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1. Introduction
1.1 Background

This revised Habitat Delineation Report (HD Report) is submitted by General Electric
Company (GE) as part of the remedial design (RD) for the remedy selected by the United
States Environmental Protection Agency (USEPA) for the Upper Hudson River. The RD
program is established in the Remedial Design Work Plan (RD Work Plan) (Blasland,
Bouck & Lee, Inc. [BBL], 2003a). Unless stated otherwise, the approach to the habitat
delineation program described in this HD Report follows the scope of work described in the
Habitat Delineation and Assessment Work Plan (HDA Work Plan) (BBL, 2003b). Both the
RD Work Plan and the HDA Work Plan are part of the Administrative Order on Consent for
Remedial Design (RD AOC) (USEPA and GE, 2003), which was executed in August 2003.
The HD Report was originally submitted in April 2004 and has been further revised based
on comments received from the USEPA, as well as additional information obtained since
the submittal of prior versions of this report.

On February 1, 2002, the USEPA issued a Record of Decision (ROD) that calls for, among
other things, the removal of substantial quantities of PCB-containing sediments from the
Upper Hudson River (USEPA, 2002). In the ROD, the USEPA divided the Upper Hudson
River into three sections (River Section 1, River Section 2, and River Section 3) (hereinafter
referred to as the “Upper Hudson River” or the “project area”). These sections, illustrated on
Figure 1, are defined as follows:

e River Section 1. Former location of Fort Edward Dam to Thompson Island Dam
(approximately 6.3 miles);

e River Section 2: Thompson Island Dam to Northumberland Dam (ND) (approximately
5.1 miles); and

e River Section 3: ND to the Federal Dam at Troy (approximately 29.5 miles).
1.2 Goals of Habitat Delineation
The goals of the habitat delineation, as identified in the HDA Work Plan, are to:

o Document the nature and distribution of habitats that will potentially be affected by
remedial activities;

1-1



ARCADIS Q_Ep\: Habitat Delineation Report

Hudson River PCBs
Superfund Site

o Identify reference habitat locations that represent the range of existing habitat
conditions within the Upper Hudson River; and

o |dentify potential off-site reference habitat locations for use in assessing watershed-
wide conditions.

1.3 Data Quality Objective and Scope of this Report

The key data quality objective (DQO) for the habitat delineation is to determine the location
and extent of existing habitat types within the 40-mile river section where sediment removal
is proposed, and at suitable reference locations within and outside the Upper Hudson River
(BBL, 2003b). This DQO required that data be collected on the distribution of habitats in the
project area. Data were compiled from existing information (e.g., existing habitat maps),
aerial photography (taken in July and August 2003), and field verification (conducted in
August through October 2003, supplemented by additional field information collected during
habitat assessment activities in 2004, 2005, 2006, and 2007). In addition, maps were
prepared showing the location and spatial extent of habitats in the Upper Hudson River in
2003. Further, an investigation was conducted to evaluate the suitability of “offsite”
reference areas in two river sections outside the project area — specifically, sections of the
Hudson River upstream of the project area and within the Lower Mohawk River.

As described in the HDA Work Plan, habitats were delineated as:

Unconsolidated (unvegetated) river bottom;

e Aguatic vegetation beds (SAV);

Shoreline habitats, including maintained and natural shorelines; and

Wetland habitats, specifically riverine fringing wetlands (RFW).

Pursuant to the HDA Work Plan, this HD Report presents the results of the habitat
delineation activities conducted in 2003, supplemented by information obtained in 2004,
2005, 2006, and 2007. In 2003, aerial photographs were taken of the 40-mile project area
and used to preliminarily identify habitat boundaries in the project area through
photointerpretation. Following the completion of the photo-interpretation, groundtruthing
was conducted over the project area to verify the habitat delineations, as well as in off-site
reference areas in the Upper Hudson River upstream of the project area and in the Lower
Mohawk River.
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In addition to the habitat delineation activities, habitat assessment activities were conducted
in 2003 and subsequent years, and included sampling both at target locations within dredge
areas and at reference locations within the Upper Hudson River that are not subject to
dredging, and off-site reference areas in the Upper Hudson River upstream of the project
area and in the Lower Mohawk River. Specifically, habitat assessment activities were
initiated for Phase 1 dredge areas in 2003. Several of those habitat assessment stations
were resampled in 2004. In 2005, habitat assessments were conducted for the remaining
Phase 1 habitat stations. In addition, in 2005, habitat assessments for areas that are
candidates for Phase 2 dredging were initiated. In 2006, habitat assessments were
conducted for the remaining Phase 2 habitat stations, and selected Phase 1 habitat stations
were also resampled to evaluate interannual variability. In 2007, both reassessment
locations and additional RFW locations were assessed in Phase 1 habitats. In addition,
SAV stations were assessed in 2007 using a revised, randomized (i.e., centroid) sampling
scheme. Habitat assessments were completed using the standard operating procedures
(SOPs) described in the HDA Work Plan (BBL, 2003b), revised as described in the Habitat
Assessment Report for Candidate Phase 1 Areas (Phase 1 HA Report; BBL and Exponent,
2005a). The modified SOPs are attached to the Habitat Assessment Report for Phase 2
Areas (Phase 2 HA Report; Quantitative Environmental Analysis, LLC [QEA], 2008b). A
summary of site-specific characteristics of target and reference sampling stations is
provided in Table 1. The locations at which habitat assessment data were collected in
2003, 2004, 2005, 2006, and 2007 are shown on the habitat delineation maps provided in
Appendix C and in shape files. Refined habitat delineation information collected during
habitat assessments also is incorporated on the delineation maps provided in Appendix C.
However, the habitat assessment data themselves are presented in other documents —
namely, the Phase 1 HA Report (supplemented with a 2007 Habitat Assessment Data
Summary Report) and the Phase 2 HA Report.

