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NDCT
NGVD
NJAC
NJDEP
NJOEM
NJPDES
NMFS
nmi
NO,
NOAA
NOXx
NPDES
NRC
NRCS
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ACRONYMS AND ABBREVIATIONS (CONTINUED)

Definition
million gallons
milligrams per liter
million gallons per day
million gallons per month
million gallons per year
mile
micrograms per cubic meter
millimeters
miles per hour
Metropolitan Planning Organization
mean sea level
metric tonne
Municipal Utilities Authority
megawatt
megawatt electric
megawatt thermal
North American Vertical Datum of 1988
natural draft cooling towers
National Geodetic Vertical Datum of 1929
New Jersey Administrative Code
New Jersey Department of Environmental Protection
New Jersey Office of Emergency Management
New Jersey Pollutant Discharge Elimination System
National Marine Fisheries Service
nautical miles
nitrogen dioxide
National Oceanic and Atmospheric Administration
nitrogen oxides
National Pollutant Discharge Elimination System
U.S. Nuclear Regulatory Commission

Natural Resource Conservation Service
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Acronym
NRHP

NWI
NWR
OSHA
PCB
pCi/L
PHI
PJM
PMo
PM; 5
PMF
PMH
PPE
ppm

ppt
PRM

PRPA
PSE&G
PSEG
PWR
RERP
RFMC
RG
RM
SACTI
SAV
SGS
SHPO
SJPC
SJTPO
SO,
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ACRONYMS AND ABBREVIATIONS (CONTINUED)

Definition
National Register of Historic Places
National Wetland Inventory
National Wildlife Refuge
Occupational Safety and Health Administration
Polychlorinated biphenyls
picoCurie per liter
Pepco Holdings, Inc.
PJM Interconnection, LLC
particulate matter smaller than 10 microns in diameter
particulate matter smaller than 2.5 microns in diameter
probable maximum flood
probable maximum hurricane
plant parameter envelope
parts per million
parts per thousand
Potomac-Raritan-Magothy
Philadelphia Regional Port Authority
Public Service Electric & Gas Company Inc.
PSEG Power, LLC and PSEG Nuclear, LLC
pressurized water reactor
Radiological Emergency Response Plans
regional fisheries management councils
Regulatory Guide
river mile
Seasonal/Annual Cooling Tower Impact
submerged aquatic vegetation
Salem Generating Station
State Historic Preservation Office
South Jersey Port Corporation
South Jersey Transportation Planning Organization
sulfur dioxide
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Acronym
SO,

sQ. mi.
SSAR
SSC

Sv

SWS
TMDL
TNRES
TNTC
TSS

U.S. EPR
USACE
US-APWR
USCB
USDA
USEPA
USFWS
USGS
UwB
VOC

vpd
WILMAPCO
WMA
WRS

yr
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ACRONYMS AND ABBREVIATIONS (CONTINUED)

Definition
sulfur oxides
square mile
Site Safety Analysis Report
structures, systems, and components
Sievert
service water system
total maximum daily load
Total Non-Filterable Residue
too numerous to count
total suspended solids
U.S. Evolutionary Power Reactor
U.S. Army Corps of Engineers
U.S. Advanced Pressurized Water Reactor
U.S. Census Bureau
U.S. Department of Agriculture
U.S. Environmental Protection Agency
U.S. Fish and Wildlife Service
U.S. Geological Survey
Upper Wetland Boundary
volatile organic compounds
vehicles per day
Wilmington Planning Council
Wildlife Management Area
wetland restoration site

year
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CHAPTER 2
ENVIRONMENTAL DESCRIPTION

2.1 SITE LOCATION
211 DESCRIPTION OF THE EXISTING PSEG GENERATING STATIONS

The existing 734-acre (ac.) Salem Generating Station (SGS) and Hope Creek Generating
Station (HCGS) site is located on the southern part of Artificial Island on the east bank of the
Delaware River in Lower Alloways Creek Township, Salem County, NJ. Currently, 373 ac. of
this property is used by the HCGS and SGS (153 and 220 ac., respectively). The
remaining 361 ac. of the property are comprised of developed upland areas in industrial use,
a variety of wetland types, and maintained stormwater management facilities such as
swales and detention basins. Much of this land has previously been developed and disturbed
for various power plant uses. PSEG Power, LLC and PSEG Nuclear, LLC (PSEG) are
developing an agreement in principle with the U.S. Army Corps of Engineers (USACE) to
acquire an additional 85 ac. immediately to the north of HCGS as shown on Figure 3.1-2. |
Therefore, with the land acquisition, the entire PSEG Site will be 819 ac. The specific timing of
land acquisition is not currently known and is subject to further PSEG and USACE actions.
However, the agreement in principle with the USACE will serve to establish the basis for
eventual land acquisition and exclusion area boundary (EAB) control, necessary to support
the issuance of a future combined license (COL).

HCGS is a one-unit boiling water reactor (BWR) with a current licensed thermal power of
3840 megawatts-thermal (MWt). HCGS has a closed-cycle cooling system consisting of a
natural draft cooling tower and associated withdrawal, circulation, and discharge facilities.
The closed-cycle cooling system withdraws water from the Delaware River for the
circulating water system (CWS) and service water system (SWS) through a single intake
structure. Cooling tower blowdown and other station effluents are discharged to the Delaware
River through an underwater pipe located near the shoreline approximately 1500 feet (ft.)
north of the intake. The HCGS intake withdraws an average of 67 million gallons per day
(Mgd) from the Delaware River. PSEG is authorized by the Delaware River Basin
Commission (DRBC) and New Jersey Department of Environmental Protection (NJDEP) for
withdrawal and consumptive use by HCGS of groundwater and brackish water from the
Delaware River.

SGS consists of two pressurized water reactors (PWR). Each unit has a current licensed
thermal power of 3459 MW1t. SGS has a once-through CWS for condenser cooling that
withdraws water from, and discharges water to, the Delaware River. The intake structure for the
CWS is located at the southwest corner of the PSEG property. The SWS has an independent
intake structure located north of the CWS intake. The discharge of the SGS is through a
submerged pipe that extends approximately 500 ft. into the river. PSEG has a New Jersey
Pollutant Discharge Elimination System (NJPDES) permit for the SGS that limits intake flow
from the Delaware River to a 30-day average of 3024 Mgd of circulating water. PSEG is
authorized by the DRBC and NJDEP for withdrawal and consumptive use by SGS of
groundwater and water from the Delaware River (Reference 2.1-1).
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21.2 SITE LOCATION AND GENERAL SETTING

The location for the construction and operation of the new plant is north of HCGS on the
northwestern portion of the PSEG Site in Lower Alloways Creek Township, New Jersey (NJ).
Figures 2.1-1 and 2.1-2 depict the location of the new plant site within the context of the
50-mile (mi.) region and the 6-mi. vicinity, respectively. Figure 2.1-3 presents an oblique aerial
photograph of the PSEG Site. Location of the centerpoint of the new plant has been
calculated based upon a composite drawing of the four reactor technologies considered in this
early site permit application (ESPA):

Latitude: 39°28'23.744” North
Longitude: 75°32'24.332” West

The Delaware River borders the western and southern sides of the property currently owned by
PSEG. Lands developed by the USACE as confined disposal facilities (CDF) for the placement
of material dredged from the Delaware River are located immediately north of the PSEG
property along the east bank of the river. Lands consisting of tidal marsh are located to the
north and east of the property. The proposed site is located 15 mi. south of the Delaware
Memorial Bridge near river mile (RM) 52 on the east side of the Delaware River. The portion of
the river flowing adjacent to the site is 2.5 mi. wide. The site is 18 mi. south of Wilmington,
Delaware (DE) and 30 mi. southwest of Philadelphia, Pennsylvania (PA). Other nearby
communities in NJ include the city of Salem, located 7-1/2 mi. to the northeast and town of
Pennsville located 9 mi. to the north. Middletown, DE is located 7 mi. to the west. The river
area adjacent to the proposed site is a Transition Zone between the Delaware Bay (to the
south of the site) and the Delaware River (to the north of the site). This Transition Zone extends
from Marcus Hook, PA downriver to Artificial Island (Reference 2.1-22).

The creation of Artificial Island began around 1900 by the USACE with the disposal of hydraulic
dredge spoils within a diked area established around a naturally occurring sandbar that
projected into the river (Reference 2.1-3). Over the years, the diked area was enlarged to
accommodate additional spoils materials produced as a result of maintenance dredging of the
Delaware River navigation channel. As this area was filled in and enlarged, it became known
as Atrtificial Island. The elevation of the terrain across the PSEG Site generally ranges from 5
to 15 ft. North American Vertical Datum 1988 (NAVD). Developed areas of the site are
nominally 10 to 12 ft. NAVD.

The nearest residences to the new plant site are located 2.8 mi. west in DE, and 3.4 mi. east-
northeast of the PSEG Site near Hancocks Bridge, NJ. The nearest population center distance
(defined in 10 CFR 100, Reactor Site Criteria, as the distance from the reactor to the nearest
boundary of a densely populated center with 25,000 residents or more) is Wilmington, DE,
which is located 18 mi. to the north of the new plant. The area within 15 mi. of the site primarily
consists of coastal and freshwater wetland systems, or is used for agriculture. The nearest
heavy industries are an oil refinery 8.9 mi. to the northwest, and three manufacturing facilities
between 7.6 mi. and 8.7 mi. to the northeast.

There are no major airports, accessible highways, or railroads within 7.5 mi. of the new plant
site, and the only current land access to the site is a road constructed by PSEG. Philadelphia
International Airport is the closest major airport and is located 30 mi. to the northeast. New
Castle County Airport in DE is also a small regional airport located south of Wilmington that
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offers a small number of commercial operations. The closest railroad is a Southern Railroad
Company of New Jersey rail line located 8 mi. to the northeast. Route 49 is the closest highway
in NJ, and is located 7.5 mi. to the northeast. An access road connects the PSEG Site to an
existing secondary road 3.6 mi. to the east. The PSEG Site can also be accessed from the
Delaware River. Barge access to SGS is located at the southern end of Artificial Island,
whereas barge access to HCGS is provided by a barge slip on the western side of Atrtificial
Island.

Chapter 3.0 provides a description of the proposed plant including the reactor and containment
systems, site general arrangements, cooling water system, waste management systems, and
transmission system. Site Safety Analysis Report (SSAR) Chapter 1 provides a description of
the plant parameter envelope for the new plant.

2.1.3 REFERENCES

2.1-1 Delaware River Basin Commission, Approval to Revise Delaware River Basin
Compact, Docket No. D-68-20 (Revision 20), West Trenton, New Jersey,
September 26, 2001.

2.1-2 Santoro, E.D., Delaware Estuary Monitoring Report, Covering Monitoring
Developments and Data Collected or Reported during 1999 — 2003, Prepared for the
DRBC and Delaware Estuary Program, Trenton, New Jersey, 2004.

2.1-3 U.S. Army Corps of Engineers, Early Days, 1877-1915, Philadelphia District website at
http://www.nap.usace.army.mil/sb/Time 1877-1915.pdf, accessed March 8, 2009.

Rev. 1
2.1-3



PSEG Site
ESP Application
Part 3, Environmental Report

2.2 LAND

This section describes the terrestrial characteristics of the site, the vicinity, the region, the
existing transmission line corridors and other off-site areas. The land use for the site and
proposed causeway is analyzed using the New Jersey Land Use/Land Cover (LULC) database.
In contrast, the U.S. Geological Survey (USGS) LULC database is used to analyze land use for
the vicinity and region as this provides for a more unified database for the multiple jurisdictions
within the larger region (DE, NJ, PA, and Maryland [MD]).

2.21 THE SITE AND VICINITY
2211 The Site

The PSEG Site is defined as the land area owned by PSEG at the time of licensing. PSEG is
developing an agreement in principle with the USACE to acquire an additional 85 ac.
immediately to the north of HCGS. Therefore, with the land acquisition, the entire PSEG Site
will be 819 ac. The specific timing of land acquisition is not currently known and is subject to
further PSEG and USACE actions. However the agreement in principle with the USACE will
serve to establish the basis for eventual land acquisition and EAB control, necessary to
support the issuance of a future COL.

Subsequent to the agreement in principle with the USACE, PSEG will develop a lease
agreement for the USACE CDF land to the north of the PSEG Site, depicted on the Site
Utilization Plan for the concrete batch plant and temporary construction/laydown use. At the
completion of construction, the leased land will be returned to the USACE, subject to any
required long-term EAB control conditions.

The lands to be acquired are currently part of the 305 ac. of lands that comprise the Artificial
Island CDF owned by the USACE (Reference 2.2-11). This CDF area has been used since
around 1900 as a disposal area for materials derived from maintenance dredging of the
navigation channel in the Delaware River (Reference 2.2-12).

HCGS and SGS occupy 373 ac. of the 734-ac. site currently owned by PSEG. The land use
within the property boundary is industrial. The elevation of the terrain across the PSEG Site
generally ranges from 5 to 15 ft. NAVD (Reference 2.2-3). The habitat surrounding the PSEG
Site has been characterized as tidal marsh and grassland with some upland woodland
vegetation. The Delaware River is located adjacent to the western and southern boundaries of
the PSEG Site and barge slips located along the southern and western boundaries of the site
provide access from the river to the SGS and HCGS, respectively.

Based on analysis of NJ LULC data, major land uses within the property boundary include
industrial, herbaceous and coastal wetlands, old field, built-up, and undeveloped rights-of-way.
Figure 2.2-1 presents the types and distribution of land use on the PSEG Site, and Table 2.2-1
provides the area for each of the land use categories. Dominant land uses on the PSEG Site are
disturbed lands that were either previously used to support the construction of SGS and HCGS
or wetlands that are dominated by monotypic populations of common reed (Phragmites
australis). These dominant land uses include industrial (29 percent), Phragmites-dominated
coastal wetlands (19 percent), and Phragmites-dominated interior wetlands (15 percent). Old
field and urban or built-up land account for 9 and 7 percent of the site, respectively. The
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remaining area of the property includes altered lands, artificial ponds, deciduous
brush/shrubland, deciduous scrub/shrub and herbaceous wetlands, disturbed wetlands,
recreation land, tidal-related lands, transportation/communication/utilities and upland rights-of-
way. No railroads, roads, or transmission corridors (other than those that serve SGS and HCGS)
traverse or are located near the PSEG Site. Additionally, no prime farmland soils occur within the
boundaries of the site (Reference 2.2-9). Large portions of the PSEG Site were disturbed
previously for construction of SGS and HCGS, or were used for dredge material disposal by the
USACE.

As indicated in the Salem County Farmland Preservation Plan (Reference 2.2-4), the county lies
within the Atlantic Coastal Plain, which is composed of a sequence of unconsolidated highly
permeable to relatively impermeable quartzose gravel, sand, silt, glauconitic sand (greensand),
and clay strata. Therefore, the principal mineral sources within Salem County are sand and
gravel. No gravel and sand mining operations occur on-site.

Coastal Zones

The federal Coastal Zone Management Act (CZMA) was promulgated to encourage and assist
states and territories in developing management programs that preserve, protect, develop,
and, where possible, restore the resources of the coastal zone. A coastal zone is generally
described as the coastal waters and the adjacent shore lands strongly influenced by each
other. This includes islands, transitional and intertidal areas, salt marshes, wetlands, beaches,
and Great Lakes waters. Activities of federal agencies affecting coastal zones shall be
consistent with the approved coastal management program (CMP) of the state or territory to
the maximum extent practical. The CZMA provisions apply to all actions requiring federal
approval (e.g. new plant licenses, license renewals) that affect the coastal zone in a state or
territory with a federally approved CMP. The proposed early site permit (ESP) for a new plant
at the PSEG Site is subject to the CZMA, and as such, a NJ coastal zone consistency
determination has been requested.

The New Jersey State Planning Commission has approved a State Plan Policy Map to
delineate a “Heavy Industry-Transportation-Utility Node” on Artificial Island. The State
Planning Commission adopted the New Jersey Department of Environmental Protection’s
(NJDEP) recommendation that the boundary of the Node include 501 ac. of the 734-ac. SGS
and HCGS site. On December 2, 2002, NJDEP amended the Coastal Area Facility Review Act
(CAFRA) Planning Map to include the Energy Facility Node, recognizing among other things
that this designation enables the PSEG nuclear facilities to be maintained and upgraded. The
Node designation allows for increased impervious cover and intensity use as provided in New
Jersey Administrative Code (NJAC) 7:7E-5.3, Section VI.C.2, Impervious cover requirements
that apply to sites in the upland waterfront development and CAFRA areas, and NJAC 7:7E-
5.4, Section VI.C.3, Vegetative cover requirements that apply to sites in the upland waterfront
development and CAFRA areas.

2.2.1.2 The Vicinity

The vicinity of the PSEG Site is defined as the area within a 6-mi. radius of the new plant
centerpoint. New Castle, DE and Salem, NJ are the only two counties located within the 6-mi.
vicinity (Figure 2.2-2). Most of the land surrounding the site is owned by the federal government
(under control of the USACE) and the State of New Jersey. Of the USACE land to the north of
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the site, 305 ac. is developed for use as a CDF facility. Vehicle access to the PSEG Site is via a
road constructed by PSEG, which connects to an existing secondary road 3.6 mi. to the east.
The land in the Coastal Lowlands subregion of the Atlantic Coastal Plain is characterized by low
elevation lands and low topographical relief. This subregion is characterized by poor drainage,
shallow water tables, abundant wetlands, and tidal streams and rivers. Land uses within this
subregion included agriculture (27 percent), barren land (1 percent), forest (20 percent), urban
(6 percent), and wetlands (46 percent) (Reference 2.2-1).

According to the USGS 2006 Minerals Yearbooks (for DE and NJ) (References 2.2-15 and 2.2-
16), the principal mineral resources in New Castle and Salem Counties are sand and gravel. No
sand and gravel mining operations were identified within the vicinity.

Based on geographical information system (GIS) analysis of USGS LULC, three major land
uses (agriculture, open water and wetlands) account for 94 percent of the total 73,711 ac.
within the vicinity. Table 2.2-2 presents the acreage for each of 13 land uses within the vicinity.
Open water (primarily the Delaware River) represents 36 percent of the total vicinity area, while
wetlands (emergent herbaceous and woody wetlands) and agriculture represent 35 percent and
23 percent, respectively. Developed land, forests, and barren land account for the remaining land
use. Figure 2.2-2 defines the areas within DE and NJ that are included within the vicinity area
and depicts the distribution of the land cover and land use within this area.

Figure 2.2-2 identifies four wildlife management areas (WMAs) that are located within the vicinity.
Two are located in New Castle County (Augustine and Cedar Swamp WMAs), and two in Salem
County (Abbotts Meadow and Mad Horse Creek WMASs). Augustine and Cedar Swamp WMAs
represent a total of 8182 ac. devoted to wildlife management and protection (Reference 2.2-2);
and Abbotts Meadow and Mad Horse Creek WMAs total 10,509 ac. (Reference 2.2-6).

As shown in Figure 2.2-2, there are no accessible highways or railroads within 7.5 mi. of the
PSEG Site. In relation to the new plant centerpoint, DE Route 9 is located 3 mi. to the west at
its nearest point. DE Routes 1 and 13 are located just over 5 mi. to the west. New Jersey Route
49 is located 7.5 mi. to the northeast, and Interstate 295 and the Delaware Memorial Bridge are
15 mi. to the north (Figure 2.2-5). The nearest railroad is located in Salem, 8 mi. to the northeast.

Figure 2.2-3 identifies prime farmland and farmland of unique or statewide importance within
the vicinity of the PSEG Site. These areas that may be affected by access road development
are identified using soil information (types and slopes) specified as prime by the U.S.
Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS). Prime
farmland of statewide importance is located in uplands east of the PSEG Site. In contrast,
farmlands of “unique” importance correspond to lands within the coastal wetlands and may
relate to the historical use of some of these areas for salt hay farming. As illustrated in Figure
2.2-3, upland areas east of the PSEG Site have also been designated by Salem County as
“Farm Project Area #3.” However, no specific tracts having restrictions as preserved
farmlands have been identified within 7 mi. of the site.
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222 REGION

The region within which the PSEG Site is located is defined as the area within a 50-mi. radius of
the new plant centerpoint. All or parts of 25 counties in four states (three in DE, seven in MD,
seven in NJ, and eight in PA) are within this region (Figure 2.2-4). The land in the region lies
within the Coastal Lowlands, Middle Coastal Plain and Inner Coastal Plain subregions of the Mid-
Atlantic Coastal Plain. Characteristics of the Coastal Lowlands are given in Subsection 2.2.1.2
for the vicinity and are typical for the region. The Middle Coastal Plain is the other major
subregion near the plant site. It is characterized by variable drainage, abundant forests, low
topographic elevations and low to moderate relief. Land uses for the Middle Coastal Plain are
variable and include agriculture (27 to 39 percent), barren land (1 to 2 percent), forest (38 to

60 percent), urban (3 to 7 percent), and wetlands (9 to 21 percent). Similarly, the land use
distribution for the Inner Coast Plain is composed of agriculture (23 to 28 percent), barren land

(2 to 3 percent), forest (46 to 59 percent), urban (10 to 16 percent), and wetlands (6 to 7 percent)
(Reference 2.2-1).

Figure 2.2-4 delineates the areas within DE, MD, NJ and PA that are included within the region
and depicts the distribution of the land cover and land use. Based on analysis of USGS land
cover and land use classifications, four major land uses (agriculture, forests, open water, and
developed lands) account for 89 percent of the total area (5,024,234 ac.) within the region.
Table 2.2-2 presents the acreage for each of 13 land uses within the region. Agricultural uses
represent 37 percent of the total region area, while forests (deciduous, evergreen and mixed)
account for approximately 24 percent. Open water (principally the Delaware Bay, Delaware River
and Chesapeake Bay), accounts for 16 percent of the regional area and developed lands (open
space and low to high intensity) represent 13 percent. Wetlands (10 percent) and barren land

(1 percent) account for the remaining land use.

As indicated in the preceding paragraph, agriculture is one of the major land uses in the region.
Within the region, four counties are likely to be the most affected due to their proximity to the
PSEG Site. These counties are New Castle in DE, and Cumberland, Gloucester, and Salem in
NJ. Data from the USDA, 2007 Census of Agriculture, (Reference 2.2-13) for these four counties
indicate that the principal agricultural crops are corn, wheat, barley, soybeans, forage,
vegetables and fruits. The breakdown of crops, acreages, and yields for each of the counties is
shown in Table 2.2-5. New Castle County produced a total of 3,340,399 bushels (bu.) of corn,
wheat, barley, and soybeans in 2007 on a total of 51,789 ac, while Salem County had the second
highest yield for these four crops at 3,294,991 bu. on a total of 75,160 ac. These two counties
also had the highest yields of forage, 12,551 dry tons for New Castle County and 27,112 dry tons
for Salem County. Cumberland and Gloucester had much lower yields for corn, wheat, barley,
soybeans, and forage, but had 1424 and 4497 ac. in fruit crops. Data on fruit yields in New
Castle and Salem Counties were not available. Vegetable yields were minimal in New Castle
County (769 ac.) and ranged from 9847 to 11,786 ac. in Cumberland, Gloucester, and Salem
Counties.

As shown in Figure 2.2-5, several major highways are located within the region and include
Interstates 76, 95, 276, 295, 476, 495 and 676. Other principal roadways include NJ

Route 55, the NJ Turnpike, the Garden State Parkway, and the Atlantic City Expressway.
The Delaware Bay, Delaware River, Chesapeake and Delaware Canal, and the Chesapeake
Bay represent the major waterways within the region. Major rail lines or rail systems include
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those owned by Conrail, Southeastern Pennsylvania Transportation Authority, Port Authority
Transit Corporation, and Southern Railroad of New Jersey (References 2.2-8 and 2.2-10).

There are no Native American tribal land use plans in the region.
223 TRANSMISSION LINE AND OFF-SITE AREAS
2.2.3.1 Existing Transmission Corridors

As described in Subsection 3.7.2, presently, there are two 500 kilovolt (kV) transmission lines
to the HCGS switchyard from off-site, and one 500 kV tie line from HCGS to the SGS
switchyard. One off-site line is a tie to the Red Lion Switching Station, located northwest in
New Castle County, DE, and the other line is a tie to the New Freedom Switching Station,
located northeast in Camden County, NJ. Red Lion and New Freedom are 500/230-kV
switching stations approximately 40 mi. apart. All three lines are physically independent
sources of off-site power to HCGS.

In addition, there are two 500 kV transmission lines to the SGS switchyard from off-site, and
one 500 KV tie line from SGS to the HCGS switchyard. Both off-site lines are ties to the New
Freedom Switching Station, described above. All three lines are physically independent

sources of off-site power to SGS and are available for either or both units (Subsection 3.7.2).

The transmission corridor rights-of-way range from 200 ft. to 350 ft. wide. The three corridors
cross Camden, Gloucester and Salem counties in NJ, and New Castle County in DE, and are
approximately 102 mi. in total length. One of these corridors is shared by two transmission lines.
Land uses along these existing corridors are dominated by marshland, agricultural lands,
forested lands, and water. The transmission line to New Castle County crosses the Delaware
River to the north of the PSEG Site. The three transmission line corridors are shown on Figure
2.2-6 and contain the following lines:

o Hope Creek-New Freedom — This 500 kV line, which is operated by Public Service
Electric and Gas (PSE&G), extends northeast from HCGS for 43 mi. in a 350-ft. wide
corridor to the New Freedom switching station north of Williamstown, NJ. This line
generally shares the corridor with the 500 kV Salem-New Freedom line. During 2008, a
new substation (Orchard) was installed along this line, dividing it into two segments.

e Salem-New Freedom — This 500 kV line, which is operated by PSE&G, runs northeast
from SGS for 50 mi. in a 350-ft. wide corridor to the New Freedom Switching Station |
north of Williamstown, NJ. This line generally shares the corridor with the 500 kV
HCGS-New Freedom line.

o Hope Creek-Red Lion — This 500 kV line extends north from HCGS for 13 mi. It then
continues west over the Delaware River approximately 4 mi. to the Red Lion substation
in Delaware. In NJ the line is operated by PSE&G, and in DE it is operated by Pepco
Holdings, Inc. (PHI). Two-thirds of the 17-mi. corridor is 200 ft. wide, and the
remainder is 350 ft. wide.
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e Salem-New Freedom South - This 500 kV line operated by PSE&G extends northeast
from SGS for 42 mi. in a variable width but generally 350-ft. wide corridor from Salem
to the New Freedom substation north of Williamstown, NJ.

Existing land uses along these transmission lines are assessed based on analysis of USGS
LULC data. A 500-ft. wide corridor centered on the existing rights-of-way is used to
characterize baseline land uses along the existing corridors. Three major land uses are
identified (agriculture, forests, and wetlands) that collectively account for the majority of the
6920 ac. within the three transmission line corridor rights-of-way. Table 2.2-3 presents the
acreage for each of 13 land uses along the transmission line corridors. Agriculture (pasture hay
and cultivated crops) represents 39 percent of the total transmission line corridor right-of-way
areas, while forests (deciduous, evergreen and mixed), and wetlands (woody and emergent
herbaceous) represent 30 percent and 23 percent, respectively. Developed land (2 percent),
open water (3 percent), and barren land (2 percent) account for the remaining land use.

