer, on both sdes of the river near Fort Orange.
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Renssdlaerwyck, as it was known, extended 11 miles below Fort Orange, and 9 miles above it,
amost reaching the Mohawk River (Camer, 1939) (Figure C5-3, Mgor Land Grants and
Patents of Colonia New Y ork).

In 1638, in an effort to counter the expanson of the neighboring English settlements, potentidly
more attractive schemes were developed that involved smdler grants to individua farmers, but
with limited results (Thompson, 1966). Findly, periodic and destructive wars with the Indians
adso took ther toll (Kim, 1978). Consequently, for most of its short history, New Netherland
remained centered a the mouth and in the lower reaches of the Hudson River, with virtudly no
subgtantia  establishments between Manhattan and Renssdaerwyck (Thompson, 1966). It is only
in 1661 that Esopus (modern Kingston) was founded. Also in 1661, Schenectady was established
on the Mohawk, west of Fort Orange, on the spot where Indian traders had to unload their canoes
before continuing on land toward Beverwyck (Burke, 1991; Armour, 1986). But by then, the
days of New Netherland were numbered.

The English Period
Continuity

The colony became the property of the duke of York (King James Il after 1685) in 1664. The
takeover of the colony by the English did not sgnificantly dter exising patterns and methods of
stlement. In spite of some initid hestations and experiments, the granting of large tracts of
land and the conditution of feudd-like estates, known as manors, more or less continued the
patroon system, except that settlement requirements faded and the grants became more a means
of speculation than of colonization (Thompson, 1966; Kim, 1978). Governors vaied in the
abandon and extravagance with which they granted manorid and non-manorid land patents -
some of them immense, many of them so vaguely defined as to be derisvely described as
“ambulatory grants’ - but overdl the process of privatization went on uninterrupted into the
folowing century. By 1714, most of the Hudson R