1.4 Format of HD Report
The remainder of this HD Report consists of the following sections:

e Section 2 details the overall approach, sources of information, and methods used to
produce maps delineating each of the four habitats.

e Section 3 describes the on-site and potential off-site reference areas (located in the

Hudson River upstream of the project area and in the Lower Mohawk River) that were
surveyed during the fall of 2003 and the summer of 2006.
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e Section 4 notes that the derivation and potential use of Functional Capacity Index (FCI)
models previously covered in that section are currently under discussion by GE and
USEPA as part of their collaboration on the development of alternative success criteria,
as detailed in Exhibit A of the Phase 1 Adaptive Management Plan (Phase 1 AM Plan;
QEA, 2008a).

e Section 5 presents the list of species for which Habitat Suitability Index (HSI) models
will be used as a supplement to the FCI models or other success criteria measures, if
necessary, to assess the fish and wildlife habitat functions of the project area for certain
species.

e Section 6 contains a list of the references that were used to prepare this HD Report.

In addition, a number of appendices are included in this report to provide more detailed
information on the habitat delineation activities, as well as the final habitat maps. These
appendices include: the habitat delineation groundtruthing locations within the project area,
plant species observed at these locations, and changes made to the preliminary habitat
maps based on the groundtruthing (Appendix A); plant species observed in aquatic
vegetation beds, riverine fringing wetlands, and shoreline assessment stations (Appendix
B); hard copy maps of the in-river habitat and adjacent land use within the project area
(Appendix C); groundtruthing locations in potential off-site reference areas and plant
species observed (Appendix D); side-scan sonar debris survey code descriptions (Appendix
E); and habitat suitability index models for selected species (Appendix F).

The hard copy habitat delineation maps provided in Appendix C show the boundaries for
the following information:

e Sediment types;

e Natural and maintained shoreline areas;

o Adjacent land use;

e Agquatic vegetation beds (submerged and floating);
e Floating aquatic vegetation;

e Trapa natans;
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¢ Riverine fringing wetlands;

e Backwater wetlands;

e Debris/debris areas identified using side scan sonar;
e Surface grain size sample locations;

e Surface total organic carbon sample locations;

e Groundtruthing station locations;

e Data gap probing locations; and

Habitat Assessment station locations.

This report includes a hardcopy of the habitat delineation maps and electronic versions of
the GIS shapefiles used to produce the maps. The March 30, 2006 version of the HD
Report electronic include data layers for the information listed above as ArcReader
“published map files”, with and without orthorectified vertical aerial photographs, on digital
versatile discs (DVDs). That HD Report also had an additional set of DVDs that contained
only the orthorectified vertical aerial photographs which were used as the basis for the
delineation maps Based on discussions with EPA, it was agreed that this revised HD
Report need not include those ArcReader maps or the additional DVDs with the
orthorectified vertical aerial photographs.

This HD Report uses English or metric units of measurement consistent with the standard

practice for the data being reported. Where appropriate, English conversions are applied to
metric units reported in the text or shown in the tables.
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2. Habitat Delineation
2.1 Overview of Approach

The four habitat types (unconsolidated river bottom, aquatic vegetation bed, shoreline, and
riverine fringing wetlands) of the Upper Hudson River potentially impacted (directly or
indirectly) by the remedial activities were delineated in accordance with the HDA Work Plan
using the following four-step process.