2232 Existing Access Road

The only other off-site corridor is the existing plant access road (Figure 2.2-2). This road extends
through coastal wetlands from the PSEG Site in an easterly and east-northeasterly direction for
3.6 mi., where it connects to Alloway Creek Neck Road (an existing secondary road). Alloway
Creek Neck Road continues through uplands to the town of Hancock’s Bridge. The existing right-
of-way for the access road is variable, ranging from 350 ft. to 450 ft. wide through state-owned
lands.

Based on analysis of USGS LULC, within a 500-ft. corridor along the access road, two major
land uses (agriculture and wetlands) account for 74 percent of the 379 ac. within this access
road right-of-way. Table 2.2-3 presents the area for each of 13 land uses within the access road
right-of-way. Agriculture represents 35 percent of the total right-of-way and wetlands 39 percent.
Barren land (10 percent), developed land (13 percent), forests (2 percent), and open water

(1 percent) account for the remaining land uses.

Alloway Creek Neck Road extends through an area that has been designated as Farm Project
Area # 3 - Maskells Mill — Hagerville-Mannington Meadows, in Salem County’s Open Space and
Farmland Preservation Plan. This area is characterized by prime farmland soils and is not
heavily forested. Twenty percent of the land in this project area is in farmland preservation
with an additional 8 percent targeted for preservation. Several tracts of land in the vicinity
have been dedicated as farmland preservation areas in Elsinboro Township, whereas none of
the lands immediately adjacent to Alloway Creek Neck Road are in farmland preservation
status. Fifty-two percent of the target farms’ soils in this project area are prime soils, while
another 35 percent are soils of statewide importance (Reference 2.2-4). A soils map indicates
that Alloway Creek Neck Road passes through several areas designated as prime farmland
soils (Reference 2.2-9).

2.2.3.3 Proposed Transmission Macro-Corridors

As stated in Chapter 1, PSEG is evaluating whether additional off-site transmission may be
necessary for transmission stability, but the location and need have not yet been determined.
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In order to capture the potential effects of developing off-site transmission, PSEG analyzed
the potential effects of two new off-site macro-corridors. No decision has been made as to the
selection of the macro-corridor or the specific route within the selected macro-corridor, but two
macro-corridor alternatives have been preliminarily considered and are discussed in detail in
Subsection 9.4.3. The two 5-mi. wide macro-corridors analyzed are the South and West
Macro-Corridors. The West Macro-Corridor (55 mi. long) generally follows existing
transmission line corridors, extending from the PSEG Site to Peach Bottom Substation. The
South Macro-Corridor (94 mi. long) also follows existing transmission line corridors and is
generally consistent with the Mid-Atlantic Power Pathway project (MAPP) line that has been
preliminarily planned (but not currently approved by PJM Interconnection, LLC [PJM]) to
extend from Indian River Substation to the PSEG Site. Each of these macro-corridors is
developed with a common segment. From the PSEG Site, the hypothetical macro-corridor
extends north and then west across the Delaware River to the Red Lion Substation. From this
location, each of the potential macro-corridors diverge extending to the west (Peach Bottom)
or south (Indian River).

The characteristics of land use within each hypothetical macro-corridor are presented in
Table 2.2-4. Based on overall differences in macro-corridor length, the total land area within
the South Macro-Corridor (316,429 ac.) is notably greater than the area contained within the
West Macro-Corridor (191,523 ac.) (Subsection 9.4.3). Cultivated cropland (121,895 ac.,

39 percent) is the largest land use type within the South Macro-Corridor. Other major land
uses within the South Macro-Corridor include wetlands (20 percent), deciduous forest (13
percent), pasture hay (11 percent), and open water (8 percent). Comparatively, pasture hay
(46,055 ac., 24 percent) is the largest land use type within the West Macro-Corridor. Other
major land uses within the West Macro-Corridor include cultivated cropland (19 percent),
deciduous forest (18 percent), wetlands (14 percent combined), and open water (11 percent).

Additional discussion regarding potential off-site transmission and its potential impact is
provided in Chapter 4 (Impacts of Construction), Chapter 5 (Impacts of Station Operation) and
Chapter 9 (Alternatives).

2234 Proposed Access Road

Additional access road capacity is necessary to address future transportation needs for the
PSEG Site. This access road is conceptually designed as a three-lane causeway to be
constructed on elevated structures for its entire length through the coastal wetlands. The
proposed causeway extends northeast from the PSEG Site along or adjacent to the existing
transmission corridor right-of-way to the intersection of Money Island Road and Mason Point
Road (Figure 2.2-2). The alignment runs roughly 200 ft. east of, and parallel to, the existing
Red Lion transmission line for most of its length. Through the coastal wetlands, the causeway
is constructed on elevated structures, thereby reducing environmental impacts. Existing land
uses along the alignment of the proposed causeway are illustrated in Figure 2.2-1 and
summarized as part of the vicinity in Table 2.2-2. Additional discussion regarding the
proposed access road and its potential impact is provided in Chapter 4 (Impacts of
Construction) and Chapter 5 (Impacts of Station Operation).
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Other Proposed Off-Site Areas

Most of the area for the new plant lies within the current property boundary. PSEG is
developing an agreement in principle with the USACE to acquire an additional 85 ac.
immediately to the north of HCGS. The specific timing of land acquisition is not currently
known and is subject to further PSEG and USACE actions. The additional acreage is north of
the SGS and HCGS site and facilitates locating permanent plant equipment and to provide
areas for construction support facilities. 50 ac. of the southern USACE CDF and 35 ac. of
adjoining coastal marsh will be used for permanent plant facilities. The balance of the CDF cell
(45 ac.) will be leased to support the construction of the new plant. These lands (excluding the
35 ac. of coastal marsh) are contained within the existing 305 ac. USACE CDF. Land uses within
this area are summarized in Table 2.2-1. An analysis of NJDEP LULC classifications for the 45
ac. off-site area indicates that disturbed and Phragmites-dominated coastal and interior wetlands
comprise 91 percent; altered lands and other urban or built-up lands account for 7 percent. The
area is highly disturbed and of low quality, consisting of unvegetated sand and Phragmites-
dominated vegetation. Additional discussion regarding the potential impact to other proposed
off-site areas is provided in Chapter 4 (Impacts of Construction) and Chapter 5 (Impacts of
Station Operation).
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Table 2.2-1
Land Use within the PSEG Plant Site Property Boundary and Construction Support Facilities

Construction Support

PSEG Site Facilities'®
New Jersey Land Use Category Area (ac.) Percent Area (ac.) Percent
Wetland and Aquatic Habitat
Artificial Lakes 40.3 4.9 0.0 0.0
Deciduous Scrub/Shrub Wetlands 4.6 0.6 0.0 0.0
Disturbed Wetlands (Modified) 4.3 0.5 11.8 26.1
Herbaceous Wetlands 5.8 0.7 0.0 0.0
Managed Wetland in Maintained Lawn
Greenspace 3.8 0.5 0.0 0.0
Phragmites-Dominated Coastal Wetlands 155.6 19.0 2.1 4.6
Phragmites-Dominated Interior Wetlands 118.7 14.5 27.3 60.4
Saline Marsh 0.2 0.0 0.8 1.8
Tidal Rivers, Inland Bays, and Other Tidal
Waters 5.6 0.7 0.1 0.2
Wetland Rights-of-Way 23.8 29 0.0 0.0
Subtotal 362.7 44.3 421 93.1
Old Field Habitat
Deciduous Brush/Shrubland 6.0 0.7 0.0 0.0
Old Field (<25 percent Brush Covered) 69.4 8.5 0.0 0.0
Phragmites-Dominated Old Field 31.9 3.9 0.0 0.0
Upland Rights-of-Way Undeveloped 29.5 3.6 0.0 0.0
Subtotal 136.8 16.7 0.0 0.0
Developed Land Uses
Altered Lands 14.8 1.8 0.7 1.6
Industrial 234.5 28.6 0.0 0.0
Other Urban or Built-up Land 55.8 6.8 2.4 5.3
Phragmites-Dominated Urban Area 0.5 0.1 0.0 0.0
Recreation Land 4.9 0.6 0.0 0.0
Transportation/Communication/Utilities 8.5 1.0 0.0 0.0
Upland Rights-of-Way Developed 0.5 0.1 0.0 0.0
Subtotal 319.5 39.0 31 6.9
Totals 819.0 100.0 45.2 100.0
a) Adjacent off-site areas in USACE CDF
Reference 2.2-7
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Table 2.2-2
Land Use in the Vicinity (6-Mile Radius)
and Region (50-Mile Radius) of the PSEG Site

USGS Land Use Vicinity Region
Designation Area (ac.) Percent Area (ac.) Percent
Open Water 26,837 36.4% 791,821 15.7%
Developed - Open Space 361 0.5% 239,221 4.8%
Developed - Low Intensity 274 0.4% 212,047 4.2%
Developed - Medium Intensity 113 0.1% 119,697 2.4%
Developed - High Intensity 191 0.2% 60,018 1.2%
Barren Land 651 0.9% 54,142 1.1%
Deciduous Forest 2573 3.5% 1,028,552 20.5%
Evergreen Forest 67 0.1% 156,524 3.1%
Mixed Forest 13 0.0% 33,828 0.7%
Pasture Hay 3748 5.1% 774,432 15.4%
Cultivated Crops 13,349 18.1% 1,075,101 21.4%
Woody Wetlands 8979 12.2% 279,248 5.5%
Emergent Herbaceous
Wetlands 16,555 22.5% 199,603 4.0%

Totals 73,711 100.0% 5,024,234 100.0%
Reference 2.2-14
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Table 2.2-3

Existing Transmission

Corridors Access Road

USGS Land Use Designation Area (ac.) Percent Area (ac.) Percent
Open Water 206 3.0% 4 1.0%
Developed - Open Space 99 1.4% 18 4.7%
Developed - Low Intensity 91 1.3% 25 6.6%
Developed - Medium Intensity 34 0.5% 6 1.6%
Developed - High Intensity 20 0.3% 1 0.3%
Barren Land 124 1.8% 39 10.3%
Deciduous Forest 1843 26.6% 6 1.6%
Evergreen Forest 233 3.4%
Mixed Forest 24 0.4%
Pasture Hay 591 8.5% 17 4.5%
Cultivated Crops 2091 30.2% 117 30.9%
Woody Wetlands 1029 14.9% 15 3.9%
Emergent Herbaceous
Wetlands 535 7.7% 131 34.6%

Totals 6920 100.0% 379 100.0%

Transmission Line and Access Road Corridor area of analysis is 500 ft. The specific
corridors and rights-of-way are less than this width.

Reference 2.2-14
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Table 2.2-4

Land Use/Land Cover (LULC) (Acres) within
Each Off-Site Transmission Macro-Corridor

6-Mile 6 to 50+ Mile
Vicinity Region Total Percent

South Corridor®®
Open Water 4468 21,686 26,154 8%
Developed - Open Space 282 6360 6642 2%
Developed - Low Intensity 199 5696 5895 2%
Developed - Medium Intensity 90 2684 2774 1%
Developed - High Intensity 192 1394 1586 1%
Barren Land 493 3110 3603 1%
Deciduous Forest 2243 39,052 41,295 13%
Evergreen Forest 58 4106 4165 1%
Mixed Forest 11 1807 1817 1%
Pasture Hay 3416 32,175 35,591 11%
Cultivated Crops 11,704 110,191 121,895 39%
Woody Wetlands 7742 18,707 26,448 8%
Emergent Herbaceous Wetlands 11,648 26,915 38,563 12%
Total 42,545 273,884 316,429 100%

West Corridor®
Open Water 1976 18,744 20,721 11%
Developed - Open Space 98 7609 7706 4%
Developed - Low Intensity 97 8769 8867 5%
Developed - Medium Intensity 64 3726 3789 2%
Developed - High Intensity 191 1420 1610 1%
Barren Land 351 2570 2921 1%
Deciduous Forest 1086 33,969 35,055 18%
Evergreen Forest 13 1064 1077 1%
Mixed Forest 9 32 42 0%
Pasture Hay 934 45,122 46,055 24%
Cultivated Crops 4310 31,396 35,706 19%
Woody Wetlands 4276 11,534 15,810 8%
Emergent Herbaceous Wetlands 7675 4490 12,164 6%
Total 21,077 170,446 191,523 100%

a) Total length = 94 mi.

b) Total length = 55 mi.

Reference: 2.2-14
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Table 2.2-5

Principal Agricultural Crops within the New Castle (DE), Cumberland (NJ),
Gloucester (NJ), and Salem (NJ) Counties as of 2007

New

Crops Castle Cumberland Gloucester Salem Totals
Corn

Number of Acres 16,812 7069 3067 20,483 47,431

Yield in Bushels 1,964,809 603,375 228,950 2,253,406 5,050,540
Wheat

Number of Acres 7934 7811 2433 8119 26,297

Yield in Bushels 592,953 375,866 117,245 414,253 1,500,317
Barley

Number of Acres 1175 95 456 1150 2,876

Yield in Bushels 119,038 6305 28,732 86,294 240,369
Soybeans

Number of Acres 19,930 10,561 5476 20,545 56,512

Yield in Bushels 663,599 193,609 140,662 541,038 1,538,908
Vegetables

Number of Acres 769 9847 9907 11,786 32,309
Fruits

Number of Acres NA 1424 4497 NA 5,921
Forage

Number of Acres 5169 5001 4349 13,077 27,596

Dry tons 12,551 8786 9225 27,112 57,674

Total Acres 51,789 41,808 30,185 75,160 198,942

Total
Bushels/year 3,340,399 1,179,155 515,589 3,294,991 8,330,134

Reference 2.2-13

NA-Not Available
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23 WATER

This section describes the physical and hydrological characteristics of the PSEG Site and
vicinity and provides a baseline for the assessment of potential effects from the construction and
operation of the new plant. The site location and general plant description is provided in
Subsection 1.2.2.

The new plant is located along the east bank of the Delaware River at approximate RM 52. The
new plant location occupies the southern portion of the 1500-ac. Artificial Island, located in
southwestern NJ in Lower Alloways Creek Township, Salem County (Figure 2.3-1). Artificial
Island is largely a man-made land form created by the deposition of dredge spoils behind a
naturally occurring sandbar and bulkhead. The developed portions of the site occupy 373 ac. of
the 734-ac. parcel owned by PSEG. The remaining 361 ac. of the property and the additional 85
ac. to be acquired are comprised of developed upland areas in industrial use, a variety of
wetland types, desilting basins, and stormwater management facilities.

2.3.1 HYDROLOGY

This subsection presents descriptions of the surface water and groundwater resources that
could be affected by the construction and operation of the new plant. The physical and
hydrologic water resource characteristics of the site and region are summarized below.

2.3.11 Surface Water Resources

The new plant is located on the NJ shoreline of the Delaware River. The land surrounding the
new plant location to the north and east is low-lying tidal marsh that is interlaced with a network
of tidally influenced marsh creeks. The new plant is in an area of low topographic relief
composed of relatively flat upland areas, coastal marsh, shallow open water areas, and several
dredge spoil containment berms. Artificial ponds within these containment berms are shallow
systems that are perched and isolated from groundwater (Subsection 2.3.1.2.4). These artificial
ponds are contained within the PSEG desilt basin, a permitted facility that is used to dispose of
material removed from the intake structures or during maintenance dredging for the existing
plants. Similarly, the shallow pond within the USACE CDF is also used to dispose of material
dredged from the Delaware River.

The tidal Delaware River, also known as the Delaware Estuary, extends from the Atlantic coast
133 mi. inland to Trenton, NJ. This subsection describes the Estuary and includes a
characterization of the freshwater inflows and tides controlling the hydrologic conditions at the
PSEG Site. Water temperatures, salinity, sediment, and bathymetry are also discussed.

2.3.1.11 Watershed Description

The Delaware River watershed encompasses an area that extends into NJ, DE, PA, New York
(NY), and the extreme northeastern corner of MD. The northern extent of the watershed is
near the town of Stamford in Delaware County, NY. The watershed is 330 mi. north to south
and 150 mi. east to west at its widest points. The Delaware River Basin encompasses
approximately 13,600 square miles (sq. mi.) including 12,800 sq. mi. of land area and 800 sq.
mi. of open water (Reference 2.3-14). Elevations within the watershed range from sea level to
4000 ft. above sea level in the Catskill Mountains.
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The Delaware River Basin and its subbasins, delineated as 8-digit hydrologic unit code
subbasins by the USGS, are shown in Figure 2.3-2. Table 2.3-1 lists the drainage area of
each basin upstream and downstream of the PSEG Site. The total estimated drainage area
upstream of the PSEG Site is approximately 11,500 sq. mi.

The average surface water runoff from the watershed is 20,240 cubic feet per second (cfs)
(Reference 2.3-52), which is equivalent to 20.2 inches (in.) of annual watershed runoff.
Subsection 2.3.1.1.3 describes streamflow in greater detail.

The Delaware River is an open river with no dams on the main channel. However, numerous
dams and reservoirs exist on tributaries and serve various purposes, including water supply,
flood control, recreation, power generation, and flow augmentation (Reference 2.3-14). There
are 24 reservoirs in the watershed with a combined permanent storage capacity totaling over
410 billion gallons (gal.) (Reference 2.3-14), or 1.257 million acre-feet (ac-ft). This volume is
equivalent to 1.8 in. of runoff from the entire land area of the watershed. Subsection 2.3.1.1.1.2
describes reservoirs in the watershed in more detail. Nearly 15 million people within the region
and as far away as New York City rely on water from the Delaware River Basin (Reference
2.3-14). This dependency on the Delaware River Basin as a water supply has resulted in
extensive study of the Delaware River and its tributaries.

The Delaware Estuary connects to the upper end of Chesapeake Bay via the Chesapeake
and Delaware (C&D) Canal. Initially constructed with a lock and dam system, the C&D Canal
has been modified over the years to be a sea level canal connection with a width of 450 ft.
and depth of 35 ft. (Reference 2.3-63).

The Delaware Estuary is a flooded river valley created by a rise in ocean water levels which
flooded the prior riverine system believed to have formed 30 — 50 million yr ago (Reference
2.3-14). The limit of tidal influence on the Delaware River is located at RM 134 in Trenton, NJ.
The drainage area upstream of Trenton is 6780 sq. mi. (Reference 2.3-87). Major tributaries
discharging to the Delaware Estuary downstream of Trenton include the Schuykill River at
Philadelphia, PA (RM 92), the Christina River at Wilmington, DE (RM 71, Brandywine-
Christina subbasin), and Rancocas Creek, NJ (RM 111, Lower Delaware subbasin)

(Table 2.3-1). The Delaware River is not saline until south of Philadelphia, with the most
upstream extent of the salt line being RM 90. However, the maximum saltwater intrusion was
recorded to RM 102 during the drought of record in the early 1960s (Reference 2.3-14). More
extensive reservoir storage and water management strategies have been developed since
that period to maintain minimum low flows to control the upstream intrusion of saltwater.

2.3.1.1.11 Climate

Average annual precipitation in the Delaware River Basin ranges from 42 in. for southern NJ
to 50 in. for the Catskill Mountains of southern NY. Annual snowfall ranges from 13 in. for
southern NJ to 80 in. for the Catskill Mountains. In general, precipitation is evenly distributed
in the basin throughout the year. Annual average temperatures throughout the basin range
from 56 degrees Fahrenheit (°F) in southern NJ to 45°F in southern NY (Reference 2.3-68).

The National Oceanic and Atmospheric Administration (NOAA) has analyzed historic point
precipitation (precipitation depths observed at a single location) in terms of depths, duration,
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and return period (Reference 2.3-37). Table 2.3-2 summarizes selected point precipitation
values for the vicinity of the PSEG Site.

2.3.1.1.1.2 Dams and Reservoirs

The Delaware River is the longest undammed river east of the Mississippi River (Reference
2.3-14). Tributaries of the Delaware River are dammed to create reservoirs used for water
supply, flood protection, hydropower generation, river flow augmentation during droughts, and
recreation. Table 2.3-3 provides a summary of the purpose, and size of the 24 reservoirs in
the Delaware River Basin (Reference 2.3-73).

The largest reservoirs in terms of water volume are located in the upper Delaware River
Basin. Reservoir storage volumes tend to decrease in the Piedmont and Coastal Plain
physiographic regions. The four largest reservoirs in the Delaware River Basin are:

Pepacton Reservoir
Cannonsville Reservoir
Neversink Reservoir
Lake Wallenpaupack

Pepacton Reservoir (460,000 acre-feet [ac-ft]), Cannonsville Reservoir (303,000 ac-ft), and
Neversink Reservoir (142,000 ac-ft) all serve dual purposes. They are used as water supplies
and for flow augmentation in the event of a drought to maintain the minimum mandated flow
level of 1750 cfs at Montague, NJ (References 2.3-14 and 2.3-82). Pepacton Reservoir is
located on the East Branch Delaware River in NY, and it has been in service since 1954.
Cannonsville Reservoir is located on the West Branch Delaware River in NY, and has been in
service since 1963. Neversink Reservoir is located on the Neversink River in NY, and has been
in service since 1953 (Reference 2.3-62). Approximately half of the water stored in the
reservoirs in the Delaware River Basin is held in these three reservoirs in the upper watershed
(Reference 2.3-14). Lake Wallenpaupack (209,000 ac-ft) is used to generate hydroelectric
power. It is located on the Wallenpaupack Creek in northeastern PA and has been in service
since 1925 (Reference 2.3-62).

Reservoirs used for flood control maintain storage capacity to capture and slowly release flood
waters to mitigate downstream flooding. The three reservoirs dedicated for flood control are
located in the upper and central portions of the Delaware River Basin. Listed below, these three
reservoirs are operated by the USACE, Philadelphia District.

o General Edgar Jadwin Reservoir
e Prompton Reservoir
o F.E. Walter Reservoir

Jadwin Reservoir is located on Dyberry Creek in northeast PA, and has been in operation
since 1960. Prompton Reservoir is located on the Lackawaxen River in PA, and has been in
operation since 1961. F.E. Walter Reservoir is located on the Lehigh River in PA, and it has
been in operation since 1961 (Reference 2.3-62). These reservoirs were constructed following
a devastating flood on the Delaware River in 1955. The 1955 flood is the worst flood recorded
since USGS started measuring floods through their gage system network in the Delaware
River Basin.
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Merrill Creek Reservoir, located on Merrill Creek in the central portion of the basin, is
dedicated to flow augmentation. This reservoir has been in operation since 1988. PSEG is a
co-owner of this reservoir. This ensures minimum flows downstream during a drought so that
the Merrill Creek co-owners may continue to withdraw water from the Delaware River to
maintain power generation operations.

The reservoirs nearest the PSEG Site are small in terms of storage volume and are used for
water supply. These reservoirs are:

e Springton Reservoir (Geist Dam) (10,700 ac-ft)
e Hoopes Reservoir (11,000 ac-ft)
o Newark Reservoir (920 ac-ft)

These small storage volumes have minimal impact on flows at the PSEG Site. Springton
Reservoir is located on Crum Creek in southeastern PA and it has been in operation since
1931. Hoopes Reservoir is located on Red Clay Creek and it has been in operation since
1931 (Reference 2.3-62). Newark Reservoir is located adjacent to White Clay Creek and it
has been in operation since 2006. These two small water supply reservoirs are located in
northern DE.

2.3.1.1.2 Local Drainage

Local drainage, shown in Figure 2.3-1, is developed from the Taylor’s Bridge, Canton, Salem,
and Delaware City USGS quadrangle sheets. There are 13 significant streams or channels to
the Delaware River within the vicinity of the PSEG Site. Table 2.3-4 lists these tributaries and
their locations. Alloway Creek has a drainage area of 60 sq. mi. (Reference 2.3-27). The creek
discharges to the river from the eastern bank at the northern (upstream) end of Atrtificial
Island; less than 2 mi. upstream from the new plant location. Hope Creek, Mad Horse Creek,
and Mill Creek are other interconnected local surface water systems providing tidal
connections to the coastal marsh immediately adjacent to the PSEG Site. Hope Creek is also
crossed by the existing access road immediately east of the PSEG Site.

The C&D Canal is another significant tributary/hydrologic feature in terms of hydrologic
influence on the PSEG Site. It connects the Chesapeake Bay with the Delaware River at RM
59, which is 7 mi. upstream from the new plant location. Both the Delaware River and
Chesapeake Bay are tidal. Flow through the C&D Canal can be in either direction due to
differences in tidal phases and other factors affecting water levels. The net discharge is from
the Chesapeake Bay to the Delaware River.

Drainage within developed portions of the PSEG Site is conveyed through a network of
ditches and pipes to outfalls on the Delaware River (Reference 2.3-53). In contrast, much of
the undeveloped area of the new plant location drains to the east, northerly through tidal
marshland and numerous small marsh creeks that merge in a dendritic pattern. The area
ultimately discharges in a northerly direction to the Delaware River through an unnamed
channel into a small bay. Alloway Creek also discharges into the northern end of this small
bay area at the opening to the Delaware River.

A USGS crest stage gage is located at Hancocks Bridge Road (Reference 2.3-86) northeast
of the PSEG Site and 5.2 mi. upstream of the mouth of Alloway Creek. This USGS gage
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records only high water levels and has been in operation since 1980. Alloway Creek is tidal at
this location, so the high water levels recorded at this station are likely the result of the
combination of tidal stage and freshwater flow in the creek. Station records provide only the
high water mark between gage readings and not time of occurrence. Consequently, it is not
possible to relate the time of the high water to the tidal phase and elevation from tidal
measurements in the Delaware River. From 1980 through 1991, annual maximum water level
data are available for both this station and for the Delaware River at Reedy Point. During this
period, the calendar day difference between high water and the high tide varied from -0.4 to
+0.7 ft. Therefore, at least as far inland as this point on lower Alloway Creek, (5.2 mi. from the
mouth), high runoff rates from watershed storm events do not contribute significantly to flood
levels along the creek.

Much of the land for more than 2 mi. to the north and east of the PSEG Site is low-lying tidal
marsh. Marsh habitats north of Alloway Creek have been the subject of intensive restoration
as part of PSEG’s Estuary Enhancement Program and reflect a plant species composition of a
natural and highly functional brackish/salt marsh community. Disturbed lands having a
degraded hydroperiod are often dominated by Phragmites (common reed). A significant
portion of the tidal marsh habitats in the vicinity of the PSEG Site and extending to the south
side of Alloway Creek are degraded and dominated by Phragmites. Within the dense
monocultures of Phragmites, thick rootmats resist flow and inhibit water exchange within the
marsh. Subsection 2.4.1.1.1.1 provides a more detailed discussion of wetlands in the area.

2.3.1.1.3 Delaware River Flow

Beginning at RM 133 at Trenton, the Delaware River is tidally influenced. At that location,
average discharge is 11,880 cfs, or nearly 60 percent of the total freshwater surface inflow of
20,240 cfs. This freshwater flow normally maintains freshwater conditions in the river as far
downstream as RM 90. The continuous mean daily discharge record at the USGS station at
Trenton begins February 1, 1913, and provides over 96 yr of data (Reference 2.3-87).

The Delaware River discharge is affected by both consumptive and nonconsumptive water
diversions, and operations of numerous reservoirs on tributaries for various purposes. These
diversions and reservoir operations have changed over the 96-yr period of discharge record.
The freshwater inflow has little impact on the volume of water in the Delaware River at the
PSEG Site, but it affects salinity and other water quality characteristics.

Tables 2.3-5 and 2.3-6 summarize selected long-term monthly and annual streamflow
statistics for the Delaware River at Trenton.

Three methodologies are commonly used to describe the characteristics of streams. Each of
these is described in the following narrative which includes flow duration analysis, runoff
(mass curve) analysis, and the minimum 7-day average.