Step 1: Review of Existing Information - This step involved reviewing existing information
relevant to delineating the habitats in the Upper Hudson River. That information included
existing maps of the area (e.g., New York State Department of Environmental Conservation
[NYSDEC] and U.S. Fish and Wildlife Service [USFWS] National Wetland Inventory [NWI]
maps), existing aerial photography, historical aerial photography of the project area, existing
reports (e.g., Exponent, 1998; Law Environmental, 1991), and available information
collected under the Sediment Sampling and Analysis Program (SSAP) performed by GE in
2002 to support the RD (e.g., side-scan sonar [SSS] data). The specific information
reviewed and its use for each habitat type is described in subsections 2.2.1 through 2.2.4.

Step 2: Aerial Photography and Photo Interpretation, Preliminary Delineation Maps -
This step involved taking new aerial photographs in 2003 specifically for the habitat
delineation program, interpreting those photographs, and developing preliminary delineation
maps for each of the four habitats based on information collected during Step 1 and the
photo interpretation of the new (2003) aerial photography.

Step 3: Field Verification of Preliminary Habitat Maps - In this step, the preliminary
delineation maps were taken into the field, beginning with the 2003 field season, for
verification through groundtruthing. Groundtruthing included two distinct tasks: 1) “spot-
checking” specific areas identified from the aerial photographs to confirm the habitat
designations and delineations based on the photographs; and 2) collecting field survey
observations of the 40-mile project area to identify and delineate habitats that were not
readily discernible on the aerial photographs. Spot-checking involved selecting specific
locations on the aerial photographs on the basis of their signatures for subsequent
verification in the field. In 2003, spot-checking was conducted at a total of 13
unconsolidated bottom locations, 21 aquatic vegetation beds, 14 shoreline areas, and three
wetlands. Numerous points were examined within each of the habitat types during spot-
checking. The frequency and density of spot-checking were consistent with the amount of
dredging currently planned in each river section (i.e., highest in River Section 1 and lowest
in River Section 3 on a per-area basis). The spot-checking conducted in 2003 facilitated
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the delineation of habitats. In addition to the spot-checking, the 40-mile river area was field
surveyed to compare the in-field conditions with the preliminary habitat delineation maps
and to identify and delineate habitats that could not be clearly identified on the aerial
photographs. The specific locations at which groundtruthing activities were conducted are
shown by habitat type on Figures 2 through 14, and are listed, by geographic coordinates,
in Appendix A; the vegetation species observed at the aquatic vegetation bed, shoreline,
and riverine fringing wetland habitats are also listed in Appendix A.

Spot-checking habitat boundaries was also completed as part of the habitat assessments in
subsequent years. This latter type of spot-checking involved a visual assessment of the
delineated habitat boundaries, in particular for SAV, prior to the collection of assessment
data. When delineated boundaries had clearly changed from those indicated on the habitat
delineation figures, those boundaries were modified to reflect current conditions.
Specifically, in 2004, eight stations were reassessed (two unconsolidated river bottom
stations, one aquatic vegetation bed station, four shoreline stations and one riverine fringing
wetland station). In 2006, 26 habitat stations were reassessed (six unconsolidated river
bottom stations, 12 aquatic vegetation bed stations, six shoreline stations and two riverine
fringing wetland stations). In 2007, four unconsolidated river bottom stations, six shoreline
stations and two wetlands were reassessed. In addition, the remaining six riverine fringing
wetlands present in Phase 1 areas were also sampled. The sampling procedure for SAV
was revised in 2007 as described in the modified SOP (Appendix C of the Phase 2 HA
Report (QEA, 2008b). One hundred and fifty eight (158) aquatic vegetation locations in the
Phase 1 areas were sampled in 2007.

The results from this spot-checking from 2003 through 2007 were incorporated into the
habitat boundaries shown on the figures in Appendix C of this HD Report.

Subsequent spot checking/reassessment in field seasons before dredging begins will be
conducted in accordance with the approach described in Section 6.6 of the USEPA-
approved Phase 1 HA Report (BBL and Exponent 2005a). Prior to conducting these
reassessments, GE will propose the reassessment stations to be assessed, including the
allocation among habitat types, based on field conditions and data needs, to USEPA for
review and approval. The reassessment results will be provided to the USEPA in an
appropriate subsequent report.

Step 4: Digitized Habitat Maps - In this step, maps were produced by digitizing the
delineated habitat boundaries and overlaying them on orthorectified aerial photographs.
The digitized maps were then compared to field-verification maps, field notes, and original
aerial photographs to ensure that the digital maps accurately reflected the information
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sources. The digitized habitat maps showing the location and spatial extent of the four
habitat types in the Upper Hudson River are provided in Appendix C. As discussed above,
these maps are also provided electronically on a DVD accompanying this HD Report as
both portable document format (PDF) files and GIS shapefiles.