2.3.1.1.3.1 Flow Duration Analysis

A common method of characterizing the range of flows within a streamflow record is flow
duration analysis. Flow duration relationships present the fraction of time within a given time
period that various flow rates are exceeded, without consideration of the sequence of the
flows. Mean daily flows from the period of record of Trenton, NJ, are used to produce the flow
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duration curves depicted in Figure 2.3-3. To assess variations over different time periods, the
record was divided into three nearly equal segments of approximately 32 yr. The flow duration
data for the period 1979 to 2008 indicate, for example, that 3000 cfs was exceeded 95 percent
of the days during that time period, 4000 cfs was exceeded 83 percent of the time, and

5000 cfs was exceeded 74 percent of the time.

The most recent of the three periods, 1979 to 2008, is characterized by higher low flows (flow
rates exceeded between 70 and 100 percent of the days) as compared to either of the earlier
two periods. This higher low flow condition is believed to be at least, in part, the result of the
development of large reservoirs that provide both flood storage and low flow augmentation
and development in floodplains upriver. Further discussion is provided below in regard to low
flows.

2.3.1.1.3.2 Mass Curve Analysis

An additional method of assessing flow variation and long-term changes in runoff is to
calculate and plot cumulative runoff over time, sometimes referred to as a mass curve.
Figure 2.3-4 presents a mass curve based on the monthly mean discharges from the 96-yr
record for the Delaware River at the USGS gage station at Trenton. The average cumulative
flow curve is also plotted, based on accumulation of long-term monthly averages. The
accumulated observed flows vary over short and longer time periods of more than 10 yr.
However, a bend in the curve, suggesting a significant change in runoff volume, is not
apparent.

Figure 2.3-4 also presents a plot of the cumulative departure from the long-term mean,
converted to inches of runoff from the watershed above the Trenton gage. This curve is based
on the difference between the cumulative average and observed monthly runoff data, and is
plotted at a scale more clearly illustrating the short and longer term variability in monthly
streamflow. The mass curves (observed and average) and the departure from long-term mean
line are two methods of presenting the same data. The departure from long-term mean line
demonstrates that variations, or runs, from the long-term average for as many as 10 yr have
been measured. Most notable is the period from 1961 to 1971 when a negative departure
from normal grew to approximately 60 in. Nearly decade-long runs of above average flow are
also apparent from 1971 to 1980 and from 2002 to present; flows are above average when a
large negative departure from long-term mean is reduced.

Numerous variables are integrated into this streamflow result, and a long-term precipitation
increase could offset a long-term water loss, such as that due to consumptive withdrawals.
Average rainfall for NJ has increased by 3.3 in. since 1970 (Reference 2.3-14). The annual
rainfall above Trenton for 2003 to 2007 was 52.3 in., compared to 43.7 in. for 1991 to 2002.
The mass curve reflects the higher streamflows during that period, although as stated above,
there are many factors that influence runoff in this watershed. Overall, the assessment
indicates that while short and long-term fluctuations in streamflow have occurred, there does
not appear to have been a significant change in runoff, or trend, at Trenton over the period of
record.
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2.3.1.1.3.3 Low Flow Analysis

Low freshwater flows into the head of the Delaware Estuary at Trenton are managed to
maintain the historic ecological character of the Delaware Estuary and prevent saltwater
intrusion. Consumptive withdrawal of water from the river upstream of the salt line, and altered
hydrology due to traditional development practices, tend to decrease river flows during dry
periods. Flow storage and management measures have been taken to mitigate these impacts
while continuing use of the river as a water supply.

Historically, the most upstream encroachment of the salt line was during the record drought
conditions of the early 1960s when the salt line (the location where the 7-day average chloride
concentration equals 250 parts per million [ppm]) extended to RM 102, just upstream of the
Ben Franklin Bridge at Philadelphia (Reference 2.3-14). During the period from 1988 through
2006, the salt line annual maximum intrusion was between RM 73 (just upstream of the
Delaware Memorial Bridge) and RM 90 (just downstream of the mouth of the Schuylkill River).

The USGS streamflow gage at Trenton (Site No. 01463500, Delaware River at Trenton, NJ)
represents a long-term streamflow record on the Delaware River. Continuous mean daily flow
data is available at Trenton from 1913 to the present. Significant freshwater discharges to the
Delaware Estuary downstream of that location include the Schuylkill River (RM 92.47). During
most of the year, the salt line is reported to be between RM 54 and RM 82 (Reference 2.3-14).

An analysis of normal and low flows recorded for the Delaware River at the Trenton gage was
conducted to evaluate the annual minimum 7-day average streamflow series. For this
analysis, the calendar year was used as the annual period because low flows typically occur
at a time other than the end of the calendar year.

The 7-day low flow events on the Delaware River are typically season-dependent

(Figure 2.3-5). For example, no 7-day annual minimum low flow events have occurred in April
to June, whereas approximately 80 percent occur during the 4-month period from August
through November.

Low flows at the Trenton gage are affected by releases from reservoirs in the watershed that
are intended to maintain minimum flows at Trenton and upstream at Montague, NY. Since
1954, maintenance of low flows has been required, and currently a minimum flow of 3000 cfs
at Trenton is targeted (Reference 2.3-14). Consequently, use of a basic flow frequency
analysis to characterize low flows is not appropriate. However, by comparing the ranked
annual minimum low flows for the two approximately equal periods of duration (1914 to 1962
and 1963 to 2008), minimum flows during the latter period are observed to be approximately
50 percent larger than the low flows of equivalent rank during the earlier period. The lowest
low flows since 1962 occurred in the 1960s. Since 1982, all annual minimum 7-day average
low flows at Trenton have exceeded 2500 cfs.

Historically, most attempts to quantify freshwater flow through the Delaware Estuary have
been based on measured surface water discharges extrapolated by drainage area estimates.
However, recent literature indicates that some submarine groundwater discharges into the
Delaware Estuary can be estimated. Schwartz (Reference 2.3-56) presents information
suggesting that a significant submarine groundwater discharge zone in the Delaware Estuary
can be identified in the vicinity of RM 51.25. This zone is located across from the PSEG Site
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and is identified as more than 7 mi. in length along the Delaware Estuary. The calculated
submarine groundwater discharge flux of 494 to 1024 cfs in that zone is similar in magnitude
to the surface water discharge of the second and third largest tributary rivers of the Delaware
Estuary. These preliminary findings suggest that estimates of freshwater discharge at various
locations along the Delaware Estuary, based solely on upland drainage area and measured
streamflows, may be underestimated, particularly during lower flow periods when groundwater
discharges tend to be more sustained than surface flows.

23114 Historic Flooding and Annual Peak Flood Frequencies

Riverine flood conditions are not a primary flooding concern at the PSEG Site because the
flow conveyance capacity of the Delaware River at this location is large compared to riverine
generated flow rates. Tidal storm surges generate higher water levels in the reach than do
rainfall runoff events from the watershed. The Federal Emergency Management Agency
(FEMA) has determined that for the 1 percent annual risk high water event, tidal storm surge
water levels are higher than storm runoff generated water levels throughout the area
surrounding the PSEG Site (Reference 2.3-27). Current FEMA floodplain information indicates
that the 10-, 50-, 100-, and 500-yr return period flood elevations at RM 52 are 7.0, 8.2, 8.9,
and 13.2 ft. National Geodetic Vertical Datum of 1929 (NGVD), respectively. FEMA refers to
these as “stillwater” elevations. The area inundated by the 1 percent annual risk flood (100-yr
flood), as indicated on FEMA'’s Flood Insurance Rate Map for the area, is as shown on Figure
2.3-6. For context, the elevation of the terrain across the PSEG Site generally ranges from 5
to 15 ft. NAVD. Developed areas of the site are nominally 10 to 12 ft. NAVD. The site grade
associated with the power block area of the new plant is set at an elevation of 36.9 ft. NAVD.

Based on over 100 yr of records, the largest peak instantaneous discharge on the Delaware
River at Trenton, was an estimated 329,000 cfs on August 20, 1955. The next highest peak
discharge was 295,000 cfs on October 11, 1903. By contrast, Harleman (Reference 2.3-31)
estimated the maximum tidal flow rate in the Delaware River at RM 52 (PSEG Site) and at RM
38 to be 800,000 cfs and 1,350,000 cfs, respectively. The design basis flood level for the
PSEG Site is the probable maximum flood (PMF) or probable maximum hurricane (PMH)
surge, whichever is higher. PMF and PMH surge analyses for the SSAR conclude that the
PMF elevation is 20.7 ft NAVD, and the PMH surge elevation is 35.9 ft NAVD.

Alloway Creek is the largest stream near the PSEG Site. While the stream is tidal beyond
Hancocks Bridge, FEMA indicates that 100-year riverine flood flows for Alloway Creek are
5450 cfs at the confluence with the Delaware River and 4850 cfs at Hancocks Bridge (Table
2.3-7).

2.3.1.1.5 Delaware Estuary

The Delaware Estuary is a drowned river valley of the Delaware River (Reference 2.3-91).
Geometrically, it is a relatively simple estuary, with a dominant freshwater input at the head of
the estuary (Delaware River) and a single, funnel-shaped bay where mixing occurs. It has
been stated that when Henry Hudson sailed into the bay in 1609, he found it too shallow to
navigate (Reference 2.3-91). A navigation channel has been dredged routinely and is
maintained by the USACE with an authorized depth of 40 ft. The USACE is currently planning
to increase the navigation channel depth to 45 ft. (Section 2.8).
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Despite its apparent geometric simplicity, the Delaware Estuary is functionally complex with
respect to circulation, sediment transport, salinity and other water quality characteristics and
ecological processes. As a result, numerous studies of the Delaware Estuary have been
completed and provide an abundant source of information with which to characterize existing
conditions. This subsection provides an overview of the Delaware Estuary and a description of
estuarine hydrologic dynamics related to salinity, tidal regime, circulation, temperature, and
sediment transport.

Table 2.3-8 summarizes selected physical attributes and measures of the Delaware Estuary.
The Delaware Estuary is 133 mi. in length from Trenton to the mouth at the Atlantic Ocean.
The width varies from a maximum of 27 mi. near the mouth to 0.1 mi. at the upstream end.
The total open water area is 759 sq. mi., while the adjacent marsh area is 247 sq. mi. The
average depth is 19 ft. The semidiurnal tide has two nearly equal highs and lows with a period
of approximately 12 hr. The mean tidal range varies from 1.3 meter (m) (4.2 ft.) at the mouth
to 2.5 m (8.2 ft.) at Trenton, and is 1.6 m (5.3 ft.) at RM 52 (Figure 2.3-7) (Reference 2.3-54).
The average freshwater inflow rate is 20,240 cfs. The tidal flow at the mouth is estimated to
be 5,190,000 cfs. The maximum tidal flow near RM 52 is estimated to be 800,000 cfs
(Reference 2.3-31) with average flows of 400,000 to 472,000 cfs.

The navigation channel is maintained by the USACE by dredging from the mouth of the
Delaware Estuary to Philadelphia. Dredging occurs intermittently and as conditions require.
The channel is reported to have an effect on flow conditions, salinity, and other water quality
parameters. The deeper navigation channel provides less resistance to flood tide flows,
allowing coastal or downstream waters to travel preferentially up the channel compared to the
shallows on either side of the navigation channel. This flow condition can lead to lateral
variations in salinity, water temperature, turbidity, and other water quality parameters and
creates the potential for transverse currents across the Delaware Estuary.

The C&D Canal is a significant feature associated with the Delaware Estuary. It connects to
the Delaware Estuary at RM 59, which is 7 mi. upstream from the PSEG Site. The C&D Canal
connects Chesapeake Bay with the Delaware River. Both the Delaware Estuary and
Chesapeake Bay are tidal. Flow through the C&D Canal can be in either direction due to
differences in tidal phases and other factors affecting water levels. However, the net
discharge is from the Chesapeake Bay to the Delaware Estuary. The enlarged size of the
canal provides a significant flow conveyance feature that can interact with tidal flows. Figure
2.3-7 illustrates the tidal range along the navigation channel. The tidal range is amplified in the
upstream direction, which is common for funnel-shaped estuaries, as the tidal energy is
concentrated by the funnel shape. However, the general tidal amplification throughout the
length of the Delaware Estuary is moderated in the vicinity of the C&D Canal between RM 60
and RM 70 where the tidal range is 5.0 ft. (1.51 m) compared to 5.7 ft. (1.75 m) downstream
at RM 35 and upstream at RM 93.

The Delaware Estuary has been characterized (Reference 2.3-60) as having three ecological
zones distinguished by differences in salinity, turbidity, and primary biological productivity. The
upper Tidal River Zone extends from RM 133 downstream to RM 80 and is characterized as
tidally influenced freshwater. The second zone extends from RM 80 to RM 50 (slightly south of
the PSEG Site) and is referred to as the Transition Zone. This zone is characterized by the
greatest turbidity values, low biological productivity, and varying salinity. The third zone is the
Delaware Bay Zone, which encompasses the lower 50 mi. of the Delaware Estuary and
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extends to the Atlantic Ocean. The Delaware Bay Zone is characterized by high salinity, large
surface area, and the highest primary biological productivity.

Estuaries commonly have turbidity maxima, sometimes known as estuary turbidity maximum,
where salinity gradients exist. Various theories regarding processes and conditions causing
the turbidity maxima include flocculation of dissolved material in the river water, resuspension
of sediments due to turbulence, and other factors. The cause(s) of the Delaware Estuary
turbidity maxima are not reliably known. However, the location and extent of these high
turbidity zones vary with changes in freshwater flow rate. The turbidity maxima in the
Delaware Estuary occur typically at salinities of 1 — 3 parts per thousand (ppt) and 7.5 —

10 ppt and may be found between RM 35 to RM 80 (Reference 2.3-54).

PSEG completed an extensive review of the estuarine dynamics for its SGS NJPDES permit
renewal applications in 1999 and 2006. R.B. Biggs and R.J. Horwitz (Reference 2.3-54)
provided a comprehensive description of the Delaware Estuary flows and dynamics.
Subsection 2.3.1.1.5.1 provides further descriptions of Delaware Estuary tides, circulation,
and salinity.

2.3.1.1.5.1 Delaware Estuary Circulation and Freshwater Flow
2.3.1.1.5.1.1 Estuarine Dynamics

This subsection provides a background discussion of salinity and temperature patterns in the
Delaware Estuary, as well as the major processes that control their distribution.

Salinity

The salinity distribution of the Delaware Estuary varies both spatially and temporally in
response to various external factors, including:

Salinity distribution of adjacent coastal waters
Freshwater inflow variations

Tides and tidal exchange processes
Estuarine morphology

Local or regional wind-induced circulation

Salinities at the seaward end of the Delaware Bay Zone vary over a limited range, from 30 to
31 ppt, with an annual standard deviation of approximately 0.8 ppt (Reference 2.3-29).
Freshwater inflows vary markedly over time and enter the Delaware Estuary primarily from the
north end. Also, bottom topography varies laterally throughout most of the Delaware Estuary.
As a result, salinity patterns within the Delaware Estuary exhibit temporal, longitudinal, and
lateral variations.

Due to the dominance of tides throughout the Delaware Estuary and associated vertical
mixing processes, vertical salinity variations are often weak. This weak stratification is
reflected in the high ratio (226:1) of semidiurnal tidal flows at the mouth of Delaware Bay to
the mean freshwater inflow (Reference 2.3-29). That is, the potential stratifying effects of
freshwater inflows are often overwhelmed by an energetic tidal exchange of saline coastal
waters. Thus, under mean inflow conditions, the Delaware Estuary has been classified as a
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vertically homogeneous or weakly stratified estuary. Typical vertical salinity variations range
from 1 to 4 ppt (References 2.3-29 and 2.3-96). During extreme spring freshet conditions,
vertical salinity variations as large as 5 — 15 ppt have been reported in Delaware Bay
(Reference 2.3-57).

Salinity variability near RM 52 is characterized by relatively low salinities (averaging 4 ppt)
during the spring and higher salinities (averaging 8 ppt) in the late summer (Reference 2.3-
54). Long-term salinity statistics calculated from specific conductance data (from 1971 through
1997) for the DRBC monitoring stations nearest the PSEG Site at Appoquinimink River

(RM 50.8) and Liston Point (RM 49) are (Reference 2.3-54): mean of 5.5 ppt, median of

5.2 ppt, minimum of 0.1 ppt, and maximum of 17.9 ppt.

Lateral salinity variability is well-documented in the broad, lower reaches of the Delaware Bay
Zone. Wong and Munchow observed lateral variations as large as 6 ppt across the wide
(25-mi.) area of the zone (References 2.3-93 and 2.3-95). They observed a persistent split in
the lateral salinity structure characterized by two branches of low salinity water along the
shore separated by high salinity water in the middle of the bay over the deep channel. This
structure suggests that the high salinity inflow is concentrated in the deeper, middle parts of
the bay, while low salinity outflows occur in the shallower parts along the shore. Furthermore,
Wong suggests that such transverse salinity gradients and current shears may contribute to
longitudinal dispersion and thereby buffer the salinity response of the system to discharge
variations (Reference 2.3-95).

2311512 Components of Estuarine Dynamics

Astronomical Tides

Delaware Estuary tides are predominately semidiurnal (Reference 2.3-46), with two high
waters and two low waters on most days. Mean tidal ranges vary from 4.2 ft. near the mouth
to 8.2 ft. at Trenton, an approximate two-fold amplification of the tide over the length of the
Delaware Estuary (Figure 2.3-7). Tidal amplification is less apparent in the vicinity of both the
C&D Canal (near RM 59) and tidal shallows near the Salem River. Tidal amplification in the
Transition and Tidal River zones has been associated with their convergent (funneling)
geometry and resonant response (References 2.3-26 and 2.3-46).

Prior to the historical period of dredging (1910 — 1964 ), mean tidal ranges at Trenton were 4.2
ft. Historical increases in navigation channel depths (from 18 to 40 ft.) and associated
reductions in bed friction likely contributed to the two-fold amplification of upper Delaware
Estuary tides (Reference 2.3-26). These amplified tides enhance both vertical mixing and
horizontal dispersion in the Tidal River Zone.

Delaware Estuary tidal ranges vary over fortnightly periods (14.7 days). Maximum
astronomical tidal ranges occur during both full moon and new moon phases (spring tides);
minimum ranges occur halfway between these periods (neap tides). The spring tidal range at
the PSEG Site is 10 percent greater than the mean range.

The tidal excursion is commonly defined as the distance a drifting particle may be displaced
along the open estuary during one-half tidal cycle (e.g., during an entire 6-hr. flood-tide
interval). It is calculated by integrating the tidal current speed over one-half of a tidal cycle.
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Delaware Estuary tidal excursions vary in accordance with the distribution of maximum tidal
currents in the Delaware Estuary. Relatively large tidal excursions occur in both the main
entrance channel and the narrow upstream channel of both the Transition Zone and lower
Tidal River Zone. Relatively small tidal excursions (2 to 6 mi.) occur in the wider reaches of
the Delaware Bay Zone. Relatively large tidal excursions occur near the PSEG Site, as
represented by computed tidal excursions of 5 mi. at the entrance to the Appoquinimink River
(RM 50.9) and 11.3 mi. at Reedy Island (RM 55.3).

Flushing characteristics of estuaries are related to tidal excursion through the concept of
movement of a particle or tracer. The Delaware Estuary flushing times for selected high
freshwater flow (40,194 cfs) and low freshwater flow (6076 cfs) are calculated to be 45.7 days
and 228.2 days, respectively (Reference 2.3-54). For the Delaware Estuary segment south of
the PSEG Site, the flushing times for these high and low flows are 34 days and 157 days,
respectively.

Dynamics of the Triple Bend

Circulation patterns in the vicinity of RM 50 vary spatially in response to the following
morphologic controls:

o Cross-estuary bathymetry
e Bends in the estuarine channel
e Lateral expansions in the shoreline configuration

Bathymetric features, such as the artificially maintained navigation channel, the shallows to
either side of the navigation channel, and the multiple shoals near the PSEG Site, induce
variability in circulation patterns and water flow. The characteristic cross-estuary bathymetry
provides greater frictional resistance in the tidal shoals relative to the deep channels. As a
result, transverse shears can develop in the tidal flow, with enhanced flows in the deep
channel. Additionally, tidal phases can change at different times across the Delaware Estuary,
and tidal currents may vary in magnitude. In general, the complex river bathymetry enhances
mixing rates by virtue of the strong horizontal and vertical velocity differences (shear).

Channel bends are large-scale geomorphologic features that also modify estuarine flows. The
Delaware Estuary changes from its roughly linear course from the bay mouth to RM 50, where
it takes a relatively sharp bend of nearly 60 degrees (towards the northeast) along the Fall
Zone. This bend, accentuated by Artificial Island, causes flow patterns similar to those
observed in meandering rivers. That is, flow around a river bend tends to be stronger on the
outside of the bend (western shore in this case), causing the natural channel thalweg (main
channel flow area) to be located against the outer bank. Sometimes, shoreline erosion may
occur along the outer banks of such rivers, which is a positive feedback mechanism that tends
to accentuate a river bend. The ultimate result of such processes is the well-known ox-bow
morphology common to many meandering rivers on a smaller gradient.

On the inside of the bend (the eastern side), flows tend to be slower and more conducive to
sedimentation. This flow pattern often leads to shoaling of the inside of the bend (point bars,
in the classic river situation) and formation of large bedforms (sandwaves, submarine dunes).
Areas of stagnant flow inside of the bend are sometimes characterized as zones of
accumulation.
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The river bend morphology north of RM 50 appears to be controlled primarily by antecedent
geological structures rather than by shoreline erosion associated with flow instabilities.
Though the area has not been mapped in a geological sense, numerous studies have
investigated different aspects of its geology. One specific geological study addressing this
region was found (Reference 2.3-58). Based on an analysis of Landsat photographs, and
considering published literature on the geological structure of the region, Spoljaric mapped the
folds, faults and other structures in the triple bend region (as well as adjacent regions of NJ
and DE).

The Spoljaric analysis shows many structures running through the region, including those
having a surface expression. Though the structures are not verified by detailed mapping, their
existence is consistent with past geological investigation. Based on his mapping, it appears
that there are two parallel structures which may control the triple bend.

The morphology in the triple bend region of the Delaware Estuary appears to result from a
structural control rather than from simple river flow instabilities as is the case for many river
bends. This structural control suggests that the bends are more stable than typical river
bends, and that the bends control the local hydrodynamics in this region rather than being
formed as a result of the hydrodynamics. The resulting hydraulic effects of these bends (i.e.,
stronger flows on the outside of the bend, slower flows and sedimentation on the inside) are
similar on both flooding and ebbing Delaware Estuary tides. The river bend effect is nearly
continuous, except during periods of slack tide. Overall, hydraulic effects of channel bends
can be profound, altering tidal characteristics, mixing, and sedimentation processes near the
PSEG Site.

A third morphologic feature affecting spatial flow variability is the change in shoreline
orientation in this region. South of RM 50, the Delaware Estuary broadens. This lateral
expansion induces complex, eddy-like variations in the flow near the PSEG Site. On flood tide,
the flow from the south will concentrate (funnel) around Artificial Island and, at times, create
an eddy near the southwestern point of the PSEG Site. On the ebb tide, as the flow moves
past the lateral expansion, an eddy-like feature has been measured during previous
investigations (Reference 2.3-3). These eddies do not effect or concentrate detritus or
organisms in the vicinity of the existing intake structures, but these general features are
important as they enhance mixing rates in areas of otherwise slower flow, where turbulent
mixing might otherwise be less efficient.

In summary, complex flow fields reflecting the geology, geomorphology, and sediment
dynamics of the Delaware Estuary characterize the region surrounding Artificial Island.

At the PSEG Site and Artificial Island, located at the downstream end of the triple bend reach,
the Artificial Island shoreline has been stabilized with stone riprap for protection from erosion
by waves generated by winds and navigation. Artificial Island was created by placing dredge
material on a natural shoal or bar located at a classic inside bend location on the river.

Meteorological Tides

While the semidiurnal tidal motions described above are principally responsible for the
vigorous vertical and horizontal motions within the system, more subtle motions at subtidal
periods are largely responsible for long-term transport. The Coriolis effect, modified
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gravitational circulation, topography, meteorological events, and freshwater pulses may
contribute to subtidal circulation. Typical meteorological events include local short-term wind
events and large-scale, regional events having durations of approximately 20 days (Reference
2.3-30).

Wong and Garvine examined the relationship between atmospheric forcing and the subtidal
response of the Delaware Estuary (Reference 2.3-94). They observed relatively large subtidal
sea level fluctuations near the mouth of Delaware Bay, with a maximum range in excess of
1.6 ft. An along-shore wind-stress component over the adjacent continental shelf primarily
drove these fluctuations. For example, currents driven by down-shelf winds (winds from the
northeast) are steered towards the coast due to the effect of the earth's rotation. As a result,
coastal sea levels rise (set-up) and induce a subtidal volume flux into the adjacent Delaware
Estuary. An opposite situation occurs for up-shelf (southwest) winds whereby coastal sea
levels fall (set-down) and a volume flux is directed out of the Delaware Estuary. This
non-local, wind-forcing mechanism (the coastal Ekman effect) was most significant at time
scales longer than 3 days. They found local wind forcing over the Delaware Estuary to be less
significant.

Wong and Garvine determined that within the interior of the Delaware Estuary subtidal sea
level variability is driven not only by wind forcing along the coast, but also by non-local winds
over northern Chesapeake Bay (Reference 2.3-94). The latter mechanism sets up and sets
down sea levels near the head of Chesapeake Bay and propagates these fluctuations through
the C&D Canal into the Transition and lower Tidal River zones. Near Artificial Island, they
estimate that two-thirds of the subtidal variability is driven by the coastal Ekman effect; the
remaining one-third through coupling with the upper Chesapeake via the C&D Canal. Subtidal
current variations on the order of 2.1 feet per second (ft/sec) are observed at the PSEG Site.
They determined that the estuarine gravitational circulation was often weaker than the
atmospherically driven subtidal current fluctuations (Reference 2.3-94).

Atmospheric forcing may also modify Delaware Estuary variability at tidal frequencies
(References 2.3-4 and 2.3-61) with changes in tidal characteristics potentially explained by
nonlinear interactions of the tide with surface waves and subtidal motions.

Estuarine Circulation

Mapping of the Delaware Bay Zone subtidal circulation has been done using seabed and
surface drifters (Reference 2.3-45). Researchers found that surface drifters launched within
the zone moved seaward and toward the DE shore. In contrast, bottom drifters launched off
the bay mouth (as far as 25 mi. offshore) moved shoreward and often into the bay, though at
slower average speeds. For the period studied, drifter measurements revealed a net surface
outflow at 2 in. per second and a mean bottom flow of 0.5 in. per second. These early studies
suggested the presence of a relatively weak estuarine gravitational circulation in the Delaware
Estuary.

A modification of the traditional two-layer gravitational circulation model to explain the subtidal
circulation of Delaware Bay was proposed in 1994 (Reference 2.3-95). Traditional conceptual
models of estuarine circulation assume uniform across-estuary depths. However, Delaware
Estuary bathymetry is characterized by a deep center channel flanked by shoaling areas
along the shores. Under the influence of riverine inflows and associated longitudinal density
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gradients, this characteristic across-estuary bathymetry produces a net outflow along both
shores, and a return flow concentrated in the deeper part of the channel. Thus, Wong
observed two branches of low salinity water along the shores separated by high salinity water
over the deep channel and extending to the surface.