Each of the four steps in the HD process is described in more detail in the following
subsections. Habitat delineation of the land-based sediment processing facility is beyond
the scope of this HD Report.

2.2 Step 1: Review of Existing Information

Available information was compiled and reviewed for the preliminary delineation of
unconsolidated river bottom, aquatic vegetation bed, shoreline, and riverine fringing wetland
habitats as described in the subsections below. In addition, historical aerial photographs of
the Upper Hudson River available through the New York State Center for Geographic
Information in Albany, NY were reviewed for comparison with the 2003 photographs to
evaluate whether and how historical habitat conditions had changed. Historical aerial
photographs of the project area were available for the period 1947 through 2000. The 2001
digital orthoimagery from NY State was not used because it was only available in color
infrared, and subsequently developed digital orthoimagery (i.e., 2004, 2007, and 2008) was
not available at that time. The majority of the available historical aerial photographs were
taken in March, April and May. These photographs provide information on the land use
adjacent to the project area; however, they provide only limited information on the
distribution of aquatic vegetation beds and riverine fringing wetlands since the signature
vegetation for these habitats is not visible on aerial photographs during this period. Aerial
photographs are available for August 1990 and show the presence of water chestnut (Trapa
natans) beds, wetlands, and surface signatures of floating aquatic vegetation within the
project area. This information is discussed in greater detail for the specific habitat types in
the following subsections.

2.2.1 Unconsolidated River Bottom

River bottom not delineated as aquatic vegetation beds is classified as unconsolidated
(unvegetated) river bottom. This category includes some relatively small areas of exposed
bedrock and a wide-range of substrate types (i.e., cobble, sand, and silt) and debris. Two
principal sources of existing information were reviewed to initially delineate unconsolidated
river bottom habitat, including: 1) preliminary data from aquatic vegetation maps produced
by Law Environmental (1991) and Exponent (1998); and 2) the SSS data and supplemental
groundtruthing data, including sediment probing and confirmation core data that were
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collected by Ocean Surveys, Inc. (OSl) as part of the SSAP (OSI, 2003a, b). OSI used the
SSS data in its categorization of the sediments into five subclasses of sediment types,
which were presented in the Data Summary Report for Candidate Phase 1 Areas (QEA et
al.,, 2004a) and Phase 2 Data Summary Report (QEA et al., 2004b). These subclasses
were used in the habitat delineation effort to classify the unconsolidated river bottom based
on sediment type, as discussed further in subsection 2.6.1, below. In addition, the SSS data
were used to identify areas of the river bottom containing submerged debris.

Probing data collected in data gap areas in 2003 (QEA et al. 2004a) are also shown in
addition to the SSS data. In addition, data gap probing was completed to fill in data gaps for
those areas that could not be accessed with the side-scan sonar and to assist in the
interpretation of the SSS data. Those data gap locations are shown on the maps and the
information was incorporated into the sediment type mapping. (A separate type of data gap
sampling was completed in 2004 and 2005 to assist in delineating the dredge area
boundaries rather than confirm or alter sediment type boundaries. As such, those data are
not included in the habitat delineation report and maps.) The probing data provide a finer
scale resolution than the sediment types delineated by the SSS, and in some instances the
sediment type indicated by the probing data are different from the sediment type indicated
by the SSS, as the probing data represent an area of several inches, where the SSS data
represent an area on the order of acres.

2.2.2 Aquatic Vegetation Beds

Aquatic vegetation bed maps provided in the Law Environmental (1991) and Exponent
(1998) reports were used for preliminary documentation of the distribution of vegetated river
bottom habitat, particularly in River Section 1. These maps were used primarily to locate
areas known to support aquatic vegetation beds to aid in identifying those signatures on
aerial photography. In addition, the interpreted SSS data and data gap probing data were
used to assist in differentiating between unconsolidated and vegetated river bottom areas
and, in some cases, in identifying and verifying aquatic vegetation bed locations. As
indicated in subsection 2.2 above, available historical aerial photographs of the project area
were reviewed to determine whether the location and extent of current aquatic vegetation
beds have changed with time. The August 1990 photographs show several features,
including the presence of water chestnut beds at the west side of Griffin Island, Coveville,
Stillwater, Mechanicsville, Lock 2, and north of Quack Island. The August 1990 aerial
photographs also indicate the surface signatures of floating aquatic vegetation near River
Mile 193, above Thompson Island Dam, at Schuylerville and above Stillwater on the west
side of the channel.
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2.2.3 Shorelines

No existing information was available to preliminarily characterize shoreline habitats as
either maintained or natural (i.e., unconsolidated shore, as defined by Cowardin et al.,
1979) (see also HDA Work Plan [BBL, 2003b] for definitions). The August 1990 historical
aerial photographs show that the adjacent land use is primarily residential and industrial
mixed with agricultural between Locks 1 and 4, and largely agricultural between Locks 4
and 7. A narrow band of trees generally separates the active agricultural areas from the
river.