Wong's modified gravitational circulation model for Delaware Bay is supported by recent
observations. Using a suite of satellite temperature images and statistical techniques, Keiner
and Yan reported net outflows along the sides of the Delaware Estuary, and the presence of
in-flowing waters over the center channel (Reference 2.3-34). Wong and Munchow observed
fronts in the Delaware Bay Zone, regions in which observed salinity and temperature
gradients are steep and typically involve small-scale circulation (Reference 2.3-93). In
particular, they observed relatively dense waters in the middle of the Delaware Bay Zone,
mingling with less dense waters near the shores. On an even smaller scale, Wong observed
lateral temperature variations of 3.7°F over a 500 ft. distance within the zone (Reference
2.3-96).

The along-estuary (axial) flows described by Wong's conceptual model are likely coupled with
transverse (across-estuary) circulation patterns (Reference 2.3-95). The characteristic across-
estuary bathymetry provides greater frictional resistance in the tidal shoals relative to the deep
channel. As a result, a transverse shear develops in the tidal flow, with enhanced flows in the
channel. The lateral salinity profile is transported or advected further in the channel than in the
adjacent shoals (Reference 2.3-33). On a flooding tide, this pattern of differential advection
produces relatively higher salinity over the channel and lower salinity along the shores, as
simulated by DiLorenzo et al. (Reference 2.3-26). The associated transverse density gradient
may produce two transverse circulation cells characterized by converging surface flows (and
sinking) at the center of the channel and diverging bottom flows, as observed in other
estuaries (Reference 2.3-92). This transverse circulation may aggregate suspended particles,
oil slicks and biota along the main axis of the Delaware Estuary.

The modified gravitational circulation model includes two branches of buoyant outflow along
the shores separated by a dense inflow centered along the deep channel. However, Wong
also reports that local wind may drive two branches of flows along the shores in the direction
of local wind stress, and a return flow against the wind concentrated in the deep channel
(Reference 2.3-95). These processes may either reinforce or counteract each other,
depending on wind magnitude and direction. A strong wind blowing up the Delaware Estuary
tends to counteract the modified gravitational circulation and reduce transverse shear.
Conversely, a wind blowing down the Delaware Estuary may reinforce the two effects and
enhance transverse variability.

An additional feature of Delaware Estuary subtidal variability is the identification of a
buoyancy-driven coastal current. This is a seaward flow driven by density differences between
brackish Delaware Estuary waters and salty oceanic waters (Reference 2.3-29). This current
bends southward at the mouth of Delaware Bay to form a broad (12-mi. wide), slow moving
plume along the inner continental shelf off DE (References 2.3-28 and 2.3-36). The coastal
current is identifiable by a salinity/temperature signature that is coherent over the length of the
Delmarva Peninsula. This current may also contribute to the distribution of river-borne
nutrients, larvae, sediments, sewage, toxic chemicals, and spilled oil dominantly along the
shore (Reference 2.3-36).
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Current Measurement Data at Reedy Point

NOAA has recently installed Acoustic Doppler Current Profiler instrumentation at Reedy Point
(station identification DB0201) located at RM 54.1 (Reference 2.3-38), 2 mi. upstream from
the PSEG Site. The Delaware Estuary is 2.5 mi. wide at that location, similar to its width at
RM 52. Raw current data from that station over an approximately year-long period is
assessed. The data provided includes current magnitude and direction (in terms of degrees
clockwise from true north). Six-minute current velocity duration curves are developed, treating
ebb tide current direction as being from 150 to 165 degrees and flood tide currents as those
from 345 to 350 degrees (Figure 2.3-8). Curves are also developed separately for a spring
period (February to June 2009) and for a summer period (June to September 2008). Ebb tide
velocities were higher than flood tide velocities. Velocities with 10 percent exceedance for
flood and ebb tides were 4.0 ft/sec and 3.1 ft/sec, respectively. Maximum ebb and flood tide
velocities recorded during those periods were 4.8 ft/sec and 4.1 ft/sec, respectively (Figure
2.3-8).

Water Temperature

Many factors influence water temperatures in the Delaware Estuary. The Delaware Estuary is
generally considered to be well-mixed vertically with generally limited thermal stratification.
More pronounced stratification can occasionally occur, including during periods of high
freshwater inflow rate. Cook (Reference 2.3-6) documented hydrographic transects of salinity
and suspended sediment concentration in the Delaware Estuary in March 2003 and in June
2003 (Figure 2.3-9). Similar Delaware Estuary transect plots of seasonal temperature
distributions have been presented as part of the SGS NJPDES permit renewal application
(Reference 2.3-54).

A long-term temperature record is available at the USGS water quality monitoring station on
the Delaware River at Reedy Island (RM 54, which is 2 mi. upstream from the PSEG Site).
Daily mean temperature duration statistics are determined and monthly and annual curves
plotted based on the period of record (February 1970 to September 2008) (Figure 2.3-10).
These curves indicate, for example, that July temperatures during the period of record have
ranged from 68°F to 87°F, with the median (50 percent exceedance) temperature being
79.5°F. The monthly statistics are similar for pairs of months, with July and August being the
warmest water and with similar probabilities of occurrence. On an annual maximum mean
daily basis, temperatures of 82, 85 and 86°F have occurred with return intervals of
approximately yearly, 5 yr, and 10 to 15 yr, respectively. Every occurrence of an annual
maximum mean daily temperature of 82.4°F or greater has occurred during the period from
mid-July through early September. Figure 2.3-11 provides a plot of daily mean water
temperature for the period 1991 to 2001. Hourly water temperature data are also available at
the Reedy Point monitoring station. Differences in daily maximum and minimum hourly
temperatures during 2008 rarely exceeded 3°F.

PSEG completed extensive field data collection and hydrodynamic/hydrothermal modeling in
the 1990s for the renewal of the SGS NJPDES permit. SGS uses a once-through cooling
water system. HCGS uses a closed-cycle cooling system. Modeling for SGS considered both
HCGS and SGS heat discharges into the Delaware River. Figure 2.3-12 shows the
temperature contours measured during a flood tide phase on May 29, 1998. Figure 2.3-13
shows modeled temperature contours for a slack phase at end of flood tide conditions for the
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same date; these model results are in general agreement with observed temperatures for this
event. These figures illustrate that the modeled combined thermal plumes extend along the
shoreline, and are carried by the tidal currents to form an elongated plume past the new plant
location.

Sediment Transport

Cook (Reference 2.3-6) states that an average of 1,430,000 tons of suspended sediment are
delivered to the Delaware Estuary on an annual basis. The Delaware River, Schuylkill River
and Christina River contribute approximately 50 percent, 20 percent, and 8 percent,
respectively. As is generally the case with watersheds, most of the annual sediment load is
delivered during large runoff events. Total suspended solids (TSS) concentrations from DRBC
boat run sampling events from 1971 to 1998 have been summarized (Figure 2.3-14)
(Reference 2.3-54). The parameter is presented as Total Non-Filterable Residue (TNRES),
which is the same as TSS. Median concentrations by month vary from approximately

30 milligrams per liter (mg/L) to 40 mg/L. The figure presents the sample data as percentiles
(0 percent [minimum], 25 percent, 50 percent [median], 75 percent, and 100 percent
[maximum]). ]). These data reflect near-surface concentrations (1-meter depth). Cook also
presented suspended sediment concentration transects (concentrations along the length of
the river) for two sampling events (Reference 2.3-6) (Figure 2.3-9). These transects depict the
turbidity maximum phenomena in the reach that extends along Artificial Island, as described
above. These transects also illustrate that suspended solids concentrations are typically
higher near the bottom, ranging up to a factor of ten higher than the concentrations nearer the
surface.

The sediment type in the Delaware Estuary near RM 52 has been characterized as
predominantly fine-grained sediments (silts, clays, fine sand). The area near Artificial Island
has been identified as the null point of the Delaware Estuary (the point where ebb and flood
tidal phase bottom currents are balanced). The null point is a location where fine sediments
are likely to accumulate. Cook (Reference 2.3-6) notes that USACE dredging in recent years
(averaging 1 to 2 million metric tons per year) has been limited to the upper Delaware Estuary
in the reach from RM 59 to RM 81.

Sediments in this offshore area are expected to be fine-grained, consisting of mostly fine
sands with some silts and clays. Near the shore, sediments are typically sandier as a result of
shallower water depth and the effect of wave action. Surface sediment samples were
collected (Figure 2.3-15) from the 0 to 6 in. depth range and analyzed for grain size. Samples
were collected at varying locations within the nearshore areas. Grain-size distribution curves
for these samples are presented in Figure 2.3-16. The surface sediments are predominantly
medium to fine sands. Sample location AS-15, collected near shore, was comprised of
approximately 30 percent silt and clay size, while the other locations had less than 10 percent
silts and clays. Sample location AS-17 also consists of gravels.

Sediments in the Delaware Estuary have been studied, although information in the immediate
vicinity of the PSEG Site is limited. Cook (Reference 2.3-6) studied sediments at two locations
upstream from the PSEG Site at RM 59 near New Castle, DE, and RM 81 near Tinicum
Island, PA. Cook reported the bed material at the downstream RM 59 location to be silt and
clay, while the upstream site had sandy bed material, reflecting the narrower channel at the
upstream location. Cook reported results of sediment resuspension investigations that
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included field measurements of velocities to estimate a velocity profile and turbidity. Using
various methods, Cook also estimated critical shear stress to be in the range of 1.8 to

2.0 dynes per cubic centimeter (dynes/cm?®), and potentially lower because the monitoring
equipment position (somewhat elevated above the bed) likely resulted in missing the initiation
of sediment resuspension. The value of M, an empirical constant defining the erosion rate in
the Parthenaides and Krone cohesive sediment methods was reported to be approximately
9.0x10° kg m? s™". Based on the analyses presented by Cook, the critical shear stress for
initiation of particle movement for sediments at RM 59 and RM 81 are determined to be typical
of silt and clay-size sediments that are relatively easily resuspended and transported. Bottom
velocities at the vicinity of the PSEG Site are similar or smaller than at RM 59, and similar
sediment sizes are resuspended less frequently.

Figure 2.3-17 presents the Delaware Estuary bathymetry near the PSEG Site. The 40-ft.
depth navigation channel is located 1.0 mi. offshore and parallel to the shoreline. The water
depth along the shoreline drops quickly to 10 to 12 ft., then gradually increases with distance
from the shoreline. Most of the near-shore area is in the range of 15 to 25 ft. deep. While
there are seasonal variations in climatic conditions and freshwater inflow to the Delaware
Estuary, the water levels and currents at the PSEG Site are dominated by tidal controls and
no significant seasonal variation in sediment transport or bathymetry is known to exist.

2.31.2 Groundwater Resources

The PSEG Site is located within the NJ Coastal Plain aquifer system approximately 18 mi.
south of the geological fall line. The fall line is a low east-facing cliff, with the exposed scarp
generally trending parallel to the Atlantic coastline that extends from NJ to the Carolinas. The
fall line separates the hard Paleozoic metamorphic rocks of the Appalachian Piedmont to the
west from the softer Mesozoic and tertiary sedimentary rocks of the Coastal Plain. The
hydrogeologic units within the NJ Coastal Plain can be summarized as southeast dipping
permeable fine-grained to coarse-grained materials separated by less permeable fine-grained
materials, resulting in a multiple aquifer system (Reference 2.3-69). The shallow aquifers in
the vicinity of the site are saline and tidally influenced. Regional and local hydrogeology are
described in this subsection. New Jersey has designated two Critical Water-Supply
Management Areas in the NJ Coastal Plain in response to long-term declines in groundwater
levels where groundwater is a primary water supply. The PSEG Site is southwest of the
management areas and is not subject to groundwater withdrawal restrictions except as
defined in applicable permits. The U.S. Environmental Protection Agency (USEPA) has
determined that the NJ Coastal Plain Aquifer System is a sole or principal source of drinking
water (Reference 2.3-65).

2.3.1.21 Regional Hydrogeology

The regional hydrogeology of southwestern NJ includes overburden sequences that thicken
as the underlying bedrock surface dips from the fall line toward the southeast and the Atlantic
Ocean. The overlying unconsolidated units reflect this topography and show a corresponding
southeasterly dip of approximately 30 feet per mile (ft/mi). Aquifers are generally thicker near
the ocean and thin progressively towards the northwest and closer to the western borders of
NJ. In some instances, aquifers may thin out entirely. Generally, the ages of the underlying
units include Cretaceous, Tertiary, and Quaternary, as shown in the hydrostratigraphic
summary on Figure 2.3-18. The formations shown on Figure 2.3-18 only include the major or
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more geographically continuous formations. The completed list of aquifers/aquitard units are
described below.

Groundwater in the shallow aquifers is generally encountered within 20 ft. of the ground
surface and flow is generally toward the Delaware River. The deeper aquifers (below the
Merchantville Formation) generally flow southeast, toward the Atlantic Ocean.

Regionally, the aquifer/aquitard sequence generally consists of the following units:

Alluvium

Kirkwood-Cohansey

Vincentown Formation
Navesink-Hornerstown Formation

Mount Laurel-Wenonah Formation
Marshalltown Formation

Englishtown Formation

Woodbury Formation

Merchantville Formation
Potomac-Raritan-Magothy (PRM) Formations

The Delaware River is the primary surface water body and likely interacts with shallow site
groundwater. The river is tidal adjacent to the PSEG Site with a bottom elevation of
approximately -40 ft. mean sea level (msl) near mid-channel. Three other smaller surface
waters, which may locally interact with groundwater, include Alloway Creek, Hope Creek, and
the Salem River. These flow into the Delaware River and are located 2 mi. northeast, 2.5 mi.
east, and 7 mi. north of the site, respectively. Several surface water bodies occupy parts of
the undeveloped portion of the property. Subsection 2.3.1.1 describes these water bodies.

At the PSEG Site, groundwater is encountered within the shallow hydraulic fill and Alluvium.
Regionally, where man-made deposits are not present, shallow groundwater is first
encountered in Alluvium or in the Kirkwood-Cohansey units east of the site.

Regionally, aquifers are recharged at areas where they outcrop at the surface near the PSEG
Site. Recharge of these aquifers is provided from adjacent aquifers through leaky aquitards,
and/or through surface water interactions with groundwater. In some areas, aquifers may
receive induced recharge from the Delaware River. Figure 2.3-19 shows the extent of these
recharge areas in NJ. Table 2.3-9 summarizes the aquifer and aquitard characteristics of the
regional aquifer system.

The PRM is a significant potable groundwater resource regionally (Reference 2.3-67). The
nearest supply wells of any significance that withdraw from the PRM are located across the
Delaware River in DE, and over 5 mi. to the northeast in Salem, NJ. There are no off-site
public water supply wells or private wells within 2 mi. of the PSEG Site. The nearest public
potable water supply wells are three wellhead protection areas that range from 2.9 to 3.6
miles to the west and northwest in New Castle County, Delaware (Figure 2.3-20). The deeper
aquifers are recharged further northwest and/or by leakage between adjacent aquifers.

Public Water Supply Wells in NJ and wellhead protection areas in NJ and DE within a 25-mi.
radius of the PSEG Site are shown on Figure 2.3-20. Table 2.3-10 summarizes the public
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supply wells in the area. Table 2.3-11 summarizes the significant groundwater users in the
same region.

2.3.1.2.2 Local Hydrogeology

The PSEG Site is located on Artificial Island where the shallow soils consist of fill materials or
spoils (hydraulic fill) historically dredged from the adjacent Delaware River. Beneath the
hydraulic fill are alluvial deposits (riverbed sands, gravels, and clays). These alluvial deposits
represent the original ground surface, which was submerged as the river bed, in this area at
the time the dredge spoils were initially placed. The hydraulic fill and the riverbed sands and
gravels also constitute the shallow groundwater flow system that overlies either the alluvial
clay or the top of the Upper Kirkwood Formation (a clay-rich, semi-confining unit at
approximately -39 ft. NAVD). The shallow aquifer is recharged directly by infiltration of
precipitation where not impeded by buildings, pavement, or other stormwater diversion
structures from the existing plants. The groundwater surface is typically encountered at
depths ranging from 5 to 10 ft. below ground surface. However, the hydraulic fill acts as an
aquitard and the Delaware Estuary and shallow artificial ponds in the PSEG desilt basin and
USACE CDF are likely perched, creating moist to saturated soils extending from ground
surface through the hydraulic fill.

Sixteen observation well pairs and sixteen geotechnical borings were completed at the PSEG
Site in support of the ESPA. Geotechnical boring logs from this effort, in conjunction with
existing data from the PSEG Site, are used to characterize the local hydrogeologic units.
Geologic cross-sections have been developed to depict the local geology and represent the
associated hydrogeological units. The orientations of these cross-sections are shown on
Figure 2.3-22, with the cross-sections presented on Figures 2.3-23 and 2.3-24.

Each of the units encountered at the PSEG Site are described below. The results of hydraulic
conductivity tests, as well as interpreted gradients and estimated velocities, are presented in
Subsection 2.3.1.2.3.

2.3.1.2.21 Fill Deposits

Artificial fill comprises the surface material at the PSEG Site. It consists of typically grayish-
brown to brown, silt, clay, and sand with variable silt and clay content, and clayey and silty
gravels. The thickness of the artificial fill ranges from 2 to 10 ft., and averages 4 ft. across the
northern and eastern portions of the PSEG Site. These materials were placed at the site
during previous construction activities and grade downward into hydraulic fill (Reference 2.3-
26). Groundwater identified in these borings is likely perched and is not indicative of a
continuous hydrogeologic unit.

Hydraulic fill from channel dredging of the Delaware River was historically deposited at the
PSEG Site by the USACE. It consists typically of dark gray to dark greenish-gray, highly
plastic clay and silt with trace to some organic material, and locally interbedded discontinuous
layers of clayey and silty, fine-grained to medium-grained sand up to 5 ft. thick. The thickness
of the hydraulic fill ranges from 24 to 44 ft., with an average thickness of 33 ft. across the
northern and eastern portions of the PSEG Site. The combined artificial and hydraulic fill
stratigraphic sequence overlies alluvial soils at an average elevation of -21 ft. NAVD in the
eastern portion of the site. Average elevation of the fill materials (top of the Alluvium) in the
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new plant location is -29 ft. NAVD. Due to the clay and silt content of these units, the fill
deposits represent an aquitard creating semi-confining conditions for the underlying Alluvium.
The hydraulic conductivity of the hydraulic fill is reportedly 1,000 to 10,000 times less than that
of the underlying Alluvium (Reference 2.3-1). This is further supported by the piezometric data
discussed in Subsection 2.3.1.2.4. The average hydraulic conductivity measured from slug
tests for one well (NOW-5U), located at the new plant location and screened in hydraulic fill,
was 0.2 ft/day (See Table 2.3-17).

2.3.1.2.2.2 Alluvium

The Alluvium underlies the Fill Deposits and consists of Quaternary age sediments that
formerly comprised the bed of the Delaware River. These are also referred to as riverbed
deposits. These soils consist typically of gray to grayish-brown, fine-grained to medium-
grained sand with trace to little, rounded to angular, fine to coarse gravel, and trace to little silt
and clay content. In borings completed in the northern and eastern portions of the PSEG Site,
2 to 5 ft. thick discontinuous layers of fine-grained soils consisting of sandy silts and clays,
and highly organic soils consisting of peat, were encountered. In the eastern portion of the
PSEG Site, a 4 to 15 ft. thick discontinuous layer of non-organic silt and clay was locally
encountered below the alluvial sand and gravel.

The alluvial stratigraphic layer was typically encountered at approximate elevations ranging
from -22 to -35 ft. NAVD in the northern portion of the PSEG Site, and at approximate
elevations ranging from -16 to -25 ft. NAVD in the eastern portion of the site. The slightly
undulating upper surface of the unit generally slopes gently westward towards the Delaware
River. The thickness of the Alluvium ranges from 5 to 24 ft. across the PSEG Site. Average
thickness in the new plant location is 13 ft., and average thickness in the eastern portion of
the site is 18 ft.

The Alluvium represents the shallowest saturated unit having appreciable hydraulic
conductivity and transmissivity. Horizontal hydraulic conductivity for this unit, reported from
prior studies at Salem and Hope Creek Station, ranges from 0.03 to 2.27 ft/d (see Table 2.3-
1). Horizontal hydraulic conductivity measurements from aquifer tests conducted in
observation wells located at the proposed new plant site range from 0.4 to 8.0 ft/d (see Table
2.3-17).

2.3.1.2.2.3 Kirkwood Formation

The Kirkwood Formation unconformably underlies the Alluvium and consists of Miocene age
marine sediments deposited in a nearshore environment associated with a marine regression.
The sediments of the Kirkwood Formation consist of two distinct units. The upper unit of the
formation typically consists of dark gray, green, and brown to olive-gray, highly plastic clay
and silt with trace fine sand and rounded gravel, trace shell fragments, and trace to little
organic content. Locally, interbeds of silty and clayey, fine-grained to medium-grained sand
occur within this upper unit. In the eastern portion of the PSEG Site, a thick section of light
greenish-gray, silty, fine-grained to medium-grained sand was locally encountered above the
finer grained sediments. The upper unit is considered an aquitard separating the Alluvium
from the lower Kirkwood and Vincentown water-bearing zones.
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There are no site-specific hydraulic conductivity testing data available for the Kirkwood
aquitard. Regionally, estimates of the vertical hydraulic conductivity for the Alloway Clay
member, the finer grained member of the Kirkwood unit, range from 0.00002 to 0.000052 ft/d
(Reference 2.3-71).

The lower basal unit of the Kirkwood Formation typically consists of a 2 ft. to 14 ft. thick layer
composed of dark greenish-gray, olive-gray, and dark gray to brown, silty and clayey, fine-
grained to medium-grained sand and fine to coarse gravel. The sand and gravel in this lower
unit is typically rounded to subangular. The lower Kirkwood is directly above the Vincentown
Formation and is in hydraulic communication with the Vincentown where the sands and
gravels are present.

The Kirkwood Formation rests on the erosional unconformity formed on top of the underlying
Vincentown Formation and its upper surface forms an erosional unconformity with the
overlying alluvial sediments. This makes both the elevation of its upper surface as well as the
thickness of the unit somewhat variable. In the northern portion of the PSEG Site, the top of
the Kirkwood Formation ranges from approximate elevations -34 ft. to -43 ft. NAVD. In the
eastern portion of the site, the top of the formation ranges from approximate elevations -31 ft.
to -49 ft. NAVD. The thickness of the Kirkwood Formation ranges from 12 ft. to 29 ft. and
averages 17 ft. in the northern area of the site. The thickness of the Kirkwood Formation in the
eastern portion of the PSEG Site ranges from 14 ft. to 54 ft. and averages 37 ft. The large
variation in thickness observed in the Kirkwood Formation is directly related to the undulating
contact with the underlying Vincentown Formation, which displays up to 37 ft. of relief in the
new plant location, and up to 51 ft. of relief in the eastern portion of the PSEG Site.
Conversely, where the top of the Vincentown Formation is topographically low, the Kirkwood
Formation is generally thick. Where the top of the Vincentown Formation is topographically
high, the Kirkwood Formation is generally thin.

A few of the borings completed during the ESPA investigation did not encounter the lower unit
of the Kirkwood Formation, which may indicate the lower unit has some discontinuity across
the site or, more likely, that the layer was thinner than the distance between sampling
intervals. At boring NB-2, completed in the new plant location, the upper unit of the Kirkwood
Formation was not encountered, which is most likely due to fluvial scour during deposition of
the overlying alluvial sediments at this location. At boring NB-7, which was completed in the
new plant location, sediments of the Kirkwood Formation are completely absent, with alluvial
sand and gravel unconformably overlying strongly oxidized Vincentown Formation sediments.
This is most likely due to fluvial scour during deposition of the alluvial sediments at this
location.
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2.3.1.2.24 Vincentown Formation

The Vincentown Formation serves as the water-bearing zone for much of the shallow
groundwater transport in areas where the Alluvium does not exist. It is also the formation on
which the foundations of SGS and HCGS were constructed and will serve as the competent
layer for the new plant at the PSEG Site. The formation unconformably underlies the Kirkwood
Formation and consists of Paleocene age marine sediments deposited in a neritic, or shallow,
marine environment during a marine regression. The Vincentown Formation shows erosional
relief on its upper surface. This makes both the elevation of its upper contact and thickness
somewhat variable.

In the northern portion of the PSEG Site, the elevation of the top of the formation ranges from
-33 ft. to -70 ft. NAVD. In the eastern portion of the site, the elevation ranges from -45 to -91
ft. NAVD. The thickness of the Vincentown Formation ranges from 35 ft. to 79 ft. and averages
52 ft. in the new plant location. Thickness ranges from 37 ft. to 93 ft. and averages 55 ft. in the
eastern portion of the site. Due to the erosional nature of the upper surface of the Vincentown
Formation, the sediments of the uppermost portion of the unit typically show signs of
weathering characterized by oxidation of iron-bearing minerals such as glauconite. The
weathering and oxidation of the formation is subject to several post-depositional processes,
such as subaerial exposure and fluvial erosion prior to deposition of the overlying sediments,
as well as groundwater movement through the formation. This results in distinct but erratic
contacts with the underlying unoxidized sediments that are not the result of depositional or
stratigraphic control. Oxidized sediments are typically yellowish-brown to reddish-brown and
unoxidized sediments are typically light greenish-gray to dark greenish-gray. The oxidized and
unoxidized Vincentown Formation sediments are typically composed of glauconitic,
calcareous, silty and clayey, fine-grained to medium-grained sand and fine-grained to
medium-grained sand with variable silt content. Glauconite is typically present in trace
amounts with locally higher concentrations observed during field sampling. The formation
contains many discontinuous, friable to indurated, carbonate cemented sandstone layers.
These indurated zones are typically 0.1 ft. to 1 ft. thick, as observed from split-spoon sampling
and drilling operations. The oxidized and unoxidized sediments display a weak to strong
reaction with 10 percent hydrochloric acid.

The Vincentown Unit is described both locally and regionally as a significant water-bearing
unit and is comprised of sediments of the Vincetown Formation and the lower portion of the
overlying Kirkwood Formation. The hydrogeologic parameter data for the Vincentown Unit
have been compiled from a number of pumping and aquifer tests at Salem and Hope Creek
Stations. Previously reported site-specific horizontal hydraulic conductivity values range from
0.95 to 14 ft/d (Reference 2.3-8). Horizontal hydraulic conductivity measurements from
aquifer tests conducted in observation wells installed for this proposed new plant site range
from 0.3 to 10.7 ft/d (See Table 2.3-17).

In general, groundwater in the Vincentown Formation beneath the PSEG Site has relatively
high concentrations of chloride and is not adequate for use as a potable water supply.

2.3.1.2.25 Hornerstown Formation

The Hornerstown Formation is below the Vincentown Formation and is considered an
aquitard. However, in several areas, the sand content suggests that it is in hydraulic
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communication with the overlying Vincentown Formation. Sediments of the Hornerstown
Formation are typically composed of greenish-gray to very dark greenish-gray, silty and
clayey, fine-grained to medium-grained sand, with trace to few shell fragments, trace to few
friable to indurated layers, and trace to some glauconite. Glauconite content typically
increases with depth and is estimated from field sample observations to comprise greater than
30 percent of the sand fraction near the base of the formation. The formation contains
numerous discontinuous, friable to indurated, carbonate cemented sandstone layers. These
cemented zones are typically 0.1 to 1 ft. thick, as observed from the split-spoon sampling and
drilling operations. In general, the Hornerstown Formation is differentiated from the overlying
Vincentown Formation on the basis of increasing silt/clay content and increasing glauconite
content. These properties classify it as an aquitard.

The Hornerstown Formation, together with the underlying Navesink Formation comprise an
aquitard between the Vincentown and Mount Laurel Formations. There are no site-specific
hydraulic conductivity testing data available for the Hornerstown unit. Regionally, estimates of
the vertical hydraulic conductivity for the Hornerstown and Navesink Formations range from
0.0005 to 9 ft/d (Reference 2.3-90 and 2.3-71). The relatively higher range of values (e.g. 9
ft/d) are reportedly measures of minor sand layers that are not representative of this units
overall vertical hydraulic conductivity (Reference 2.3-71). Horizontal hydraulic conductivity
measurements for the Navesink Formation and Hornerstown Sand in Gloucester County
range from 30 to 65 gpd/ft? (4 to 8.7 ft/d) (Reference 2.3-90).

The Hornerstown Formation consists of Paleocene age marine sediments deposited in a
neritic environment during a marine transgression. Borings in the new plant location
encountered the top of the Hornerstown Formation at approximate elevations ranging from
-105 to -114 ft. NAVD, and in the eastern portion of the PSEG Site at approximate elevations
ranging from -127 to -137 ft. NAVD. The formation averages 20 ft. in thickness across the
PSEG Site.

2.3.1.2.2.6 Navesink Formation

The Navesink Formation underlies the Hornerstown Formation and, as described in the
previous subsection, these two units together comprise an aquitard between the Vincentown
and Mount Laurel formations. Sediments of the Navesink Formation are typically composed of
very dark greenish-gray to very dark grayish-green and greenish-black, silty and clayey, fine-
grained to medium-grained glauconite and quartz sand with trace to little shell fragments.

The Navesink Formation consists of Upper Cretaceous age marine sediments deposited in a
neritic environment during a marine transgression. Borings in the northern portion of the
PSEG Site encountered the top of the Navesink Formation at approximate elevations ranging
from -121 to -133 ft. NAVD, and in the eastern portion of the PSEG Site at approximate
elevations ranging from -147 to -157 ft. NAVD. The thickness of the unit averages 24 ft. in the
new plant location and thins slightly to the southeast, with an average thickness of 20 ft. in the
eastern portion of the PSEG Site.
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2.3.1.2.2.7 Mount Laurel Formation

The Mount Laurel Formation and underlying Wenonah Formation create the next major water-
bearing zone. This zone is used as a drinking water source for several communities within the
region (the closest potable well is approximately 8 mi. from the PSEG Site). Two standby
production wells at Salem, PW-2 and PW-3, are screened in this aquifer. Sediments of the
Mount Laurel Formation typically consist of dark olive-gray, dark grayish-brown, and greenish-
gray, clayey and silty, fine-grained to medium-grained sand, grading with depth into fine-
grained to medium-grained sand with variable silt and clay content; all with trace to little
glauconite and shell fragments. The amount of glauconite and shell fragments decreases to
trace amounts with increasing depth. The upper 15 — 20 ft. of the formation typically contains
trace to little, subrounded, coarse-grained sand and fine gravel, and is locally composed of
sandy clay.

The Mount Laurel Formation consists of Upper Cretaceous age marine sediments deposited
in a nearshore environment during a marine regression. All geotechnical borings advanced
during the ESPA investigation penetrated the top of the formation. Borings in the northern
portion of the PSEG Site encountered the top of the Mount Laurel Formation at approximate
elevations ranging from -145 to -157 ft. NAVD, and at approximate elevations ranging from
-168 to -177 ft. NAVD in the eastern portion of the PSEG Site. This corresponds to an
apparent southeasterly dip of approximately 30 ft/mi. The unit has an average thickness of
103 ft. in the new plant location and thickens slightly to the southeast, with an average
thickness of 111 ft. in the eastern portion of the PSEG Site.

Together with the top of the underlying Wenonah Formation, the Mount Laurel-Wenonah
Aquifer ranges from approximately 100 to 125 feet in thickness. The horizontal hydraulic
conductivity calculated from a pumping test at the PSEG site ranges 0.67 to 18.7 ft/d
(Reference 2.3-8).

2.3.1.2.2.8 Wenonah Formation

The upper Wenonah Formation underlies the Mount Laurel Formation. The Mount Laurel and
Wenonah formations are used as a drinking water source for several communities. The
formation typically consists of very dark gray to greenish-black, sandy clay with trace shell
fragments and trace to few glauconite, and locally consists of clayey and silty, fine-grained to
medium-grained sand with trace to few glauconite. The lower Wenonah Formation has an
increase in clays and silts and is considered, with the underlying Marshalltown Formation, to
be an aquitard.

The Wenonah Formation is of Upper Cretaceous age and consists of marine sediments
deposited in a neritic environment during a marine regression. Six of the borings completed
during the ESPA investigation penetrated the top of the formation. In the new plant location,
the top of the Wenonah Formation was encountered at elevations ranging from -250 to -259 ft.
NAVD, and in the eastern portion of the PSEG Site at approximate elevations ranging from -
279 to -289 ft. NAVD. The Wenonah Formation has an average thickness of 15 ft. across the
PSEG Site.

The Lower Wenonah Formation, together with the upper portion of the underlying
Marshalltown Formation comprise the Marshalltown-Wenonah aquitard. There are no site-
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specific hydraulic conductivity testing data available for this aquitard. Regionally, estimates of
the vertical hydraulic conductivity for the Marshalltown-Wenonah Unit range from 0.0000057
to 0.13 ft/d (Reference 2.3-71).

2.3.1.2.2.9 Marshalltown Formation

The Marshalltown Formation consists of Upper Cretaceous age marine sediments deposited
in a neritic environment during a marine transgression and, with the lower Wenonah, acts as
an aquitard. Sediments of this unit typically consist of greenish-gray to very dark gray and
black, clayey and silty, fine-grained to medium-grained sand, and fine sandy clay of variable
plasticity, all with trace to little glauconite content. Trace amounts of shell fragments, pyrite
nodules, friable layers, and subrounded fine gravel were locally encountered within the
Marshalltown Formation. A natural gamma peak was observed in the geophysical logs at the
top of the Marshalltown Formation/base of the overlying Wenonah Formation. This may
represent a thin (less than 3 ft. thick) phosphatic hard-ground or lag deposit that formed
during the transition from deposition of the Marshalltown Formation to deposition of the
Wenonah Formation, and is used to differentiate the two formations at the PSEG Site. The
Marshalltown Formation, in general, shows an elevated natural gamma response in
comparison to the overlying Wenonah Formation, but is similar to the underlying Englishtown
Formation.

Five of the borings completed during the ESPA investigation penetrated the top of the
Marshalltown Formation at elevations ranging from -265 to -277 ft. NAVD in the northern
portion of the PSEG Site and at approximate elevation -293 ft. NAVD in the eastern portion of
the PSEG Site. This corresponds to an apparent southeasterly dip of approximately 30 ft/mi.
The Marshalltown Formation is typically 25 ft. thick across the PSEG Site.

2.3.1.2.2.10 Englishtown Formation

The Englishtown Formation consists of Upper Cretaceous age marine sediments deposited in
a nearshore environment associated with a marine regression. Sediments in the upper portion
of the Englishtown Formation consist of micaceous, very dark greenish-gray to very dark gray
and black, sandy silt and clay to clayey sand, with trace shell fragments and trace to little
glauconite; grading downward into micaceous, black, highly plastic silt and clay with trace to
few fine sand and trace shell fragments. This formation is considered a water-bearing zone
with good water quality. However, the yield of this aquifer cannot support site requirements.

There are no site-specific hydraulic conductivity testing data available for the Englishtown
Aquifer as this aquifer has not been evaluated locally as a source of water. Regionally,
estimates of the horizontal hydraulic conductivity for this unit range from 12 to 67 ft/d based
on aquifer and laboratory tests for the unit as represented in Monmouth County, New Jersey
(Reference 2.3-71).

Four of the borings advanced during the ESPA investigation penetrated the top of the
Englishtown Formation at approximate elevation -291 ft. NAVD in the new plant location and
at approximate elevation -319 ft. NAVD in the eastern portion of the PSEG Site. The thickness
of the Englishtown Formation ranges from 44 to 49 ft. across the PSEG Site.
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2.3.1.2.2.11 Woodbury Formation

The Woodbury Formation consists of Upper Cretaceous age marine sediments deposited in
an inner shelf environment associated with a marine regression. Together with the underlying
Merchantville Formation, these units are an aquitard between the overlying Englishtown
Formation and the underlying PRM. Sediments of the Woodbury Formation consist of very
dark gray and black to greenish-black, highly plastic clay with trace glauconite, fine sand,
mica, and shell fragments and, locally, with trace indurated layers. The sediments have weak
to no reaction with 10 percent hydrochloric acid. Sediments of the Woodbury Formation are
similar to those of the upper portion of the overlying Englishtown Formation and the two
formations appear to have a gradational contact.

Two deep borings completed during the ESPA investigation penetrated the top of this unit at
approximate elevation -336 ft. NAVD in the new plant location and at approximate elevation
-368 ft. NAVD in the eastern portion of the PSEG Site. The thickness of the Woodbury
Formation ranges from 30 to 36 ft. across the PSEG Site.

2.3.1.2.212 Merchantville Formation

The Merchantville Formation and overlying Woodbury Formation comprise an aquitard
between the overlying Englishtown water-bearing zone and the underlying PRM. Sediments of
the Merchantville Formation consist of greenish-black to black, glauconitic, silt and clay with
trace to some fine sand, trace mica, and locally with trace friable to moderately indurated
layers.

There are no site-specific hydraulic conductivity testing data available for the Merchantiville-
Woodbury Confining Unit. This unit acts as a confining unit over the PRM aquifer and
regionally, estimates of the vertical hydraulic conductivity range from 0.000004 to 0.0004 ft/d
(Reference 2.3-71).

The Merchantville Formation consists of Upper Cretaceous age marine sediments deposited
in a neritic environment during a marine transgression. The two deep borings advanced during
the ESPA geological investigation penetrated the top of the Merchantville Formation at
approximate elevation -372 ft. NAVD in the northern portion of the PSEG Site and at
approximate elevation -398 ft. NAVD in the eastern portion of the PSEG Site. The unit is
approximately 30 ft. thick.

2.3.1.2.2.13 Potomac-Raritan-Magothy Units

Hydrogeologically, the PRM formations are identified as a continuous water-bearing zone
used as a primary potable water source at the PSEG Site as well as regionally. There are
confining units between water-bearing zones, but for the purpose of this ESPA, the PRM is
discussed as one unit.

The Magothy Formation disconformably overlies the Potomac Formation and consists of
Upper Cretaceous age non-marine sediments deposited in deltaic to nearshore environments.
Sediments of the Magothy Formation typically consist of gray to very dark gray,
carbonaceous/lignitic clay and silt at the top of the formation, interbedded with sands with
variable silt and clay content at the bottom of the formation. The two deep borings advanced
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during the ESPA geological investigation penetrated the top of the Magothy Formation at

approximate elevation -402 ft. NAVD in the northern portion of the PSEG Site, and in the

eastern portion of the PSEG Site at approximate elevation -429 ft. NAVD. The unit ranges
from 52 to 55 ft. thick.

For the purposes of this study, the Raritan Formation, although recognized as a distinct
formation, is considered to be part of the Potomac Formation at the PSEG Site. However,
hydrogeologically, the Upper Raritan aquifer provides good quality groundwater and is tapped
by three production wells used by the HCGS (HC-1 and HC-2) and SGS (PW-5). Average
production of these wells from 2002 to 2009 was 369 gallons per minute (gpm). The remaining
deep production well at the PSEG Site, PW-6, is in the next deeper aquifer, the Middle PRM,
but supplies only a small portion of the SGS’s groundwater supply needs (less than 10 gpm
average from 2002 to 2009) (Table 2.3-24).

The Middle Raritan Clay, 260 to 270 ft. thick, separates the Upper PRM from the Middle PRM.
The Middle PRM is thinner (45 to 55 ft. thick) and generally has a lower transmissivity than the
Upper PRM. However, transmissivity in the Upper PRM appears to vary more widely than in
the Middle PRM. The Middle PRM supplies a relatively low percentage of the groundwater
used at the SGS (Reference 2.3-8) (Table 2.3-9).

The Potomac Formation is the deepest stratigraphic unit encountered by the ESP borings at
the PSEG Site. The Potomac Formation consists of Lower to Upper Cretaceous age non-
marine, continentally derived sediments deposited in anastomising fluvial to deltaic
environments (Reference 2.3-59). Two borings completed during the ESP investigation
penetrated the top of the Potomac Formation. The top of the formation is at approximate
elevation -454 ft. NAVD in the new plant location, and at approximate elevation -484 ft. NAVD
in the eastern portion of the PSEG Site. These two borings are along a southeasterly line,
approximately in the regional dip direction. The vertical elevation difference corresponds to an
apparent southeasterly dip of approximately 34 ft/mi, (less than 1 percent). This is consistent
with published range of dip for the NJ Coastal Plain. The top of the Potomac Formation is
identified mainly from the geophysical testing conducted in the two deepest borings completed
as part of the ESP.

2.3.1.2.3 Observation Well Data

Sixteen observation well pairs were installed in late 2008 through January 2009 to support this
ESPA. Groundwater level data are used, in conjunction with existing data from the PSEG Site,
to prepare groundwater potentiometric surface maps. The new wells were installed on both
the northern portion of the PSEG Site, where the plant will be constructed, and on the eastern
portion of the PSEG Site, which may be used as support and/or lay-down areas during
construction. Well pairs installed on the new plant location are designated as NOW-1U (upper)
and L (lower) through NOW-8U and L. Wells installed on the eastern portion of the PSEG Site
are designated as EOW-1U and L, EOW-2U and L, and EOW-4U and L, EOW-5L and U,
EOW-6L and U, EOW-8L and U through EOW-10L and U.

At each well pair, the lower or deeper well was installed within the Vincentown or lower
Kirkwood aquifer. With the exception of EOW-4U, NOW-5U, and NOW-7U, the upper or
shallow wells were installed within the Alluvium. Observation wells EOW-4U, and NOW-5U
were installed in the hydraulic fill to assess the properties of the shallow hydraulic fill aquitard.
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NOW-7U was installed in the Vincentown Formation just below the hydraulic fill as it was
identified as the first adequate water-bearing zone encountered. Observation well construction
details are summarized on Table 2.3-12.

Monthly water levels were measured at each observation well to collect sufficient data to
characterize groundwater conditions at the PSEG Site, including seasonal fluctuations

(Table 2.3-13). These data were then supplemented during the September sampling event
with data from existing wells at the PSEG Site. The monthly water-level measurements are
used to characterize groundwater flow directions, calculate hydraulic gradients, and ascertain
seasonal variations in groundwater levels and flow directions in the two shallow water-bearing
units. A 12-month data set, from January 2009 through December 2009, is presented in
Table 2.3-13. In addition to the 12 months of data, historic, longer term data are available for
some of the existing wells installed in the shallow Alluvium, as well as the Vincentown
Formation and the PRM. These data are presented in Table 2.3-14.

Groundwater levels may be affected by precipitation to varying degrees, depending upon the
hydrogeologic conditions (e.g. shallow unconfined or deep confined units). Figure 2.3-25 shows
monthly precipitation data based on information gathered from the Delaware Environmental
Monitoring System for Wilmington Delaware. The figure shows cumulative and monthly
precipitation data for 2009 indicating low precipitation totals for fall and winter months and
generally higher levels of precipitation in the spring and summer months.

Time series plots of all installed wells installed at the new plant location (north observation
wells) and eastern location (east observation wells) are presented in Figures 2.3-26 and 2.3-
27, respectively. Water levels for most wells in the each area are shown to be higher from
May to October, a period of time that coincides with higher levels of precipitation in 2009. In
general, water levels in wells such as NOW-2U, NOW-2L, and EOW-8U, which are located
closer to the Delaware River, demonstrate a greater amount of variability due to tidal
influences.

Groundwater quality data is presented in Subsection 2.3.3.2.
2.3.1.2.3.1 Alluvium

North Observation Wells

Six wells were screened in the alluvial (or riverbed) deposits that underlie the hydraulic fill.
These materials represent the uppermost interval where groundwater transport is likely. As
presented on Figure 2.3-28, the 2009 water-level measurements collected for the wells
installed on the new plant location show slight seasonal variations with higher water levels in
the summer months. These data also reflect slight tidal impacts. It is also clear that the
observation well installed within the hydraulic fill, NOW-5U, represents perched conditions and
is not as responsive to seasonal variation as the wells installed within the Alluvium.

Groundwater potentiometric contours were interpreted for each measuring event.
Groundwater quality samples were collected on a quarterly basis during this period as well.
The estimated potentiometric surface contours of the shallow water-bearing zone (Alluvium)
are shown for each of the quarterly sampling events in 2009. Potentiometric contours, or
groundwater flow directions, for February, April, July and September sampling events are
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presented in Figures 2.3-29 through 2.3-32. Although the gradients are not corrected for tidal
influences, groundwater flow is generally toward the Delaware River, with a slightly more
northerly component during the summer months.

East Observation Wells

Seven wells were screened within the alluvial (or riverbed) deposits that underlie the hydraulic
fill. As noted above, these materials represent the most likely interval for groundwater
transport in the shallow system. Figure 2.3-33 shows the water-level data in the upper wells
on the east location. There is less apparent seasonal variation when compared to new plant
location data. This suggests that the north observation wells, which are in closer proximity to
the river, exhibit a stronger tidal influence, or may have areas of thinning hydraulic fill.
Observation well EOW-4U was screened in the hydraulic fill and therefore the groundwater
level data from that location was not used in assessing groundwater flow within the Alluvium.

In addition to the water elevations, two wells within the east location intersected intervals of
decomposing organic matter. It was noted during development that observation wells
EOW-8U and EOW-10U were off-gassing methane and hydrogen sulfide and continued to
off-gas through 2009.

Groundwater contours were interpreted for each round of sampling. During quarterly events,
groundwater quality samples were also collected. The interpreted potentiometric surface
contours of the shallow, water-bearing zone are shown for each of the quarterly events in
2009. Potentiometric surface contours, or groundwater flow directions, for February, April, July
and September sampling events are presented in Figures 2.3-34 through 2.3-37. As noted
above, groundwater elevations are not corrected for tidal effects. However, the upper
water-bearing zone in the east location discharges to the tidal marsh to the east, and to the
Delaware Estuary to the south. The estimated potentiometric surface contours show a
groundwater divide in the vicinity of EOW-10U. This is consistent with local topography.

Groundwater gradients, hydraulic properties and tidal influences are discussed in
Subsection 2.3.1.2.4.

2.3.1.2.3.2 Vincentown Formation

North Observation Wells

Nine wells were screened within the Vincentown or Vincentown-Kirkwood formations. As
depicted on Figure 2.3-38, groundwater levels for these wells show more variation over time.
This is most likely due to tidal influences. As noted in both previous studies (References 2.3-1
and 2.3-8), and Subsection 2.3.1.2.4, the overlying Kirkwood Formation is an aquitard
creating semi-confining conditions. Additionally, the Vincentown Formation is in direct
hydraulic communication with the Delaware River. Therefore, the tidal influences are seen
with greater amplitude and farther eastward than as noted in the shallow water-bearing zone.

Groundwater contours were determined for each round of sampling. During quarterly events,
groundwater quality samples were also collected. The estimated potentiometric surface
contours for the deeper water-bearing zone (Lower Kirkwood and Vincentown formations) are
shown for each of the quarterly events in 2009. Potentiometric surface contours, or
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groundwater flow directions, for February, April, July and September sampling events are
presented in Figures 2.3-39 through 2.3-42. Groundwater within the Vincentown aquifer flows
west, toward the Delaware River.

East Observation Wells

Eight wells were screened in the Vincentown or Vincentown-Kirkwood boundary. As evident
with the northern wells, and in Figure 2.3-43, monthly water-level fluctuations may be tidally
influenced with water levels showing approximately 1-ft. variations between monthly
measurements. However, due to the greater distance from the river, the magnitude of the tidal
influence on water levels at the east location is expected to be markedly reduced.

Groundwater contours were interpreted for each round of sampling. During quarterly events,
groundwater quality samples were also collected. The estimated potentiometric surface
contours of the deeper water-bearing zone are shown for each of the quarterly events in 2009.
Potentiometric surface contours, or groundwater flow directions, for February, April, July, and
September sampling events are presented in Figures 2.3-44 through 2.3-47. Groundwater
flow within the Vincentown aquifer is generally similar to that in the shallow aquifer and flows
east and south.

2.3.1.2.3.3 Hydrogeologic Properties

Sixteen observation wells each were installed on the new plant and eastern locations to
support the ESP application. Water-level measurements have been collected monthly to
evaluate flow directions and hydraulic gradients. Additionally, hydraulic conductivity tests were
conducted on the observation wells installed on the new plant location to calculate the
estimated hydraulic conductivity of the alluvial or upper water-bearing zone, and the
Vincentown or lower water-bearing zone. In addition to these activities, a limited tidal study
was completed for two well pairs on the new plant location to better characterize the hydraulic
communication between the Delaware River and the adjacent upper and lower water-bearing
zones.

Hydraulic Gradients

The potentiometric surface of the groundwater in both the upper and lower water-bearing
zones follows the regional and local topography and is relatively flat. Groundwater at the new
plant location flows generally toward the Delaware River.

Depth to water measurements were collected from wells installed in the new plant location as
well as the eastern location and the data used to characterize groundwater flow. During the
September event, additional wells from SGS and HCGS were also measured to obtain a
broader special distribution of data between the new plant and eastern locations.

Groundwater flow directions and hydraulic gradients were determined for each month by
contouring the isopleths from the piezometric head elevations. These contours were
established for each data set and average values. Average groundwater gradients in the
upper water-bearing zone (or Alluvium) are calculated at 0.00042 feet per foot (ft/ft) in the new
plant location, and 0.00188 ft/ft in the eastern location. Average groundwater gradients in the
lower water-bearing zone (Vincentown Formation) are calculated at 0.00048 ft/ft in the new
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plant location, and 0.00024 ft/ft in the eastern location. A summary of the calculated average
gradients from fixed points (assumed to be parallel to flow) as well as measured gradients
parallel to groundwater flow direction are presented in Table 2.3-15.

The shallow horizontal gradients in both water-bearing zones suggest that the overall
groundwater velocity will be slow. When combined with the hydraulic conductivities discussed
below, average groundwater velocities range from 0.0078 feet per day (ft/day) (2.9 feet per
year [ft/yr]) to 0.0353 ft/day (12.9 ft/yr) in the upper water-bearing zone (Alluvium) and from
0.0046 ft/day (1.7 ft/yr) to 0.0091 ft/day (3.3 ft/yr) in the lower water-bearing zone (Vincentown
Formation).

Vertical Gradients

Vertical gradients are calculated for each well pair. The vertical gradients for each round of
water-level readings are shown in Table 2.3-16. In general, there is a slight downward
gradient between the upper and lower water-bearing zones. However, because the lower unit
is more strongly influenced by tidal fluctuations, these gradients do not significantly impact
groundwater flow. The Kirkwood Formation, where present, acts as an aquitard between the
two zones, further limiting the hydraulic communication between the two formations.

Hydraulic Conductivity

Hydraulic conductivity tests (commonly referred to as slug tests) were completed in all of the
wells installed on the new plant location for this ESP. The data are evaluated using the
Bouwer and Rice, Cooper et al., and Hvorslev methods to calculate hydraulic conductivity
estimates (References 2.3-5, 2.3-7, and 2.3-32).

Based on all slug test results for the upper wells that are screened in the Alluvium, average
hydraulic conductivity values in this unit are calculated to range from 0.4 to 8.0 ft/day.
Calculated average hydraulic conductivity values for the lower wells that are screened in the
Vincentown Formation (excluding NOW-7U) range from 0.3 to 10.7 ft/day. Unlike other wells
screened in the Vincentown, NOW-7U may be hydraulically connected to the alluvial deposit.
The average hydraulic conductivity value for observation well NOW-5U, which is screened in the
hydraullic fill, is 0.2 ft/day. Average hydraulic conductivity values for individual wells, using all
test data, are presented in Table 2.3-17.

Groundwater Velocity

Groundwater velocities are dependent on the hydraulic gradients and the hydraulic
conductivity of the water bearing zone. Average horizontal travel times, or velocities in the
upper alluvial aquifer are 0.0078 ft/day (2.9 ft/yr) in the new plant area and 0.353 ft/day
(12.9 ft/yr) in the eastern locations. Average travel times for groundwater in the lower
Vincentown aquifer range from 0.0091 ft/day (3.3 ft/yr) in the new plant location to

0.0046 ft/day (1.7 ft/yr) in the eastern location.

Based on the tidal fluctuations and minimal vertical gradients, the horizontal velocity
groundwater is much greater than the vertical velocity making any vertical migration of
groundwater insignificant with respect to partial or contaminant transport.
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Tidal Influences

A 72-hr. tidal study was completed on observation wells NOW-1L and NOW-1U, and NOW-3L
and NOW-3U. Similar to the findings from the studies conducted at the PSEG Site (Reference
2.3-1), a slight tidal influence was observed in the wells installed in the Alluvial deposits, or
upper water-bearing zone. A stronger tidal influence was observed in the lower wells installed
in the Vincentown Formation.

Observation wells NOW-3U and NOW-3L exhibited average tidal shifts of 0.56 ft. and 2.26 ft.,
respectively, over the course of the tidal study. The NOW-3 well pair is located approximately
170 ft. from the Delaware River. The NOW-1 pair is located approximately 723 ft. inland to the
east. Observation well NOW-1L exhibited an average tidal shift of 0.49 ft. over the course of
the tidal study. These data suggest the semi-confined condition of the Vincentown Formation
results in an amplified response to tidal change. Both the upper and lower aquifers are in
hydraulic communication with the Delaware River, but there is greater response in the wells
screened in the lower aquifer. For both geological units, tidal influences dampen or decrease
with distance from the river. The responses of the four wells, as compared to the stilling well
installed at the barge slip, are presented in Figures 2.3-48 through 2.3-52. A summary of the
tidal study is also presented on Table 2.3-18.

23124 Hydraulic Communication Between Groundwater and Surface Water Bodies

Ten shallow piezometers were installed at depths ranging from 2 to 5 ft. below the bottoms of
surface-water bodies at sampling locations AS-1 through AS-6, and AS-8 through AS-11.
Each piezometer was constructed with a 1.5-ft. screen interval. These piezometers were used
to collect data to characterize the hydraulic communication between the surface-water and
underlying groundwater. Piezometer locations are shown on Figure 2.3-21.

Monthly water-level measurements were collected from the six piezometers installed at the
PSEG Site. Measurements from the four piezometers installed off-site (AS-1 through AS-3
and AS-11) were collected quarterly. Water-level measurements and construction details are
provided in Table 2.3-19.

Based on the data from each piezometer location, and when compared to the potentiometric
surface of the water table, the surface-water bodies on-site and within the tidal marsh appear
to be perched. There is no conclusive data that indicates that they are receiving bodies or that
they recharge the underlying groundwater. It is interpreted that these surface-water bodies on-
site and within the tidal marsh are perched on the silty hydraulic fill materials. The streams are
strongly influenced by the tides whereas the ponds are relatively stagnant and are recharged
by precipitation and stormwater runoff.