2.2.4 Riverine Fringing Wetlands

Wetlands in the Upper Hudson River that could potentially be impacted by remediation
activities (i.e., those along the immediate shoreline of the Upper Hudson River) are
relatively small, fringing, emergent wetlands. A new hydrogeomorphic (HGM) subclass of
“riverine fringing” wetlands has been used to classify the Hudson River wetlands. Riverine
fringing wetlands possess characteristics similar to traditional HGM classes of riverine and
tidal fringe, but riverine fringing wetlands have a unique combination of HGM setting and
hydrodynamics. Benches or slopes inside the river banks provide the HGM setting for
riverine fringing wetlands, and within-channel flow is the dominant water source.
Hydrodynamics have both vertical and horizontal components. The vertical component
results from seasonal changes in precipitation and evapotranspiration in the watershed and
episodic changes due to hydrofacilities on the river. The horizontal component results from
non-tidal river flow.

Several existing sources of information were reviewed in an effort to identify such wetlands,
including existing NWI and NYSDEC wetland maps of the project area, U.S. Geological
Survey (USGS) topographic maps, Federal Emergency Management Agency (FEMA)
maps of the area, Natural Resource Conservation Service soil surveys, and the Law
Environmental (1991) aquatic vegetation maps.

The August 1990 historical photographs indicate the occurrence of large wetlands at the
west shore above Thompson Island Dam, below Lock 6, Northumberland Bridge, Coveville,
east and west shores above Lock 2, and north of Quack Island.

The HDA Work Plan also stated that in the event that wetlands from other riverine HGM
subclasses, such as sheltered wetlands, are identified as being directly impacted by
dredging, those wetlands would also be delineated. Based on the Phase 1 Final Design
Report (Phase 1 FDR, BBL, 2006), Phase 1 of the dredging program would not directly
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impact any such wetlands. In addition, based on the Phase 2 Dredge Area Delineation
Report (Phase 2 DAD Report, QEA, 2007), it does not appear likely that Phase 2 dredging
would directly impact any such wetlands.

2.2.5 Data Gaps

To the extent available, historical information collected for each of the four habitat types was
used to aid in the habitat delineation process. Historical information was useful for providing
preliminary information on the distribution of habitats, particularly for unconsolidated river
bottom, aquatic vegetation bed habitats, and larger wetlands. No existing information was
available to characterize shorelines as either maintained or natural, or to determine the
location of most riverine fringing wetlands and other wetlands smaller than 12 acres.
Historical information was either dated (e.g., Law Environmental, 1991) or at a scale that
may have been too small to detect the small size of the riverine fringing wetland habitats.
For all habitats except unconsolidated river bottom (where surveys were conducted as part
of the RD Program), the historical information was incomplete for habitats in River Sections
1, 2, and 3. As a result, the additional steps described below were performed to satisfy
those data gaps.

2.3 Step 2: Aerial Photography and Photo Interpretation, Preliminary Delineation
Maps

Methods modified from Guidance for Benthic Habitat Mapping: An Aerial Photographic
Approach (National Oceanic and Atmospheric Administration [NOAA], 2001) were used to
develop preliminary maps of habitats in the Upper Hudson River in 2003. Specifically, the
four habitats (unconsolidated river bottom, aquatic vegetation bed, shoreline, and riverine
fringing wetlands) were delineated from 2003 aerial photographs. NOAA (2001) guidelines
were developed for mapping benthic habitats in tidal waters; the Upper Hudson is not tidal,
consequently methods to account for tidal changes were not incorporated into the aerial
photograph acquisition or groundtruthing procedures. Additionally, the NOAA (2001)
guidelines state that aquatic vegetation is at a peak during June. However, most species of
aquatic vegetation in the Upper Hudson River reach their peak (biomass or vegetation
height) in July through mid-September. This was accounted for in modifying the guidance.
Aerial photographs were acquired in July and August 2003.