These data also indicate that the surface-water bodies do not strongly influence the
groundwater flow within the Alluvium of the upper aquifer. Both the measurements from within
the piezometers (representative of shallow groundwater) and outside the piezometers
(representative of surface-water) are similar for the standing waters and do not correlate to
the groundwater measurements collected from the observation wells screened in the upper
alluvial deposits. In some of the tidal marshes (i.e. locations AS-4, 5, and 11) the difference
between the surface water and groundwater are more pronounced due to the tidal impacts,
however the data demonstrate that the shallow groundwater is perched and not in hydraulic
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communication with the groundwater present in the Alluvium. These differences were also
seen in the other piezometers installed in the tidal marshes (Locations AS-1, 2 and 3)
although the differences are not as pronounced.

2.3.1.2.5 Summary

The PSEG Site is located in the NJ Coastal Plain. The regional geology and hydrogeology
consists of southeasterly dipping sands and silts. The shallow aquifers beneath the PSEG
Site, such as the alluvial deposits and Vincentown aquifer, are in direct contact with the
Delaware River, are tidally influenced, saline, and are not considered adequate sources for
potable water.

Observation wells were installed at the PSEG Site to better characterize the upper Alluvium as
well as the underlying lower (Vincentown) aquifer. Hydrogeologic properties of these aquifers
were determined by laboratory testing of soil samples as well as in-situ hydraulic conductivity
tests.

Potentiometric contour maps generated from the PSEG Site data indicate that groundwater
flow in these units is generally towards the Delaware Estuary, with localized influences from
tides and the surrounding marsh. This is shown in the groundwater contours for the PSEG
Site from the September data, (supplemented by HCGS and SGS well data) and presented in
Figure 2.3-53. The tidal study indicated there is a stronger response to the tidal cycle in the
lower (Vincentown) aquifer when compared the response in the shallow riverbed groundwater.

Average horizontal travel times, or velocities in the upper alluvial aquifer are 0.0087 ft/day
(3.2 ft/yr) in the new plant area and 0.353 ft/day (12.9 ft/yr) in the eastern location. Average
travel times for groundwater in the lower, Vincentown Aquifer, range from 0.0091 ft/day
(3.3 ft/yr) in the new plant location to 0.0046 ft/day (1.7 ft/yr) in the eastern location.

The deeper aquifers, such as the Mount Laurel-Wenonah and PRM, are water supply
aquifers. These water-bearing zones are also designated by USEPA as sole source. The
Mount Laurel-Wenonah was used for water supply at the PSEG Site, but to avoid induced
chloride migration from the overlying Vincentown aquifer pumping has been limited. HCGS
and SGS currently withdraw water primarily from the PRM. The new plant withdraws
groundwater for potable water and sanitary water systems as well as fire protection systems
from the PRM. The site water balance (Figure 3.3-1) provides estimates of projected
groundwater demand and is discussed further in Subsection 2.3.2.

2.31.3 Transmission Corridors

As stated in Chapter 1, PSEG is evaluating whether additional off-site transmission may be
necessary for transmission stability, but the location and need have not yet been determined.

In order to assess the potential effects of developing off-site transmission, PSEG analyzed
two new off-site macro-corridors as discussed in Subsection 9.4.3. The two, 5-mi. wide macro-
corridors analyzed are the South and West Macro-Corridors. The West Macro-Corridor (55 mi.
long) generally follows existing transmission line corridors, extending from the PSEG Site to
Peach Bottom Substation. The South Macro-Corridor (94 mi. long) also follows existing
transmission line corridors and is generally consistent with the MAPP line that has been
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preliminarily planned (but not currently approved by PJM) to extend from the PSEG Site to the
Indian River Substation. Each of these macro-corridors was developed with a common
segment. From the PSEG Site, the hypothetical macro-corridor extends north and then west
across the Delaware River to the Red Lion Substation. From this location, the potential macro-
corridors diverge extending to the west (Peach Bottom) or south (Indian River).

Based on GIS analysis the South Macro-Corridor contains a total of 1697 mi. of linear surface
water features (perennial and intermittent streams, channelized waterways). In comparison,
the West Macro-Corridor contains a total of 970 mi. of linear surface water features. Perennial
streams and channelized waterways represent the maijority of the surface water types crossed
in each macro-corridor. Additionally, each macro-corridor follows a common alignment from
the PSEG Site to the Red Lion Substation (Figure 2.2-6). Consequently, each macro-corridor
crosses the Delaware River.

Additional discussion regarding potential off-site transmission and its potential impact is
provided in Chapter 4 (Impacts of Construction), Chapter 5 (Impacts of Station Operation) and
Chapter 9 (Alternatives).

232 WATER USE

This subsection describes surface water and groundwater uses that could affect or be affected
by the construction and operation of an additional generating plant at the PSEG Site on
Artificial Island. Descriptions of the types of consumptive and non-consumptive water uses,
identification of their locations, and quantification of water withdrawals and returns are
included. Water use, for the purposes of this subsection is broadly defined, encompassing
human water supply needs for drinking and domestic uses, industrial uses, and agricultural
uses. It also includes instream uses that do not involve water diversion such as navigation,
recreation, and aquatic habitat needs that are based on water quality.

With 15 million people utilizing water supplied from the Delaware River Basin, along with
in-stream flow needs for maintenance of aquatic habitats and water quality, water use is an
important issue in this 13,600-sg. mi. watershed. The location of the new plant along the
brackish waters of the Delaware River Estuary minimizes the potential impact on potable
water supplies within the watershed. There are on-going programs and projects through the
DRBC and other federal, state, and local agencies focused on assessing existing and future
water uses and the capability of the system to meet those needs. Basin-wide, 92 percent of
the water used (potable and non-potable) comes from surface water sources. Surface storage
reservoirs, improved operational plans for reservoirs, water conservation planning/controls,
and many other infrastructure and operational approaches have been applied at various
locations to manage water use in the watershed. Groundwater resources comprise a relatively
small percentage of the overall water volume used, providing 36 percent of the potable water
used in the basin. Measures to expand use of the groundwater resources are being
considered in addition to surface water improvements, including options such as aquifer-
storage and recovery facilities and desalination of brackish sources. (Reference 2.3-21)

The DRBC was created in 1961 to manage the Delaware River Basin due to the importance of
the resource, the numerous and sometimes competing water uses, and the varying needs in
the four states that comprise the watershed. The DRBC developed a water use permitting
program, developed a water use database, and conducts activities to update and better
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understand the status of water use in the basin. The DRBC, consequently, is the most
comprehensive information source for overall water use in the basin. In addition to the DRBC,
the USACE Philadelphia District has an active role in addressing the multi-jurisdictional use
and management of the water resources for the Delaware River Basin.

The drought in the early 1960s remains the drought of record. However, less severe, but more
geographically limited, droughts have continued to periodically raise concerns about water
supply for users within and outside the Delaware River Basin.

The DRBC has summarized detailed basin-wide and regional water use information in an
agency report (Reference 2.3-19). In the 2008 State of the Delaware River Basin Report
(Reference 2.3-14), the DRBC stated that from an overall basin perspective, the basin is in
good condition with regard to water use, with human needs being met and other instream
needs being studied. Water use is described as stable with multiple potable supply sources
available in many areas. Water use efficiency is rated as fair, with indications that better
tracking methods and data are needed and that improvements, such as decreasing
consumptive uses in some regions, are desirable.

Natural Estuary habitat depends on a freshwater flow that creates a brackish water transition
from fresh water habitat to sea water habitat. Water supply intakes located near the upstream
boundary of the brackish water zone depend on freshwater inflows to limit the upstream
movement of salt water. The PSEG Site is located within the brackish water zone near the
boundary between the Delaware Bay Region, the most downstream of the 10 water supply
regions defined by the DRBC and the Lower Estuary Region. A summary of historic and
projected water withdrawals through 2040 for the Lower Estuary and Bay Regions is provided
in Table 2.3-20. The table includes both surface water and groundwater withdrawal data.
According to those projections, most of the water diverted for out-of-stream uses is returned to
the surface water system. The portion that does not return is the consumptive use fraction.
The peak month withdrawal and consumptive uses by sector for successive dry (1995) and
wet (1996) years are presented in Table 2.3-21. Consumptive uses are presented in

Table 2.3-23 and discussed in more detail below.

The largest water use in the Delaware River system is the thermoelectric power generation
sector (Reference 2.3-14). On a basin-wide basis, this sector used 71 percent of the total
tracked water withdrawn (peak value, Table 2.3-23). Comparatively, the thermoelectric power
generation sector has a low consumptive loss rate (1.6 percent). In the same time period,
public water supply accounted for approximately 11 percent of the tracked water use, and 2.3
percent of the public water supply withdrawal was lost to consumptive use.

The PSEG Site is located adjacent to the Delaware Estuary at a point where the water is
brackish. This location results in two important conditions: (1) the quantity of surface water
available to the site purely on the basis of volume is extremely large because of the water
connection to the ocean, and (2) the surface water available locally is brackish. At this
location, water supply problems that exist in the upstream non-tidal portions of the Delaware
River and tributaries are not applicable at this site.

2.3.2.1 Regional Surface Water Use

Based on DRBC statistics, 92 percent of the water withdrawn for use in the region is from
surface water. For potable water uses, 64 percent is from surface water sources. The
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distribution of sources and uses vary with location in the watershed. In the lower basin,
surface water use is high. Water use information is lacking in some areas, including estimates
of irrigation, and particularly agricultural irrigation water use. Water use data is not
consistently reported by the various states.

In the last several years, significant effort has been made in the area of water conservation,
drought planning, reservoir operations, and water supply infrastructure. Since the drought
event in 1999, over 2 billion gal. of water storage capacity has been planned or implemented
in New Castle County, DE. During the past decade, water demand in northern DE decreased
by approximately 10 percent, which has been attributed to implementation of water
conservation measures. (Reference 2.3-14)

The PSEG Site is located on the Delaware River, 52 mi. upstream from the mouth of the
Delaware Bay. The Delaware Estuary, or tidally influenced waters, extends to RM 134. At the
PSEG Site, the Delaware River water is brackish with an average salinity varying seasonally
from 4 ppt during the spring and 8 ppt in the late summer while ranging up to 20 ppt (ocean
water has a salinity of approximately 35 ppt). The salinity is maintained in this range by the
cyclic, time-varying balance between freshwater inflows upstream and near the PSEG Site in
combination with the tidal ebb and flood conditions. The salt line, defined by the DRBC as the
location where the 7-day average chloride concentration equals 250 ppm in the tidal Delaware
River, normally fluctuates and is located between RM 54 and RM 82. The furthest recorded
upstream advance of the salt line was to RM 102 during the drought of record in the early
1960s. Philadelphia, PA uses water from the Delaware River and has intakes upstream of RM
100. Downstream of the salt line, use of surface water from the Delaware River is limited to
uses that are compatible with the brackish condition, such as cooling water for industrial and
electrical power generation facilities.

Freshwater inflows to the Estuary, which include submarine groundwater discharges, affect
the upstream intrusion of salt water. Variations in freshwater inflows and the semidiurnal tides
create a continual movement of the salt line (Subsection 2.3.1.1.1). The need to maintain a
minimum freshwater flow in the Delaware River to control the upstream advance of salt water
is an important regional issue. This need, along with general water supply needs, has resulted
in the construction of reservoirs on tributaries to the Delaware River to store water for use and
to release during drought periods to maintain a minimum streamflow. These reservoirs are
summarized in Table 2.3-22 (Reference 2.3-19). Currently, the operational criteria for this
reservoir system include an objective of maintaining a minimum streamflow of 3000 cfs in the
Delaware River at Trenton, NJ. The Delaware River Master is responsible for coordinating
reservoir operations to meet the minimum flow targets (References 2.3-14, 2.3-18, and 2.3-
81). Based on monitoring of streamflow at Trenton, NJ, the reservoir system and operations
plans have increased minimum streamflows at that location in the last 30 to 40 yr as
compared with low flows that occurred prior to 1970. Streamflow records and statistics for the
USGS Delaware River at Trenton, NJ streamflow gaging station are discussed in greater
detail in Subsection 2.3.1.1. Discussion and studies are ongoing to develop an improved
approach to operating the reservoir system to best meet the salinity intrusion concern and
other water supply and instream flow needs.

Power generation sector facilities located in the Delaware River watershed are summarized in
Table 2.3-23. The DRBC has developed an equivalent impact factor (EIF) to tie downstream
consumption to upstream movement of the salt line (Reference 2.3-19). DRBC has
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determined that consumptive use downstream of RM 38 has no discernable effect on chloride
movement. However, between RM 38 and 92.4 an EIF curve has been developed to reflect
the impact of consumptive use on salinity upstream of RM 92.4. The DRBC site specific EIF
used for the PSEG Site is 0.18 (Subsection 5.2.1).

Waters of the United States are classified under the Clean Water Act with respect to their
ability to support their designated uses. Each state establishes the designated uses for rivers
and streams within that state. The DRBC summarized information from the four states in the
Delaware River watershed and determined that 37 percent of the stream river miles in the
Delaware River basin do not fully support their designated uses. Delaware Estuary waters in
Zone 5 (RM 48.2 to RM 78.8 which includes the Estuary at the PSEG Site), does not support
designated uses related to aquatic life and fish consumption (Reference 2.3-20). In Zone 5,
low dissolved oxygen concentrations were the major reason for impairment to aquatic life.
Polychlorinated biphenyls (PCBs) and mercury contaminants were identified as the major
contributor to the impaired use for fish consumption.

2.3.2.1.1 Surface Water Use in the Vicinity

Surface water bodies within the 6-mi. vicinity of the PSEG Site include the Delaware River and
several small tributaries. The tributaries in the vicinity include Alloway Creek and Hope Creek
on the east bank of the Delaware River in NJ. The major consumptive users of surface water
within the 6-mi. vicinity of the PSEG Site are HCGS and SGS.

The Delaware River within a 6-mi. radius of the PSEG Site (Delaware Bay and the tidal reach
of the Delaware River) is included in the National Estuary Program. This stretch of the
Delaware River serves the largest freshwater port in the world, the Delaware River Port
Complex, which has docking facilities in Pennsylvania, NJ and DE. (Reference 2.3-23)

2.3.21.2 Surface Water Use at the PSEG Site

As discussed in Subsection 2.1.1, the HCGS has a closed-cycle cooling system equipped with
a natural draft cooling tower and associated withdrawal, circulation, and discharge facilities.
The HCGS intake withdraws an average of 67 Mgd from the Delaware River. PSEG is
authorized by the DRBC for withdrawal and consumptive use by HCGS of groundwater and
brackish water from the Delaware Estuary. Some of this water use is a consumptive use as
the diverted water is needed to replace water evaporated in the CWS.

PSEG has an NJPDES permit for the SGS that limits intake flow from the Delaware Estuary to
a 30-day average of 3024 Mgd of circulating water. PSEG is authorized by the DRBC for
withdrawal and consumptive use by SGS of groundwater and brackish water from the
Delaware Estuary. Excepting limited consumptive use in the CWS, this SGS water use is
physically only a withdrawal, as essentially all of the diverted flow is returned to the river and
not lost volume to the river.

2322 Regional Groundwater Use

The NJ Coastal Plain region is underlain by an interbedded sequence of sands and silts that
compose a series of aquifers, aquitards, and aquicludes of Quaternary, Tertiary, and
Cretaceous ages (Reference 2.3-90) (Subsection 2.3.1.2). Within the Coastal Plain Region
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these beds generally thicken seaward and dip gently to the southeast between 10 and 60
ft/mi. As discussed in Subsection 2.3.1.2, groundwater occurs in four primary water bearing
aquifers beneath the region.

Aquifers are recharged at areas where they outcrop at the surface generally in the vicinity of,
or southeast of, the Fall Line (near the NJ western border), from adjacent aquifers through
leaky aquitards, and/or through surface water interactions with groundwater. At the PSEG
Site, the two shallow water bearing zones are in direct hydraulic communication with the
Delaware River.

The primary aquifers in the region are the shallow water-bearing zone and three aquifers:

(1) the Vincentown aquifer; (2) the Mount Laurel-Wenonah aquifer; and (3) the PRM aquifer.
As described in Subsection 2.3.1, the PRM is a significant, potable groundwater resource
regionally. The nearest public supply wells that withdraw from the PRM are located across the
Delaware River in DE, and over 5 mi. to the northeast in Salem, NJ.

In 1986, NJ designated two Critical Water-Supply Management Areas in the NJ Coastal Plain
in response to long-term declines in groundwater levels where groundwater is the primary
water supply. Critical Water-Supply Management Area 1 includes portions of Middlesex,
Monmouth, and Ocean counties along the Atlantic Ocean shore. Critical Water-Supply
Management Area 2, the nearer Critical Water-Supply Management Area, is northeast of the
PSEG Site in portions of Ocean, Burlington, Camden, Atlantic, Gloucester, and Cumberland
counties, and a small portion of eastern Salem County. In Critical Water-Supply Management
Area 2, groundwater withdrawals were reduced and new allocations limited from the PRM
Aquifer. The PSEG Site is southwest of this management area, along the Delaware River, not
in a Critical Water-Supply Management Area, and is not subject to the groundwater
withdrawal restrictions that are associated with these areas (Reference 2.3-24). As described
in Subsection 2.3.1.2, regional aquifers within the NJ Coastal Plain have been designated
sole source aquifers by the USEPA (Reference 2.3-65).

Public Water Supply Wells in NJ and wellhead protection areas in NJ and DE within a 25-mi.
radius of the PSEG Site are shown on Figure 2.3-20. Available withdrawal rates and well
depth information for selected wells that do not fall within wellhead protection areas but are
within 25 mi. of the PSEG Site and in NJ and DE are listed in Table 2.3-10. Detailed well
information for wells located in wellhead protection areas is not published by DNREC or
NJDEP.

2.3.2.2.1 Groundwater Use in the Vicinity

There are no off-site public water supply wells or private wells within 2 mi. of the PSEG Site.
The nearest public potable supply wells are three wellhead protection areas that range from
2.9 to 3.6 miles to the west and northwest in New Castle County, Delaware (Figure 2.3-20).

The discussion of local public water use is based on information in Subsection 2.5.2.9.1 and is
limited to Salem County and the adjacent counties of Gloucester and Cumberland in NJ and
New Castle County in Delaware. Groundwater is the primary source for public water systems
in these southern NJ counties. In New Castle County, DE, approximately one quarter of the
public water is obtained from a groundwater supply. Groundwater management provisions in
the region focus on protecting the lower Mount Laurel-Wenonah and PRM aquifers. Table 2.3-
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11 lists the major groundwater users (permitted for over 100,000 gpd) in Salem, Gloucester
and Cumberland counties. (Reference 2.3-72)

2.3.2.211 Salem County, New Jersey

Salem County is served by 15 public water systems. In addition to the large public systems,
there are some small private systems that serve individual communities such as mobile home
parks. Public water systems serve approximately 41,700 persons. Water systems serving the
largest populations are Penns Grove Water Supply (14,400 persons served in Salem and
Gloucester counties) and the Pennsville Water Department (13,500 persons served). The
sources for these systems are primarily groundwater. The total withdrawal of fresh water for
public supply in Salem County is 4.42 Mgd (79 percent from groundwater and 21 percent from
surface sources) (Reference 2.3-55).

The Penns Grove Water Supply is at 75 percent of capacity. In order to provide additional
storage capacity, Carneys Point Township, which receives water from Penns Grove Water
Supply, has secured federal and state grants for the Penns Grove Water Supply to construct
an additional 500,000 gal. storage tank. The Penns Grove Water Supply Company has
requested additional permitted capacity from NJDEP to meet the projected demand.

The NJDEP has designated Salem County an emergency drinking water supply source for the
state in its state Water Supply Plan. According to the plan, Salem County is an emergency
drinking water supply source for the western metropolitan areas during drought conditions
(Reference 2.3-55). This is likely due to the greater storage capacity or potential yield of the
aquifer in Salem County as it can be used when other sources are no longer adequate to
meet supply demands during droughts. The greater capacity of the aquifer near the PSEG
Site further suggests that the increased demand of the new plant can be provided by the PRM
aquifer.

232212 Cumberland County, New Jersey

Cumberland County is served primarily by public water systems and some small private
systems that serve individual communities such as mobile home parks. Public water systems
serve approximately 83,300 persons. Water systems serving the largest populations are
Vineland Water & Sewer Utility (33,000 persons served), the Millville Water Department
(27,500 persons), and the Bridgeton Water Department (22,770 persons). The sources for
these systems are primarily groundwater.

232213 Gloucester County, New Jersey

Gloucester County has 32 public water systems. In addition to the large public systems, there
are some small private systems that serve individual communities such as mobile home parks
and campgrounds. Public water systems serve approximately 220,450 persons. Water
systems serving the largest populations are Washington Municipal Utilities Authority (MUA)
(48,000 persons served), the Monroe MUA (26,150 persons served), the Deptford MUA
(26,000 persons), and the West Deptford Water Department (20,000 persons). The sources
for these systems are primarily groundwater, with the exception of the Deptford MUA, which
uses purchased surface water.
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232214 New Castle County, Delaware

Seventy-five percent of drinking water in New Castle County comes from surface water
sources, and 25 percent is from groundwater. New Castle County is served by three privately
owned water utilities and four city-owned water utilities. Public and private water systems
serve approximately 542,400 persons. The sources for these systems are ground and surface
water.

2.3.2.2.2 Groundwater Use at the PSEG Site

PSEG has authorization from the NJDEP (Reference 2.3-40) and DRBC (Reference 2.3-16)
for consumptive use of up to 43.2 million gal. of groundwater per month at the HCGS and
SGS combined. The discussion of groundwater in this section includes use at both the HCGS
and SGS for the following reasons.

o NJDEP issued a single permit for SGS and HCGS combined. Although each station
uses its own wells and there are individual pumping limits for each station’s wells, the
permit limits are combined. The current permit allows a combined maximum diversion
rate for HCGS and SGS of 2900 gpm and limits of actual water diverted to 43.2 million
gal. per month (Mgm) and 300 Mgy. The groundwater pumping limit per well, based on
the January 1, 2005 permit, is indicated in Table 2.3-24. This limit is consistent with the
docket authorization issued by DRBC for groundwater withdrawal (Reference 2.3-16).

o The groundwater distribution systems for HCGS and SGS are interconnected in order
to transfer water between the stations, if needed.

Groundwater is the only source of fresh water at the HCGS and SGS. Both stations use fresh
water for potable, industrial process make-up, fire protection, and sanitary purposes.

HCGS derives groundwater from two production wells (HC-1 and HC-2) installed to depths of
816 ft. in the Upper Raritan Formation of the PRM Aquifer (Reference 2.3-40). The wells
supply two 350,000-gal. storage tanks. Of the total volume, 656,000 gal. of water are reserved
for fire protection; the remainder is for potable, sanitary, and industrial purposes including
demineralized makeup water.

Groundwater at SGS is withdrawn primarily from two production wells, PW-5 and PW-6, which
are installed to depths of 840 ft. and 1,135 ft., respectively, in the Upper and Middle Raritan
Formations of the PRM Aquifer. The SGS also has the capability of using two shallower wells,
PW-2 and PW-3, currently classified as stand-by wells by NJDEP (Reference 2.3-40). These
wells are installed to depths of 281 ft. and 293 ft., respectively, in the Mount Laurel-Wenonah
Aquifer (Reference 2.3-44). The wells supply two 350,000-gal. storage tanks. Of the total
volume, 600,000 gal. of water are reserved for fire protection; the remainder is for potable,
sanitary, and industrial purposes including demineralized makeup water.

Groundwater Usage

PSEG has authorization from the NJDEP (Reference 2.3-40) and DRBC (Reference 2.3-16)
for consumptive use of up to 43.2 million gallons of ground water per month at SGS and
HCGS combined. Average production of the primary wells (HC-1, HC-2 and PW-5 from 2002
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to 2009 was 369 gallons per minute (gpm). The remaining deep production well, PW-6, is in
the next deeper aquifer, the Middle PRM, but supplies a small portion of the SGS’s
groundwater supply needs (less than 10 gpm average from 2002 to 2009) (Table 2.3-24).

Groundwater elevations were measured during a groundwater study in 1987 by Dames
& Moore (Reference 2.3-8) in the shallow alluvial deposit aquifer, the Vincentown
Aquifer, the Mount Laurel-Wenonah Aquifer, and the Upper and Middle Raritan
Formations of the PRM Aquifer. The groundwater elevation ranges measured for these
aquifers are indicated in Table 2.3-13. Of the four primary HCGS/SGS wells, three
(PW-5, HC-1, and HC-2) are installed in the Upper Raritan Formation. The fourth
(PW-6) is installed in the Middle Raritan Formation.

The groundwater elevation ranges measured in PW-6 (in the Middle Raritan

Formation) in 2002, 2003, 2005, 2006, 2007, and 2008 are higher than the elevation
recorded in 1987; the ranges of elevations recorded from PW-6 in 2000, 2001 and

2004 bracket the elevation recorded in 1987. These data suggest that the groundwater

level in the Middle Raritan formation has remained fairly constant.

The PRM is an important aquifer extending from Mercer and Middlesex counties in NJ to the
north and southward into and beyond DE. It is subject to numerous pumping influences
(Reference 2.3-42). In 8 of 9 years from 2000 to 2008, the ranges of elevations monitored in
wells PW-5, HC-1 and HC-2 in the Upper Raritan Formation bracketed the 1987 data (i.e.,
were both higher and lower). In 2005, the range was lower than was measured in 1987.
Elevation ranges in individual wells and between wells are highly variable. The ranges exhibit
a consistent pattern of high variability.

The groundwater demand placed on the PRM has resulted in a decrease in the elevation of
the piezometric surface that has been historically observed in the counties of Camden,
Middlesex, and Monmouth (Reference 2.3-70). The development of these piezometric surface
reductions was observed in wells completed in the middle and lower aquifers between 1973
and 1978. The declines may have been a result of an increase in the amount of extraction
from the lower aquifer which began in approximately 1973. Coincident cones of depression in
the upper and middle/lower PRM suggest that significant communication occurs between
these aquifers (Reference 2.3-70). Furthermore PRM aquifer withdrawals in Camden County
have been previously shown to influence water levels at significant lateral distances resulting
in water level reductions in Salem and Gloucester counties (Reference 2.3-70).

Groundwater withdrawals in central and southern NJ increased from 1904 to a peak in the
mid/late 1970s. They then dropped off precipitously in the mid 1980s (References 2.3-70 and
2.3-89). A slower rate of declining withdrawals continued until 1995 (Reference 2.3-89). Water
levels in lower PRM observation wells located in NJ and DE generally increased during the
period from the mid-1980s to the late 1990s, as documented by the USGS (Reference 2.3-
85). Decreased consumptive use and greater controls on water withdrawals by NJ in favor of
surface water withdrawals allowed water levels in the PRM to recover in central NJ from the
over-pumping of the 1970s (Reference 2.3-89).

Station pumping wells completed in the PRM have exhibited relatively stable to slightly
decreasing water levels during the period 2000 to 2008. A study by the USGS clearly shows
that the pumping centers north of the C&D Canal influence water levels in the lower PRM in
the Atrtificial Island vicinity. The interconnected nature of the lower and middle units of the
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PRM in conjunction with this study suggest that water levels in the middle PRM are influenced
by and related to water levels in the lower PRM (Reference 2.3-84). A more recent USGS
study (Reference 2.3-88) indicates that DE withdrawals from the middle and lower PRM had
increased as of 2003. This appears to have resulted in reduced regional water levels in this
area of the lower PRM. These effects continued to influence water levels at Artificial Island in
both the lower and middle units of the PRM. Water level monitoring at the station is consistent
with the regional water level changes resulting from the increased withdrawals in DE
(Reference 2.3-88).