As described in the HDA Work Plan, interpretation of vertical and oblique aerial
photography was the primary method used to delineate aquatic vegetation bed, riverine
fringing wetland, unconsolidated river bottom (by default, river bottom areas where no
aquatic vegetation beds were mapped), and shoreline habitats. Vertical aerial photographs
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used for photo interpretation were taken on July 29, 2003, with the exception of two images
near Galusha Island that were taken on August 15, 2003 (that area had been inadvertently
missed during the first flight). Additional vertical aerial photographs were taken on October
13, 2003 to aid in the orthorectification process, but not for delineation. Oblique aerial
photographs were taken on July 30 and 31, 2003. Because of sun angle interferences in the
July oblique photos, additional oblique aerial photographs of the east shoreline were taken
on August 15. Delineation photography was conducted during the peak vegetation growing
season (typically July through mid-September for the Upper Hudson River).

The following image acquisition protocols were used in the vertical aerial photography:
e Color negative film;

e Flight lines with a minimum 30% sidelap and 60% forward overlap to ensure
stereoscopic images;

e 17=1,000 scale;

¢ No substantial rainfall or wind events within 48 hours of image acquisition;
e 30- to 45-degree sun angle; and

e Less than 5% cloud cover.

Note that the vertical aerial photographs were taken at a scale of 1’=1000’ (rather than
1"=200’, as indicated in the HDA Work Plan) to facilitate acquiring imagery of the entire 40-
mile project area with a reasonable number of photographs that could be interpreted,
mapped, and groundtruthed within the same field season. This enlargement factor (5x) is
within the USACE photogrammetric mapping standards (USACE, 2002). The resolution of
the images allowed for the project area to be enlarged to the 1"=200’ scale as needed to aid
in interpretation and delineation. As discussed below, these photographs were enlarged
and digitally orthorectified to create the final habitat delineation maps at a scale of 1"=200’
in accordance with the HDA Work Plan.

Following acquisition, the vertical aerial photographs were interpreted in accordance with
the following guidelines. A classification system was used to facilitate interpretation of in-
river habitats and identify land use immediately adjacent to the river (see Table 2, below).
Interpretation was conducted using stereo pairs of the vertical aerial photographs and a
Sokkia MS27 mirror stereoscope at 3x magnification. The stereoscope was useful for
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delineating nearshore areas where riparian vegetation partially obscured aquatic vegetation
beds or riverine fringing wetlands. Hand held lenses with 5x and 10x magnification were
also used for delineating aquatic vegetation beds in areas where vertical separation was not
needed to accurately delineate the habitat. The density of the aquatic vegetation beds and
water chestnut beds were indicated on the maps according to a modified crown density
scale (adapted from Orth et al., 1991 and Steeves et al., 1999). River areas that were not
delineated as aquatic vegetation bed, water chestnut, or riverine fringing wetland were
mapped as unconsolidated river bottom habitat.

For areas partially obscured by riparian vegetation, the oblique aerial photographs were
also used to help identify habitat types and boundaries to the extent possible. In addition,
the oblique aerial photographs were used to preliminarily delineate natural and maintained
shoreline areas. Tributaries to the Upper Hudson River were not delineated or mapped.

After the interpretation of the aerial photographs, the approximate boundaries of the
identified habitats were transferred onto 1"=200’ scale base maps created from aerial
photographs flown in the spring of 2002 by Chas H. Sells, Inc., and these maps were used
for groundtruthing (described in the next section). It was not possible to digitize the habitat
boundaries interpreted from the aerial photographs to produce maps for use in the 2003
field groundtruthing activities, due to: 1) the significant amount of time required to color
check and print the photographs and to produce orthorectified digital images to use as the
base map for digitizing identified habitat boundaries; and 2) the need to conduct the
groundtruthing activities promptly and to complete the habitat assessment field work for the
candidate Phase 1 areas in the 2003 field season. Therefore, the interpreted boundaries
were promptly transferred onto the existing 1"=200° scale base maps for use in
groundtruthing (i.e., spot-checking and field surveys), and the 2003 aerial photographs were
subsequently used to produce orthorectified digital images to serve as the base map for the
final 1"=200’ scale habitat delineation maps, as described in subsection 2.5 below.
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Table 2 — Classification Signatures for Delineating Aquatic Vegetation Bed, Riverine
Fringing Wetland, Shoreline Habitats, and Adjacent Land Use

Classification — In River

Signature

Aquatic Vegetation Bed

Light green to green-brown to brown color and smooth to
bumpy texture. Signature varied based on water-depth and
species composition. Aquatic vegetation beds were mapped
as a single class although the beds include several species
of submerged aquatic vegetation (SAV) and floating aquatic
vegetation.

Water Chestnut

Light green to yellow-green leaves and smooth texture.
Water chestnut beds are a type of aquatic vegetation bed
but were mapped separately because it is an invasive
species.

Riverine Fringing Wetland

Dark green to light green to light brown color with mottled
and bumpy texture. Signature varied based on species
composition. Floating aquatic vegetation occasionally
present (light green to yellow-green color).

Shoreline

Natural shoreline areas indicated by presence of dense
vegetation (light green to dark green with varying texture).
Maintained areas are generally indicated by lack of
vegetation and/or presence of impervious surface, but also
include lawns, golf courses, and agricultural fields.

Classification — Adjacent
Land Use

Signature

Cropland / Row Crops

Light brown to light green to dark green colors. Areas
generally flat or gently sloped bordered by trees. Parallel
lines are generally present and indicate agricultural
management practices (e.g., tilling).

Pastureland

Light brown to light green to dark green colors. Areas
generally flat or gently sloped bordered by trees. No
indication of agricultural management practices (e.g., tilling).

Floodplain

Light green to dark green intermixed with dark brown to
black areas (indicating water). Varying vegetation heights
depending on species, but trees generally present.

Classification — Adjacent
Land Use

Signature

Maple/Basswood Rich
Mesic Forest

Dark green to green-brown color with bumpy to mottled
texture. Heights vary depending on species composition.

Emergent

Light green to dark green intermixed with dark brown to
black areas (indicating water). Vegetation heights limited.

Mowed Lawns with Trees

Light green to dark green. Smooth texture over a
homogenous area often bordered by trees. House(s)
present. Includes both residential and recreational areas.

Development/Infrastructure

Colors and texture varied. Indicated by presence of buildings
and/or impervious surfaces.
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2.4 Step 3: Field Verification of Preliminary Habitat Maps

Groundtruthing of the entire 40-mile project area was conducted in the 2003 growing
season before wetland and SAV plant senescence. Groundtruthing was conducted from
August 27 to September 18, 2003, and included two distinct tasks: “spot-checking” specific
areas identified from the aerial photographs; and a field survey of the entire 40-mile project
area to identify and delineate areas that were not readily discernible on the aerial
photographs. In general, groundtruthing efforts were concentrated in River Sections 1 and
2, with a lower level of effort in River Section 3, consistent with the amount of remedial
activity that is probable in each river section (BBL, 2003b). During groundtruthing, the
preliminary boundaries of each habitat determined through interpretation of the aerial
photographs were adjusted as necessary based on direct observations. In addition, habitat
features not visible from the aerial photographs, such as linear aquatic vegetation beds,
riverine fringing wetlands, and shoreline features partially obscured by riparian cover, were
added to the preliminary maps (Eckerlin and Bain, 2003; Schulz et al., 2003; Nieder et al.,
2004). The locations of the habitats identified in the field were recorded on the 17=200’
preliminary maps using reference landmarks and/or differential global positioning system
(DGPS). All DGPS data points were post-processed prior to inclusion on the final maps
provided as Appendix C.

For groundtruthing, a pontoon boat equipped with an outboard engine was navigated
through River Sections 1, 2, and 3. Separate teams for each habitat type were equipped
with the appropriate preliminary maps and aerial photographs, and as the boat moved along
the river, the teams verified or adjusted, as necessary, the preliminary habitat delineations.
The specific locations at which the boat stopped to complete groundtruthing activities are
listed, by geographic coordinates, in Appendix A and are shown on the habitat maps
presented in Appendix C and on Figures 2 through 14.

The pontoon boat that was used to field-verify habitats could not access the land-locked
area between the Fort Miller Dam and the Thompson Island Dam. Therefore, for this land-
locked area, a small Jon boat with an outboard motor was used to groundtruth habitats
using the same methods as those in other river sections.

Additional field verification of the aquatic vegetation bed, unconsolidated river bottom and
riverine fringing wetland boundaries was completed as part of the habitat assessments and

reassessments in 2004, 2005, 2006, and 2007, as described in the following subsections.

Specific field verification methods and finalized habitat maps for each habitat type are also
described in more detail in the following subsections.
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2.4.1 Unconsolidated River Bottom

SSS data were field verified during the SSAP investigations (OSI, 2003a, b), and therefore
field verification of those data was not repeated as part of the habitat delineation program.
To ground truth the sonar imagery data, push probing was conducted at 1,895 locations
during surveys of River Sections 1 and 3 in 2002 and at 467 locations during the 2003
survey of River Section 2. An onboard geologist performed the push probing while the
survey vessel was surveying on-line. Push probing into the bottom while surveying is
relatively simple and immediately provided information to the geologist about the bottom
sediments, and later added to the final interpretation and mapping of sediment distribution.
The probing results and coordinates were logged as target files using the sonar acquisition
software. Probing results and sonar images were evaluated during the course of the survey
to determine locations for confirmatory grain size sampling in each river section.