The information described above suggests that the observed decrease in water levels in
observation wells located at the PSEG Site is part of a larger regional trend rather than a
result of station-related withdrawals. This is supported by data documenting increased water
withdrawals in southern New Castle County, DE and water level maps prepared by the USGS
as part of a long-term groundwater monitoring program. The PSEG Site is not included in
either the Southeastern Pennsylvania Ground Water Protected Area, or a NJ Critical Area,
and the DRBC monitors these regional groundwater sources (Reference 2.3-23).

2.3.3 WATER QUALITY
2.3.3.1 Surface Water

The new plant withdraws makeup water from the Delaware River through a new intake
structure located upstream of the existing HCGS and SGS intake structures (Section 3.4). All
surface water discharge from the new plant, including cooling tower blowdown, is discharged
to the Delaware River via a new discharge structure constructed upstream from the HCGS
and SGS discharge structures. As described in Subsection 2.3.1, the Delaware River is the
predominant water body in the region.

The NJDEP and the DRBC monitor water quality of the Delaware River. Additionally, the
USGS measures river stage and water quality at several gauging stations along the River,
with the location of the new plant identified as RM 52. The Delaware River is a significant
regional water resource that borders NJ, DE, PA, and NY. There is extensive historic and on-
going data collection and analysis covering a wide range of water quality and ecological
conditions in the river.

The DRBC has documented Delaware Estuary water quality in various reports. A summary of
monitoring in the Delaware Estuary for the years 1999 through 2003 (Reference 2.3-15)
provides one of the most comprehensive summaries of DRBC monitoring efforts. A total
maximum daily load (TMDL) study for the Estuary resulted in a program to address PCBs
(References 2.3-14 and 2.3-17). Dissolved oxygen has been historically identified as a water
quality parameter of concern. However, there is uncertainty regarding the effects of natural
conditions on dissolved oxygen, versus the potential impacts of human activities (Reference
2.3-14).

In addition to the DRBC and the NJDEP, the USACE has collected water quality data for
various purposes. One of the most recent efforts was related to the proposed navigation
channel deepening (Reference 2.3-63).
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The Delaware River near Philadelphia is not brackish, and has long been a major public water
supply source. One of the historical water quality concerns is salinity intrusion, or the most
upstream advance of the salt line. The salt line location has been monitored and studied
extensively over the years with regard to how various natural and human activities affect
salinity and water quality in general.

Water quality in the Delaware River at the PSEG Site is the integrated result of a complex
system. The PSEG Site is located where the hydrodynamic conditions associated with tidal
flows and salinity combine to result in relatively low primary biological productivity and
relatively high turbidity. This location is also referred to as the turbidity maxima in the Estuary.

River water quality near the PSEG Site is affected not only by the ebb and flow of the tidal
river, but also by circulation in the water body resulting from winds, complex hydrodynamic
conditions associated with tides, and other physical conditions. Salinity and water temperature
have been documented to vary across the 2.5 mi. wide river near the PSEG Site, in part due
to the horizontal variation in depths in the transverse section where depths range from the 40-
ft. deep navigation channel to the shallower waters along the shore.

Surface water samples were collected quarterly from 11 locations on the PSEG Site and from
the near-by water bodies. Samples were collected from the Delaware River, from the artificial
ponds at the new plant location, from the marsh creeks from Hope Creek and Alloway Creek.
Sampling locations are shown on Figure 2.3-15.

Samples were collected and submitted to Test America of Shelton, Connecticut for the
analyses recommended in NUREG-1555, Standard Review Plans for Environmental Reviews
for Nuclear Power Plants: Environmental Standard Review Plan, including:

Suspended solids

Total dissolved solids
Hardness

Biochemical oxygen demand
Chemical oxygen demand
Phosphorus

Nitrogen forms

Alkalinity

Chlorides

Selected inorganics (calcium, sodium, potassium, magnesium, lead and mercury)
Coliform

Phytoplankton

Field parameters were also measured for temperature, dissolved oxygen, salinity, color,
turbidity, pH and specific conductance. Samples were submitted for off-site laboratory
analysis of tritium to an outside independent laboratory (Test America, Inc.). A summary of
the data is presented on Tables 2.3-25, 2.3-26, and 2.3-27 and is discussed below.

Delaware River Locations

One Delaware River surface water sample location, AS-8, was sampled quarterly. A summary
of the data is shown in Table 2.3-25 and these data show that the water is of poor to
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moderate quality. Salinity ranged from 4 to 14 ppt; coliform was present in each round of data
ranging from low (6 colony forming units [CFUs]) to too numerous to count (TNTC). For the
inorganic metals, calcium, lead, magnesium, potassium, sodium and zinc were detected in
each round of data. Mercury was not detected in any of the samples. Tritium was not
detected in any of the samples collected from location AS-8.

Avrtificial Ponds

As noted above, there are several shallow artificial ponds at the PSEG Site. Surface water
samples were collected quarterly from locations AS-4, AS-9 and AS-14 and the analytical data
summarized on Table 2.3-26.

As these ponds are not in direct communication with the Delaware River, but are perched on
the hydraulic fill, the salinity ranges from 1 ppt to 2 ppt while the temperature ranged from 3°C
to 29°C. Total coliform ranged from 13 CFU to TNTC. The fecal coliform results were much
lower (maximum result of 101 CFUs). For the inorganic data, calcium, magnesium, potassium
and sodium were detected in all samples collected with lead and zinc detected in ten of the 15
samples collected (total sample number included duplicate samples). Mercury was not
detected in any samples.

Tritium was reported in one of the samples collected from AS-4. The reported concentration
was below the laboratory reporting limit and the value was qualified as being within the
uncertainties range provided by the lab. Tritium was not detected in subsequent rounds, and it
is likely that the detection represents a laboratory false positive. This is supported by the fact
that these samples are not located within a migration pathway that could be from a potential
tritium source such as HCGS or SGS.

Marsh Locations

Seven sampling locations (AS-1, AS- 2, AS- 3, AS-5, AS-6, AS-10, and AS-11) were located
within the tidal marshes located on and around the PSEG Site. A summary of the data are
presented on Table 2.3-27. Similar to the data from the Delaware River, coliform results
ranged from low levels (1 CFU) to TNTC. Temperature measurements collected in the field
ranged from 2°C to 27°C and are similar to the artificial ponds.

For the inorganic samples from the marsh locations, calcium magnesium, potassium, sodium,
and zinc were reported in all samples. Lead was detected in 26 of the 29 samples, with an
average concentration of 0.004 mg/L. Mercury was not detected in any samples collected
from the marsh locations.

Tritium was reported during one event at AS-10. Similar to the detection reported at AS-4, the
reported concentration at AS-10 was below the laboratory reporting limit and the value was
qualified as being within the uncertainties range provided by the lab. Tritium was detected in
the subsequent rounds, and it is likely that the detection represents a laboratory false positive.
This is supported by the fact that these samples are not located within a migration pathway
that could be from a potential tritium source such as HCGS or SGS.
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2.3.3.2 Groundwater
2.3.3.2.1 Regional Groundwater Quality

Groundwater quality in the shallow aquifers and water bearing zones is poor. They are saline
and not suitable for potable water. As noted in Subsection 2.3.2, the deeper aquifers,
including the Mount Laurel-Wenonah and the PRM are used as potable sources and are
designated by USEPA as sole source aquifers. The two shallow water bearing zones, the
alluvial deposits and the Vincentown Formations are the ones most likely to be impacted by
construction. The PRM aquifer will be used for groundwater withdrawals during new plant
construction and operation.

2.3.3.2.2 Local Groundwater Quality

As described in Subsection 2.3.1, there are several aquifers or water bearing zones located
below the PSEG Site. The shallow aquifers, the Alluvium and the Vincentown Aquifer, are
both saline and are considered of poor quality. Alternatively the deeper underlying Mount
Laurel-Wenonah and PRM aquifer are of higher quality and are sources of potable water.
They are also considered sole source aquifers as designated by the USEPA.

As the shallow aquifers are the most likely to be impacted from construction activities as well
as ongoing operations, eight well pairs were installed in both the new plant and eastern
locations. With the exception of two locations (EOW-4U, and NOW-5U) each well pair was
designed to characterize groundwater in the upper or Alluvium and the lower or Vincentown
Formation. Observation wells EOW-4U and NOW-5U were installed above the Alluvium, within
the hydraulic fill. At these locations, the groundwater is perched and not in direct hydraulic
communication with the underlying aquifer.

Groundwater samples were collected using Low Flow/Low Stress sampling methods.
(Reference 2.3-66). For 2009, samples were collected quarterly from each location and
submitted to Test America Laboratories. The locations of these observation wells on the new
plant and eastern locations are shown on Figure 2.3-21.

Samples were collected and submitted to Test America of Shelton, Connecticut for the
analyses recommended in NUREG-1555, including:

Suspended solids

Total dissolved solids

Hardness as calcium carbonate (CaCOs;)
Biochemical oxygen demand

Chemical oxygen demand

Phosphorus

Nitrogen forms

Alkalinity

Chlorides

Selected Inorganics (calcium, iron, sodium, potassium, magnesium, lead and mercury)
Coliform

Carbon dioxide

Silica
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Field parameters were also measured for temperature, dissolved oxygen, salinity, color,
turbidity, pH and specific conductance. Samples were also submitted for analysis of tritium to
an off-site independent laboratory (Test America, Inc.). A summary of the data is presented
on Tables 2.3-28 through 2.3-31.

The data show that the groundwater in both the Vincentown and Alluvium aquifers is saline
and is not considered suitable for drinking water at the PSEG Site. The deeper Mount Lauren-
Wenonah and PRM aquifers are suitable potable water sources and are protected by USEPA
as sole-source aquifers. However, these aquifers are located below several aquitards and are
therefore not characterized for water quality.

Hydraulic Fill

Two observation wells (EOW-4U and NOW-5U) were screened within the Hydraulic Fill. In
general the water quality within the hydraulic fill is consistent with the underlying Alluvium,
with the following exceptions. Total coliform was only detected at a 22 CFU in one round from
EOW-4U, however total coliform counts at NOW-5U ranged from TNTC in the first two rounds
to very low numbers in the summer and fall events. Fecal coliform was not detected in any
sample at these locations.

For inorganics, naturally occurring calcium, iron, magnesium potassium and sodium were
detected in each of the locations at concentrations consistent with water samples from the
wells screened within the underlying alluvium. Most of the detected inorganics exceed the
NJDEP drinking water standards. Mercury was detected during the July sampling event at an
estimated value of 0.00014 mg/L at EOW 4U. Lead was detected at an estimated
concentration of 0.0015 mg/L during the same July sampling event at observation well EOW-
4U.

Groundwater within the hydraulic fill is saline, with elevated specific conductance and turbidity
and relatively neutral pH levels ranging from 6.6 to 7.3. One round of sampling indicated an
elevated pH of 10.4. This reading is suspect as it was not consistent with the other rounds and
represents the highest reading for samples collected from the upper wells. This data
corresponds to the round of sampling where mercury and lead were detected in groundwater
suggesting that the elevated pH, or the source/cause of the elevated pH may have affected
the reported metal concentrations.

No tritium was detected in samples collected from either of the wells screened within the
hydraulic fill.

Alluvial Deposits

Thirteen wells were screened within the alluvial deposits; six at the northern location and
seven at the east location. One additional well, NOW-7U was screened just below the
Alluvium and for the purpose of this ESP is considered to represent the shallow or upper
water bearing zones.

Groundwater samples collected from the upper zone indicated that the water is not suitable for
a potable source, as it contains elevated chloride concentrations and other parameters.
Naturally occurring metals (calcium, iron, magnesium, potassium and sodium) are also
present. NJDEP has published the secondary drinking water standard for chlorides at
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250 mg/L. Twenty-three of the 64 samples collected from these wells reported the presence of
lead in groundwater at concentrations ranging from 0.00099 mg/L to 0.02 mg/L, as compared
to the drinking water standard of 0.005 mg/L. With the exception of observation wells EOW-
1U, EOW-8U and NOW-1U, lead was detected in at least one round of sampling for the
remaining 12 wells screened in the Alluvium.

The results from the hardness, total dissolved solids, and coliform also indicated that the
groundwater is of poor water quality. Total coliform was detected in 28 of the 64 samples
ranging from non-detected to TNTC. However, fecal coliform was only detected in three
samples with a maximum count of 29 CFU at EOW-1U (during the Spring 2009 sampling
event). The groundwater color noted on the field data reports ranged from clear to turbid and
corresponded to the measured turbidity levels.

Tritium was reported in two groundwater samples collected from EOW-1U (summer sampling
event) and EOW-6U (winter sampling event) at concentrations of 340 pCi/L and 710 pCi/L
respectively. Tritium was only detected during one sampling event at each location. Split
samples were submitted to separate laboratories with non-detected results. When considering
the uncertainty of the data and the single detect at each location, it is likely that these results
represent false positives or laboratory contamination. These data are not indicative of a
release and do not suggest that groundwater at these locations has been impacted by the a
adjacent plantsa local tritium release. This is supported by the fact that these locations wells
are not located within a migration pathway that could be from a potential tritium source such
as HCGS or SGS and the tritium release at SGS is not associated with that historic release
and does not represent any new release of tritium to the environment.

Two of the upper wells installed in the eastern location EOW-8U and EOW-10 began to off-
gas methane immediately after installation. This is attributed to the naturally occurring organic
materials and former wetland vegetation in those areas prior to the construction of Artificial
Island. The chemical data from these two locations do not suggest that the presence of the
methane impacts water chemistry.

Vincentown Aquifer

Groundwater samples collected from the deeper or lower observation wells also show
elevated concentrations of the naturally occurring inorganics, indicating that this aquifer is also
not suitable for a potable water source at the PSEG Site. Lead was detected in 5 of the

64 samples at concentrations ranging from 0.00053 mg/L to 0.0134 mg/L with an average of
0.00254 mg/L, compared to the NJDEP drinking water standards of 0.005 mg/L. Lead was
detected at an estimated value (i.e. below the laboratory reporting limit) in one sample
collected from EOW-8L during the summer sampling event only. Lead was detected in
samples collected from NOW-2L, NOW-4L, NOW-5L and NOW-6L. With the exception of
NOW-4L, detections were not repeated and the low values suggest that it is from either
seasonal fluctuations in the water chemistry or from a laboratory artifact. Lead detections
were reported during the spring (May 2009) and summer (July 2009) sampling events. Such
low concentrations may also be false positives reported by the laboratory, and although the
data have been validated, the data do not suggest a plume of lead impacted groundwater at
the PSEG Site. No mercury was reported in any samples.
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Total coliform was detected in 35 of the 64 samples. No fecal coliform was reported in any
sample. The total coliform is likely to due to the fact that the Vincentown aquifer is in direct
hydraulic communication with the Delaware River and is tidally influenced, therefore some
mixing with river water may occur. Alternatively, where there are areas where the overlying
Kirkwood aquitard is thin or missing, groundwater in the Alluvium (that also contained
elevated coliform) migrates downward.

Field parameters are similar to those measured in the upper Alluvium. The groundwater within
the Vincentown Formation is brackish with measured total dissolved solids concentrations
ranging 884 to 10,000 mg/L. The range of dissolved oxygen is lower (ranging from 0.11 to 7
mg/L) and the range of pH is 6.2 to 10.6. As noted above, the color of the samples
corresponded to the measured turbidity, from clear to cloudy.

Deeper Aquifers

As noted in Subsection 2.3.2, groundwater quality of both the Mount Laurel-Wenonah and
PRM are suitable for potable use. Several pumping wells withdraw water from the PRM to
supply the existing HCGS and SGS. Routine sampling is performed by SGS and HCGS to
confirm that all water quality parameters are within acceptable limits to support potable use of
this water (Section 6.6). Data collected as part of this program are reported to NJDEP to
ensure that the water quality meets both USEPA and NJDEP criteria and is safe for
consumption.
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Table 2.3-1
Delaware River Subbasins and Drainage Areas Above and Below the PSEG Site
USGS Hydrologic Unit Approximate
Code Subbasin Drainage Area (sq. mi.)
Upstream Downstream
No. 1.D. USGS Subbasin Name of Site of Site
1 02040101 Upper Delaware 1191 0
2 02040102 East Branch Delaware 836 0
3 02040104 Middle Delaware-Mongaup-Brodhead 1532 0
4 02040103 Lackawaxen 593 0
5 02040105 Middle Delaware-Musconetcong 1345 0
6 02040106 Lehigh 1367 0
7 02040203  Schuylkill 1924 0
8 02040201 Crosswicks-Neshaminy 543 0
9 02040202 Lower Delaware 1092 0
10 02040205 Brandywine-Christina 731 34
11 02040204 Delaware Bay 70 676
12 02040206 Cohansey-Maurice 250 794
13 02040207 Broadkill-Smyrna 0 638
Estimated Delaware River Drainage Area at Site 11,474 2142

Reference 2.3-83
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Table 2.3-2
Selected Point Precipitation Frequency Estimates (Inches)®

Average
Recurrence 5 Min 60 Min 24 Hours 7 Days 30 Days 60 Days
Interval (years)

1 0.35 1.19 2.65 3.91 7.33 11.13
5 0.48 1.79 4.16 5.93 10.29 15.09
10 0.54 2.06 4.96 6.97 11.57 16.59
25 0.60 2.41 6.18 8.48 13.29 18.48
100 0.70 2.96 8.42 11.17 16.02 21.19
500 0.79 3.58 11.76 14.96 19.26 23.98

a) 39.460 North latitude, 75.508 West longitude

Reference 2.3-37
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Table 2.3-3 (Sheet 1 of 2)
Inventory of Reservoirs in the Delaware River Basin

Drainage
Area Total
Above Storage Spillway
Name of Dam or Dam (100's of Elevation, ft. Date
Reservoir Owner or Operator Primary Purpose Source (sq. mi.) ac-ft) NAVD 1988 Completed
Pepacton Reservoir NY City Department of Water supply and East Branch 372 4600 1279 1954
Environmental Protection flow augmentation Delaware River
Cannonsville Reservoir NY City Department of Water supply and West Branch 454 3030 1150 1963
Environmental Protection flow augmentation Delaware River
Neversink Reservoir NY City Department of Water supply and Neversink River 92.5 1420 1439 1953
Environmental Protection flow augmentation
Jadwin Reservoir USACE Flood control Dyberry Creek 65 473 1052 1960
Prompton Reservoir USACE Flood control West Branch 60 728 1204 1961
Lackawaxen
River.
Lake Wallenpaupack Pennsylvania Power & Light  Hydroelectric Lackawaxen River 228 2090 1189 1925
Mongaup System Mirant NY — Gen, LLC Hydroelectric Mongaup River Varies®  Varies® Varies® Varies®
F.E. Walter Reservoir USACE Flood control and Lehigh River 289 1110 1449 1961
recreation
Wild Creek Reservoir Bethlehem Authority Water supply Wild Creek 22 125 819 1941
Penn Forest Reservoir  Bethlehem Authority Water supply Wild Creek 17 185 1000 1958
Beltzville Reservoir USACE Multipurpose Pohopoco Creek 96 1040 650 1969
Still Creek Reservoir Tamaqua Area Water Water supply Still Creek 7 83 1181 1933
Authority
Lake Hopatcong NJ Division of Parks and Water supply Musconetcong 25 482 923 1887
Forestry River
Merrill Creek Reservoir  Merrill Creek Owner’s Group  Flow augmentation Merrill Creek 3 460 928 1988
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Table 2.3-3 (Sheet 2 of 2)
Inventory of Reservoirs in the Delaware River Basin

Drainage
Area Total
Above Storage Spillway
Name of Dam or Dam (100's of Elevation, ft. Date
Reservoir Owner or Operator Primary Purpose Source (sg. mi.) ac-ft) NAVD 1988 Completed
Blue Marsh Reservoir USACE Flood control and Schuylkill River 175 500 306 1979
water supply

Nockamixon Reservoir Delaware Commission of Recreation Tohickon Creek 73 665 394 1973

Natural Resources
Ontelaunee Reservoir Reading Area Water Water supply Maiden Creek 192 228 -- 1935

Authority
Lake Galena Bucks County Water supply Neshaminy Creek 16 171 -- 1973

Commissioners
Green Lane Aqua Pennsylvania, Inc. Water supply Perkiomen Creek 71 134 285 1957
Reservoir
Chambers Lake Chester County Water Multipurpose Birch Run 5 20 587 1997

Resources Authority
Marsh Creek Delaware Commission of Water supply, flood Brandywine 20 222 359 1973
Reservoir Natural Resources control, and Creek

recreation
Springton Dam Aqua Pennsylvania, Inc. Water supply Crum Creek 215 107 266 1931
(Geist Reservoir)
Hoopes Reservoir City of Wilmington, DE Water supply Red Clay Creek N/A 110 339@ 1931
Newark Reservoir City of Newark, DE Water supply White Clay Creek 0 9.2 188 2006
References 2.3-47, 2.3-73 through 2.3-79, and 2.3-82.
a) Estimated
b) The Mongaup system consists of five privately-owned reservoirs (Toronto, Cliff Lake, Swinging Bridge, Mongaup Falls, and Rio)
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Table 2.3-4

Tributary Streams in the Vicinity of the PSEG Site

Tributary Name

Delaware River Mile

Lower Deep Creek
Mad Horse Creek
Fishing Creek

Hope Creek
Blackbird Creek
Appoquinimink River
Silver Run
Augustine Creek
Alloway Creek

St. Georges Creek
Salem River
Chesapeake and Delaware Canal
Mill Creek

44
45
47
48
50
51
53
53
54
56
58
59
60

Reference 2.3-22
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Table 2.3-5
Monthly and Annual Mean Daily Streamflow Statistics — Delaware River at
Trenton, New Jersey (Period of Record February 1, 1913 through May 3, 2009)

Streamflow Streamflow (cfs) for Given
Period (cfs) Non-Exceedance Frequency
Median  Minimum Maximum

Mean (50%) (0%) 10% 90% (100%)
Annual 11,879 8100 1240 3070 24,800 279,000
January 12,772 9280 1900 4275 23,950 129,000
February 12,900 9860 2200 4850 24,810 110,000
March 20,563 16,500 3000 7506 36,680 214,000
April 22,165 18,000 4460 8959 39,200 230,000
May 13,970 11,600 3160 6096 24,800 139,000
June 9462 6800 1420 3889 16,800 224,000
July 7101 4920 1240 2700 12,700 110,000
August 6001 4210 1320 2300 10,800 279,000
September 6196 3940 1250 2170 11,100 181,000
October 7350 4380 1240 2260 15,050 121,000
November 10,760 7835 1240 2810 22,300 107,000
December 13,232 9690 1400 4000 26,800 118,000
Reference 2.3-87
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Monthly Mean Streamflow Statistics — Delaware River at Trenton,

New Jersey (Period of Record October 1912 through September 2008)

Flow (cfs)
Month Minimum Median Mean Maximum
January 2539 11,595 12,916 34,950
February 3500 12,085 12,924 31,640
March 7715 19,295 20,627 60,840
April 6828 21,265 22,273 52,680
May 5074 12,100 13,977 31,690
June 2572 7176 9462 33,460
July 1548 5451 7101 25,720
August 1808 4442 6001 30,290
September 1762 4272 6196 32,570
October 1632 5105 7362 28,710
November 1868 10,440 10,765 27,340
December 2037 11,550 13,086 42,860

Reference 2.3-68
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Table 2.3-7
Flood Discharge Frequency — Alloway Creek
Drainage Peak Discharge (cfs)
i A
Location (sqr?nai.) 10-year 50-year 100-year 500-year
At Confluence with Delaware River 59.6 2740 4520 5450 7800
At Salem-Hancocks Bridge Road 51.6 2440 4020 4850 6600

Reference 2.3-27
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Table 2.3-8
Summary of Selected Physical Features of the Delaware Estuary
Physical Feature Location / Statistic Measure
Length Falls at Trenton to Mouth of 133.3 mi.
Bay
Width Minimum within Estuary 0.12 mi.
Maximum within Estuary 27 mi.
Depth Mean 19 ft.
Navigation Channel 30 — 40 ft.
Surface Area Open Water (Main Stem and 758.7 sq. mi.
Creeks)
Marsh Plain Areas 246.8 sq. mi.
Total 1005.5 sq.
mi.
Volume Total Estuary 45x10 "
Tidal Prism 1.4x10 " 3
Mean Tidal Range Cape May Point (RM 0) 4.8 ft.
Reedy Point (RM 54) 5.5 ft.
Trenton (RM 133) 8.1 ft.
Flow Tidal (Mouth of Bay) 5,190,000
cfs
Average Freshwater Inflow 20,240 cfs
(total)
Watershed Total Area 13,533 sq.
mi.
Estuary Drainage Area 5987 sq.mi.

Reference 2.3-54.
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Table 2.3-9 (Sheet 1 of 3)
Regional and Site-Specific Aquifer Characteristics

Specific

Formation Transmissivity Hydrau_lic_: Tota_l Stor_age Capacity Leakance Reference
Conductivity Porosity Coefficient (gpm/ft) (ft/d per ft.)
Fill 6.5 ft/d 2.3-1
Alluvium 13.2 to 440 gpd/ft 0.9 to 13.1 gpd/ft® 2.3-71
Aquifer 2.95 ft/d 2.3-1
. Kz = 0.00002 to
i'(;ﬁ‘i’;’:r‘(’jd 0.00005 ft/d 2311
1e-5/d 2.3-84
0.5t08.3 2.3-90
Basal 5000 to 11,000 gpd/t 0310 1.9 23-8
Kirkwood- >
Vincentown 530 ft°/d , 2.3-71
Aquifer 2000 to 2500 ft°/d 2.3-84
2
1987 to 2791 ft*/d 2.3-69
301065 gpantt? %022~ 2.3-90
Hornerstown - Kz = 9'42 gpd/ft’ 2.3-71
Navesink Kz = 0.005 to 2.3-71
Aquitard 9 ftid
5e-5/d 2.3-84
3.35e-5 to
6.87e-5/d 2569
7000 gpd/ft 18.7 ft/d 2.3-13
10 ft/d 0.444 0.7t09 2.3-90
Mount Laurel - 7500 to 14,000 gpd/ft 2.3-12
Wenohah 4900 to 8,700 gpd/ft 0.2t03.8 2.3-8
Aquifer 360 to 1.430 ft*/d 13 to 19 ft/d 2.3-71
1000 ft*/d 2.3-84
726 to 922 ft°/day 2.3-69
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Table 2.3-9 (Sheet 2 of 3)

Regional and Site-Specific Aquifer Characteristics

Formation Transmissivit Hydraulic Porosit g:e:(i:fiitc Leakance Reference
y Conductivity Y ¢ pacity (ft/d per ft.)
(gpm/ft)
0.001 to 0.01
Marshalltown- Kz = 0.0000057 to 2371
Wenohah 0.13 ft/d )
Aquitard 6e-6/d 2.3-84
5.91e-6 to
713e-6/d 2369
up to 10 2.3-90
Englishtown 1100 to 2,100 ft*/d 12 to 67 ft/d 2.3-71
Aquifer 500 ft*/d 2.3-84
415 to 552 ft/d 2.3-69
Kz = 0.00000087
Merchantville- to 0.03 ft/d 2.3-71
Woodbury 3e-6/d 2.3-84
Confining Unit 2.15e-6 to
385e6/d 20
10,000 to 25,000
gpd/ft 2.3-11
15,008;8”%[5,000 23.9
Upper PRM 106 1o
Aquifer 9000 to 27,000 gpd/ft 2'6 7 2.3-8
870 to 24,210 gpd/it 240 ft/d 2.3-71
2000 ft*/d 2.3-84
1086 to 2419 ft*/d 2.3-69
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Table 2.3-9 (Sheet 3 of 3)

Regional and Site-Specific Aquifer Characteristics

Formation Transmissivit Hydraulic Porosit Storage g:e:(i:fiitc Leakance Reference
y Conductivity Y Coefficient (ggmlfty (ft/d per ft.)