The confirmatory sediment sampling for grain size was conducted at 146 locations in River
Section 1, 133 locations in River Section 2, and 150 locations in River Section 3. The
locations at which confirmatory samples were collected were selected by OSI's geophysical
specialist and a QEA representative based on a cursory review of the sonar imagery in the
field (OSI, 2003a). Cores were collected in 3-inch (outside diameter) Lexan® tubing using
push coring techniques. The sediment cores were extruded on the sampling vessel and the
top 1 inch (the depth to which the side-scan sonar can penetrate) was collected for grain
size measurement. On average, four cores were collected at each location to assure
proper sample volume. In areas where sediment cores could not be collected, ponar grab
samples were collected. The samples then underwent laboratory grain size analysis. The
Data Interpretation Report - Side Scan Sonar Survey Investigation for Hudson River - River
Sections 1 and 3, Fall 2002 (OSI, 2003a), which includes tabulated results of the
confirmatory core grain-size analyses, was presented as an appendix to the Supplemental
Sediment Sampling and Analysis Program-Field Sampling Plan (Supplemental SSAP-FSP
(QEA, 2003). Tabulated grain size results for confirmatory cores collected in River Section 2
were included in the Data Interpretation Report - Side Scan Sonar Survey Investigation for
Hudson River - River Section 2, Spring 2003 (OSI, 2003b) submitted to the USEPA in
October 2003.

In addition to the confirmatory sediment sampling, data gap probing was conducted in 2003
in areas that were not covered by the side scan sonar survey. The goal of the probing was
to identify areas of fine-grained sediment that should be included in the coring program.
The results of the data gap probing are shown on the maps in Appendix C. Additional data
gap probing was conducted in 2004 and 2005 data gap probing was completed to assist in
delineating dredge areas rather than sediment type mapping and are not included in this
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report. The results for the 2004 data gap sampling are provided in the Supplemental
Delineation Sampling Program Data Summary Report (QEA and ESI, 2005). The results
for the 2005 data gap sampling are provided in the Supplemental Delineation Sampling
Program Data Summary Report (QEA and ESI, 2006). No data gap probing was conducted
in 2006 or 2007.

Preliminary delineations of unconsolidated river bottom habitats were verified through spot-
checking of representative areas in each river section that were not initially delineated as
aquatic vegetation beds. To verify that no aquatic vegetation was present, an underwater
video camera (Seaviewer Sea-Drop™ 550 Series) linked to an Action® 5-inch color
television (TV) monitor was lowered from the boat to observe the bottom. This process was
repeated in 2003, 2004, 2005, 2006, and 2007 prior to conducting habitat
assessments/reassessments at the unconsolidated river bottom stations.

2.4.2 Aquatic Vegetation Beds

For groundtruthing of aquatic vegetation habitats, the vessel covered areas less than 4.5
meters (m) (15 feet) deep and outside of the navigation channel in the project area.
Previous aquatic vegetation bed delineation in the Upper Hudson River showed that the
beds are rarely present in waters deeper than 9 feet, primarily due to light limitation
(Exponent, 1998). Data collected for this program indicate that aquatic vegetation beds are
most likely to occur within the 4 to 6 foot depth range (at 5,000 cfs). At spot-checking
locations (i.e., those locations where questions about signatures on the aerial photographs
or previous habitat delineation information existed), the vessel was positioned over the
shallow edge of the aquatic vegetation bed and the position was recorded with a DGPS
unit. The vessel moved along a transect perpendicular to the river and when depth, species
composition, or water clarity changed, the vessel stopped and the location was recorded
with a DGPS unit. If plants could not be identified from the surface, an underwater video
camera (Seaviewer Sea-Drop™ 550 Series) linked to an Action® 5-inch color TV monitor
was lowered from the boat to observe any aquatic vegetation. The vessel continued to
move away from shore, out of the aquatic vegetation bed, across the channel and into the
aquatic vegetation bed (if any) on the opposite shore. The percent cover of the bed was
determined based on visual observations from two observers and the average of the two
observations recorded on the preliminary habitat maps. Data collected were recorded in
field logbooks and species are listed, in order of dominance, in Appendix A.

At field survey locations, the vessel was positioned over the deep edge of the aquatic

vegetation bed. The location of the deep edge was initially determined using an on-board
depth finder. This instrument provided suitable resolution for initially determining the
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presence or absence of the aquatic vegetation. To verify the extent of aquatic vegetation,
an underwater video camera (Seaviewer Sea-Drop™ 550 Series) linked to an Action® 5-
inch color TV monitor was lowered from the boat to observe the deep edge of the aquatic
bed. A distance range finder (Bushnell® Digital Yardage Pro) was used to compare and, if
necessary, correct the dista