Kz = 0.084 ft/d 2.3-71

Confining 2e-6/d 2.3-84
Unit, Upper to 1.797e-7

Middle PRM to 2.69e- 2.3-69

7/d

4700 to 11,500 gpd/ft 2.3-11

. 8590 gpd/ft 129.5 ft/d 0.0025 2.3-44

X'(';L?f'grPRM 670 to 4000 gpd/ft 2.3-8

4000 ft°/d 2.3-84

3024 to 3813 ft°/d 2.3-69

Confining 5e-6/d 2.3-84
Unit, Middle to 7.19e-7 to

Lower PRM 1.67e-5/d 2.3-69

2300 to 16,600 ft°/d 2.3-71

k‘;‘ﬁﬁgrPRM 4000 to 5000 ft%/d 2.3.84

4844 to 5299 ft’/d 2.3-69

Kz = Vertical hydraulic conductivity.
d = day

Units of transmissivity in gallons per day per foot are converted to ft*/d by dividing by 7.48 gallons per cubic foot.
Units of hydraulic conductivity in gallons per day per square foot are converted to ft/d by dividing by 7.48 gallons per cubic foot.
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Table 2.3-10 (Sheet 1 of 11)
Summary of Public Water Supply Wells within a 25-Mile Radius of the PSEG Site®

2.3-70

Well Identification Owner County D;I;;:zl‘a) Pu(r;gnlf)ate
New Jersey
NJGS0000000260 J & J Community Park Cumberland 0 14.6
NJGS0000000261 J & J Community Park Cumberland 0 14.6
NJGS0000000365 Handy's Mobile Park Salem 0 9
NJGS0000000366 Handy's Mobile Park Salem 0 20
NJGS0000000368 Country Club Estates Mobile Home Salem 0 0
WSWL0000066937 South Jersey Water Supply Co. Gloucester 270 250
WSWL0000066939 Penns Grove Water Supply Co. Gloucester 0 270
WSWL0000066944 Penns Grove Water Supply Co. Salem 371 400
WSWL0000067026 Woodstown Water Dept. Salem 0 600
WSWL0000067035 Penns Grove Water Supply Co. Salem 79 450
WSWL0000067056 NJ American Water Co. Gloucester 219 700
WSWL0000067059 Pennsville Township Water Dept. Salem 119 700
WSWL0000067065 Penns Grove Water Supply Co. Salem 62 250
WSWL0000067068 Penns Grove Water Supply Co. Gloucester 104 270
WSWL0000067075 Penns Grove Water Supply Co. Salem 96 300
WSWL0000067102 Pennsville Township Water Dept. Salem 106 700
WSWL0000067105 NJ American Water Co. Gloucester 166 0
WSWL0000067119 Harrisonville Mobile Home Park Gloucester 151 48
WSWL0000067142 Penns Grove Water Supply Co. Salem 87 250
WSWL0000067145 Swedesboro Water Dept. Gloucester 322 500
WSWL0000067147 South Jersey Water Supply Co. Gloucester 398 500
WSWL0000067153 NJ American Water Co. Gloucester 106 0
WSWL0000067154 Woodstown Water Dept. Salem 151 400
WSWL0000067168 Auburn Village Water Supply Salem 0 0
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Table 2.3-10 (Sheet 2 of 11)
Summary of Public Water Supply Wells within a 25-Mile Radius of the PSEG Site®

2.3-71

Well Identification Owner County Dl:gtal(a) Pu(r;gnl?)ate
New Jersey, cont.
WSWL0000067201 Woodstown Water Dept. Salem 1143.8 550
WSWL0000067202 Consumers NJ Water Co. Gloucester 240 0
WSWL0000067203 Consumers NJ Water Co. Gloucester 235 0
WSWL0000067213 South Jersey Water Supply Co. Gloucester 256 1200
WSWL0000067214 Salem Water Dept. Salem 171 250
WSWL0000067340 Elmer Borough Water Dept. Salem 573 400
WSWL0000067516 Picnic Grove Mobile Homes Salem 0 47
WSWL0000067529 Harding Woods Mobile Home Park Salem 0 180
WSWL0000067530 Harding Woods Mobile Home Park Salem 0 175
WSWL0000067634 Elmer Borough Water Dept. Salem 520 400
WSWL0000081691 Christy Enterprises Gloucester 310 12
WSWL0000065052 Fairton Trailer Park Cumberland 60 45
WSWL0000066928 Pennsville Township Water Dept. Salem 242 400
WSWL0000066988 Penns Grove Water Supply Co. Salem 84 500
WSWL0000067001 Auburn Village Water Supply Salem 270 100
WSWL0000067007 Swedesboro Water Dept. Gloucester 343 600
WSWL0000067021 NJ American Water Co. Gloucester 0 120
WSWL0000067022 NJ American Water Co. Gloucester 229 700
WSWL0000067545 Harrisonville Mobile Home Park Gloucester 247 70
WSWL0000067579 Picnic Grove Mobile Homes Salem 0 47
WSWL0000068642 Fairton Trailer Park Cumberland 59 20
WSWL0000068645 Bridgeton Water Dept. Cumberland 107 200
WSWL0000068652 Bridgeton Water Dept. Cumberland 126 500
Rev. 1
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Table 2.3-10 (Sheet 3 of 11)

2.3-72

Well Identification Owner County D;I;;:zl‘a) Pu(r;gnlf)ate
New Jersey, cont.
WSWL0000068666 Bridgeton Water Dept. Cumberland 136 500
WSWL0000068673 Bridgeton Water Dept. Cumberland 120 500
WSWL0000068684 Bridgeton Water Dept. Cumberland 152 800
WSWL0000068685 Bridgeton Water Dept. Cumberland 114 350
WSWL0000068686 Bridgeton Water Dept. Cumberland 193 350
WSWL0000068699 Leisure Arms Complex Salem 0 25
WSWL0000068700 Leisure Arms Complex Salem 0 25
WSWL0000068717 Tips Trailer Park & Sales Cumberland 70 60
WSWL0000068767 Tips Trailer Park & Sales Cumberland 0 40
WSWL0000068795 Upper Deerfield Township Water Dept. Cumberland 186 0
WSWL0000068800 Bridgeton Water Dept. Cumberland 110 0
WSWL0000068807 Bridgeton Water Dept. Cumberland 126 0
WSWL0000068809 Upper Deerfield Township Water Dept. Cumberland 196 0
WSWL0000068837 Seabrook Water Co. Cumberland 185 800
WSWL0000068881 Fairton Trailer Park Cumberland 52 45
WSWL0000069155 U.S. Dept of Justice/Federal Bureau of Prisons Cumberland 130 250
WSWL0000069166 U.S. Dept of Justice/Federal Bureau of Prisons Cumberland 120 250
WSWL0000069176 Millville Water Dept. Cumberland 153 700
WSWL0000069083 Holly Tree Acres Salem 0 30
WSWL0000069105 Holly Tree Acres Salem 137 30
WSWL0000069106 Holly Tree Acres Salem 137 30
WSWL0000070413 Swedesboro Water Dept. Gloucester 0 400
WSWL0000070414 Woodstown Water Dept. Salem 0 425
WSWL0000070417 Pennsville Township Water Dept. Salem 248 250
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New Jersey, cont.
WSWL0000070418 Salem Water Dept. Salem 157 500
WSWL0000070420 South Jersey Water Supply Co. Gloucester 285 120
WSWL0000070435 Penns Grove Water Supply Co. Salem 392 275
WSWL0000070444 Laux Lakeview Mobile Home Park Inc. Gloucester 0 100
WSWL0000070445 Laux Lakeview Mobile Home Park Inc. Gloucester 0 100
WSWL0000070446 Laux Lakeview Mobile Home Park Inc. Gloucester 0 65
WSWL0000070447 Laux Lakeview Mobile Home Park Inc. Gloucester 0 100
WSWL0000070835 Bridgeton Water Dept. Cumberland 93 525
WSWL0000070838 Seabrook Water Co. Cumberland 0 600
WSWL0000070839 Seabrook Water Co. Cumberland 0 600
WSWL0000070888 Tips Trailer Park & Sales Cumberland 0 0
WSWL0000070889 Tips Trailer Park & Sales Cumberland 0 40
WSWL0000078126 Consumers NJ Water Co. Gloucester 0 350
WSWL0000078127 Consumers NJ Water Co. Gloucester 0 350
WSWL0000091158 South Jersey Water Supply Co. Gloucester 270 1200
WSWL0000138942 Bridgeton Water Dept. Cumberland 94 0
WSWL0000138947 Bridgeton Water Dept. Cumberland 400 500
WSWL0000138948 Bridgeton Water Dept. Cumberland 0 500
WSWL0000138949 Salem Water Dept. Salem 165 324
WSWL0000138950 Bridgeton Water Dept. Cumberland 405 500
WSWL0000139268 Bridgeton Water Dept. Cumberland 108 0
WSWL0000139269 Bridgeton Water Dept. Cumberland 92 0
WSWL0000176817 Pennsville Township Water Dept. Salem 153 0
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New Jersey, cont.
WSWL0000176818 Pennsville Township Water Dept. Salem 269 0
WSWL0000190792 NJ American Water Co. Gloucester 105 700
WSWL0000191667 Hopewell Place Senior Apartments Cumberland 82 75
WSWL0000191528 Holly Tree Acres Salem 0 20
WSWL0000191530 Fairton Trailer Park Cumberland 60 0
WSWL0000191565 Picnic Grove Mobile Homes Salem 0 24
WSWL0000191567 Country Club Estates Mobile Home Salem 0 50
WSWL0000191568 Harrison Mobile Park Salem 93 25
WSWL0000191573 Harrison Mobile Park Salem 0 25
WSWL0000191681 Handy's Mobile Park Salem 187 30
WSWL0000191682 Harding Woods Mobile Home Park Salem 105 200
WSWL0000215097 Seabrook Water Co. Cumberland 335 30
WSWL0000215958 Pennsville Township Water Dept. Salem 0 500
WSWL0000293710 Country Club Estates Mobile Home Salem 0 15
WSWL0000454591 Rainbow Convalescent Center Salem 88 30
WSWL0000475741 Rainbow Convalescent Center Salem 90 30
WSWL0000708077 J & J Community Park Cumberland 563 20
WSWL0000824635 Pennsville Township Water Dept. Salem 0 500
WSWL0000831109 Woodstown Water Dept. Salem 155 200
WSWL0000842061 Penns Grove Water Supply Co. Salem 0 275
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Delaware
84445 St. Georges C & D Canal East 142 10
168612 DelDOT Dragon Run Creek 59 10
69050 Hollingsworth, Diamond State Dragon Run Creek 250 10
69051 Petroleum, Eastern Dragon Run Creek 160 10
69052 Stapleford, Charles Sr. Dragon Run Creek 302 10
90632 Parkway Gravel Inc. C & D Canal East 160 30
171554 Edwards, Richard Red Lion Creek 85 10
177079 71 Holding Company C & D Canal East 275 15
65280 Madic Inc., Michael C & D Canal East 76 20
63015 Thirty Three, Forty Limited C & D Canal East 37 10
80752 Motiva Enterprises LLC Red Lion Creek 45 10
77305 St Georges Association Dragon Run Creek 275 20
94029 DelDOT Dragon Run Creek 64 20
79910 Blaschko, John W. Red Lion Creek 50 10
90632 Parkway Gravel Inc. C & D Canal East 160 30
91916 Parkway Gravel C & D Canal East 200 30
96341 Blaschko, John W. Red Lion Creek 35 10
102661 Buttocoula, Louis Appoquinimink River 152 10
192969 Whiteman, Marty Appoquinimink River 125 10
102872 Genes Body Shop Appoquinimink River 39 10
103777 New Castle County Appoquinimink River 190 60
105016 Hearne, William A. Appoquinimink River 200 0
107232 Whiteman, Mike Appoquinimink River 100 50
Rev. 1
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Delaware, cont.
105151 Zoar Methodist Church Appoquinimink River 201 20
154043 Glorious Church of God Blackbird Creek 140 20
158489 Frog Hollow LLC Appoquinimink River 162 30
161541 Artesian Water Company Inc. Appoquinimink River 118 20
167920 McKeown, Robert Appoquinimink River 157 10
185045 Stanley Builders Appoquinimink River 184 10
190088 Delaware Solid Waste Authority Blackbird Creek 132 20
204315 Averill, Ron Blackbird Creek 70 10
202974 New Castle County Appoquinimink River 121 20
36214 Wyoming Block Co. Blackbird Creek 157 60
50682 Tappahanna Blackbird Creek 30 5
62905 Mummford & Miller, Concrete Appoquinimink River 200 20
72425 Salvage, Fred D. Blackbird Creek 150 20
74671 Calotex, Delaware Inc. Blackbird Creek 120 10
77049 Middletown Seventh-Day Adventist Appoquinimink River 95 20
77648 Mumford & Mille Appoquinimink River 90 10
83331 Harvey & Harvey Blackbird Creek 130 20
91490 DEL DOT Div of Highways Appoquinimink River 118 10
43962 Kirkwood Soccer Club Army Creek 215 900
43963 Artesian Water Company Inc. Army Creek 225 300
101760 Artesian Water Company Inc. Army Creek 170 700
103480 Crab Rib C & D Canal East 105 10
106649 United Water Delaware Dragon Run Creek 295 25
Rev. 1
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Delaware, cont.
194042 Parkway Gravel Red Lion Creek 152 25
194043 Parkway Gravel Red Lion Creek 187 25
194044 Parkway Gravel Red Lion Creek 402 25
36504 City of Delaware City Dragon Run Creek 720 300
62314 Chesapeake, Canal Partners C & D Canal East 280 10
83253 Colonial School Dragon Run Creek 350 30
88603 Mullins, William F. C & D Canal East 80 20
80405 Shopping Center (undesignated) Dragon Run Creek 120 20
78555 Carroll, Chester Dragon Run Creek 250 20
80167 Colonial School, Dragon Run Creek 700 0
10429 State of DE DAS/DFM C & D Canal East 190 100
90048 Crab Rib C & D Canal East 120 20
99719 U.S. Postal Service Army Creek 208 10
1) Gunning Bedford Dragon Run Creek 341 0
169693 Diamond State Realty Co. C & D Canal East 125 20
89283 Farm Land Holdings LLC C & D Canal East 125 30
89284 Farm Land Holdings LLC C & D Canal East 135 30
89285 Farm Land Holdings LLC C & D Canal East 130 30
101153 Stanley Builders C & D Canal East 505 300
102151 Artesian Water Company Inc C & D Canal East 400 400
102224 Hickey, John & Amy C & D Canal East 135 10
104063 U.S. Army Corps of Engineers C & D Canal East 268 20
105156 Artesian Water Company Inc. C & D Canal East 495 100
Rev. 1
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Delaware, cont.
105157 Davis, Leola B. C & D Canal East 792 0
156288 Artesian Water Company Inc. C & D Canal East 625 50
162618 Artesian Water Company Inc. C & D Canal East 152 0
199537 Tidewater Utilities C & D Canal East 170 0
41871 Lester, Earl C & D Canal East 80 30
39786 Mazik, Ken Dragon Run Creek 289 20
53347 Buckson, Newlin C & D Canal East 37 10
43368 Reybold Homes Dragon Run Creek 240 80
68944 Tidewater Utilities, Inc. C & D Canal East 80 0
68945 Norfolk Southern Railroad C & D Canal East 230 75
59152 Walker, Guy C & D Canal East 165 20
54126 Mt. Pleasant Trailer Park C & D Canal East 45 25
75180 Common Wealth C & D Canal East 115 10
78973 Tidewater Ultilities, Inc. C & D Canal East 160 160
99469 Artesian Water Company Inc. C & D Canal East 534 580
82242 Tidewater Utilities, Inc. C & D Canal East 80 160
82244 Tidewater Utilities, Inc. C & D Canal East 95 160
74785 Gentlemens Farmers Rest Inc. C & D Canal East 103 150
84135 Tidewater Ultilities, Inc. C & D Canal East 120 0
10757 Commodore Macdo Dragon Run Creek 35 0
1202 DNREC-Fish & Wildlife C & D Canal East 105 0
98112 Artesian Water Company C & D Canal East 300 0
93214 New Group Investments Appoquinimink River 160 30
Rev. 1
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Delaware, cont.
99806 Artesian Water Company Inc. Appoquinimink River 740 800
102217 Gilchrist, Robert A. Appoquinimink River 200 80
109874 Artesian Water Company Inc. Appoquinimink River 435 0
110612 Artesian Water Company Inc. Appoquinimink River 330 200
108202 Artesian Water Company Inc. Appoquinimink River 450 300
111065 Artesian Water Company Inc. Appoquinimink River 740 300
111968 Artesian Water Company Inc. Appoquinimink River 238 0
168004 Conoco, Inc. Appoquinimink River 220 15
178412 St Andrews School of DE, Inc. Appoquinimink River 389 15
188292 Artesian Water Company Inc. Appoquinimink River 983 550
179292 Tidewater Utilities, Inc. Appoquinimink River 180 90
185186 Artesian Water Company Inc. Appoquinimink River 300 250
185232 Tidewater Utilities, Inc. Appoquinimink River 230 75
196919 Artesian Water Company Inc. Blackbird Creek 300 250
39676 Town of Middletown Appoquinimink River 846 250
37195 New Castle County Appoquinimink River 70 25
58805 Pre Holding Hampstead LLC Appoquinimink River 201 35
53259 Bailey, James Blackbird Creek 310 20
72100 Justice of the Peace Appoquinimink River 118 10
89852 Reed, Charolet Appoquinimink River 170 40
70172 Howard Cohen, Middletown Appoquinimink River 165 25
82787 Diamond Appoquinimink River 201 20
10454 Wicks, Christopher Appoquinimink River 375 250
Rev. 1
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Delaware, cont.
10745 Cantwell Water Appoquinimink River 228 0
10746 Cantwell Water Appoquinimink River 168 0
10765 Children Castle Appoquinimink River 150 0
10766 St Andrews School of DE, Inc Appoquinimink River 650 0
10767 St Andrews School of DE, Inc Appoquinimink River 181 0
10772 Delaware State Appoquinimink River 206 0
71254 Tidewater Utilities, Inc. Appoquinimink River 163 250
96299 Tidewater Utilities, Inc. C & D Canal East 160 150
96300 Tidewater Ultilities, Inc. C & D Canal East 170 150
98363 Fas Mart Blackbird Creek 160 10
30021 Camp Ground Inco, Delmarva Blackbird Creek 165 0
30022 Williams Assoc. Blackbird Creek 178 0
97960 Tidewater Utilities, Inc. Appoquinimink River 220 80
33392 Hampson, Leonora Appoquinimink River 200 50
84852 Reed, Charolet Appoquinimink River 160 40
585 South Market Appoquinimink River 200 0
30148 Townsend Blackbird Creek 206 150
10099 City of Delaware City Dragon Run Creek 235 100
58900 Odessa Motel, Larry Cox Appoquinimink River 201 20

a) Depths provided in feet below ground surface.
b) Permit number presented as in the DE DNR database, however, the number is likely an error.
c¢) Public water supply wells within DE and NJ not inclusive of wells that are mapped in wellhead protection areas. Wellhead protection areas

in DE and NJ are shown on

References 2.3-39 and 2.3-25

Figure 2.3-20.
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ID Program Interest Name Number® Activity type Description Start Date Date
Gloucester County, NJ
2029P Air Products & Chemicals Inc. WAP980001 Water Allocation Permit - Renewal 6/23/1999 12/31/2010
5383 Aqua New Jersey Inc. (Woolwich)  WAP050002 Water Allocation Permit - Minor 1/1/2006 12/31/2010
Modification
2272P Beckett Golf Club Inc. WAP990001 Water Allocation Permit - Renewal 10/30/2002 12/31/2010
2401P BP Terminal No. 4555 WAPQO70001 Water Allocation Permit - Renewal 12/1/2008 11/30/2018
2530P Bridgeport Disposal LLC WAP050001 Water Allocation Permit - Minor 6/1/2005 4/30/2014
Modification
2495E Chemical Leaman Tanklines EQP080001  Water Allocation Permit Equivalency - 10/1/2008 9/30/2018
Renewal
5244 Clayton Borough Water Dept. WAPO040001 Water Allocation Permit - Modification 4/1/2005 3/31/2015
2014P Colonial Estates WAPQO80001 Water Allocation Permit - Renewal 11/1/2008 10/31/2018
5336 Deptford Township Municipal WAPQO70001  Water Allocation Permit - Administrative 5/1/2007 12/31/2010
Utilities Authority Modification
5142 East Greenwich Township WAP060001 Water Allocation Permit - Renewal 1/1/2007 12/31/2016
2251P E.l. Dupont Denemours & WAP040002 Water Allocation Permit - Renewal 9/1/2005 8/31/2015
Company Inc. Repauno Plant
2099P Ferro Corp WAPO70001 Water Allocation Permit - Minor 5/9/2007 7/31/2014
Modification
5135 Glassboro Borough Water Dept. WAP080001 Water Allocation Permit - Renewal 11/1/2008 10/31/2018
2280P Gloucester County Pitman Golf WAPO030001 Water Allocation Permit - Renewal 10/1/2004 12/31/2013
Course
2423P Grasso Foods Inc. WAP990001  Water Allocation Permit - Renewal 6/30/2000 12/31/2010
Rev. 1
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Gloucester County, NJ, cont.

5253 Greenwich Township Water Dept.  WAPO0000O1  Water Allocation Permit - Renewal 10/19/2001 12/31/2010

2469E Helen Kramer Landfill Superfund EQPO080001  Water Allocation Permit Equivalency - 10/1/2008 9/30/2018
Site Renewal

2227P Hercules Groundwater Treatment ~ WAPOQ070002 Water Allocation Permit - Minor 1/1/2008 4/30/2012

Modification
2391P Inversand Co. WAP960001 Water Allocation Permit - Renewal 1/20/1998 12/31/2010
4059PS  Logan Generating Company LP WAPO050001 Water Allocation Permit - Renewal 11/1/2006 10/31/2016

5314 Mantua Township Municipal WAP080001 Water Allocation Permit - Minor 9/1/2008 6/30/2012
Utilities Authority Modification

2291P Maple Ridge Golf Course WAPO010001  Water Allocation Permit - Renewal 10/24/2002 12/31/2011

5161 Monroe Township Municipal WAP050001 Water Allocation Permit - Modification 6/1/2007 5/31/2017
Utilities Authority

5153 National Park Borough Water WAPOQO70001  Water Allocation Permit - Renewal 4/1/2008 3/31/2018
Dept.

5147 Newfield Borough Water Dept. WAPQ30001 Water Allocation Permit - Renewal 8/1/2004 6/30/2014

5375 NJ American Water - Bridgeport WAPO070001 Water Allocation Permit - Modification 8/1/2008 7/31/2018

5183 NJ American Water - Harrison WAPQ70002 Water Allocation Permit - Hearing 4/1/2008 7/31/2017

Appeal Modification

5003 NJ American Water Logan WAP030001 Water Allocation Permit - Renewal 3/1/2004 12/31/2013

System
Rev. 1
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Gloucester County, NJ, cont.
2425P Nustar Asphalt Refining LLC WAPO040001  Water Allocation Permit - Minor 9/1/2005 10/31/2012
Modification
5130 Paulsboro Water Dept. WAPO70001 Water Allocation Permit - Renewal 10/1/2007 9/30/2017
5137 Pitman Borough Water Dept. WAPO000001  Water Allocation Permit - Renewal 10/30/2002 2/28/2011
2215P Preferred Real Estate WAPO060001  Water Allocation Permit - Renewal 4/1/2007 3/31/2012
Investments
2336P RE Pierson Materials Corp. WAPO020001  Water Allocation Permit - Renewal 9/1/2003 2/28/2013
4073PS  River Winds at West Deptford WAP990001 Water Allocation Permit - New 4/17/2003 11/30/2012
2543P Sahara Sand ff Franklin Inc. WAP020001 Water Allocation Permit - New 3/26/2003 11/30/2012
2234P Solvay Solexis Inc. WAP080001 Water Allocation Permit - Modification 4/1/2009 3/31/2019
2205P Sunoco Inc. (R&M) Eagle Point WAPO060001  Water Allocation Permit - Administrative 10/1/2006 6/30/2015
Facility Modification
5105 Swedesboro Water Dept. WAP010001  Water Allocation Permit - Renewal 11/26/2001 10/31/2011
2424E USEPA Lipari Landfill Superfund EQP910001  Water Allocation Permit Equivalency - 12/2/1991
Site New
2204P Valero Refining Co. - NJ WAPQ070002 Water Allocation Permit - Renewal 7/1/2008 6/30/2018
1281D Valero Refining Co. NJ DWP080001 Temporary Dewatering Permit - New 6/1/2009 7/31/2012
2177P Violet Packing LLC WAP980001 Water Allocation Permit - Renewal 12/30/1999  12/31/2010
5194 Washington Township Municipal WAPO060001  Water Allocation Permit - Modification 2/1/2008 1/31/2018
Utilities Association
5192 Wenonah Borough Water Dept. WAP010001 Water Allocation Permit - Renewal 9/11/2002 1/31/2011
Rev. 1
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Gloucester County, NJ, cont.
5304 West Deptford Township - Public WAP050001 Water Allocation Permit - Renewal 11/1/2006 10/31/2016
Works
5319 Westville Borough Water Dept. WAPOO00001  Water Allocation Permit - Renewal 1/31/2003 12/31/2010
2257P Westwood Golf Club WAPQ060001  Water Allocation Permit - Renewal 5/1/2007 4/30/2017
2365P Wheelabrator Gloucester Co. LP WAP980001  Water Allocation Permit - Renewal 12/30/1999 12/31/2010
5347X Woodbury City Water Dept WAPO030001 Water Allocation Permit - Renewal 9/1/2004 8/31/2012
5347X Woodbury City Water Dept WAP990001  Water Allocation Permit - Modification 9/1/2004 8/31/2012
5159 Woodbury Heights Borough WAP060001  Water Allocation Permit - Renewal 4/1/2007 3/31/2017
Water Utility
Salem County, NJ
2413P B & B Poultry Co. Inc. WAPQ060001  Water Allocation Permit - Renewal 12/1/2007 11/30/2017
2104P Deepwater Generating Station WAP980001 Water Allocation Permit - Renewal 3/20/2001 12/31/2010
2122P Dupont Chambers Works WAPO070002 Water Allocation Permit - Minor 11/1/2007 5/31/2012
Modification
5215 Elmer Borough Water Dept. WAP990001 Water Allocation Permit - Renewal 12/1/2003 11/30/2013
5170 Harding Woods Mobile Home WAP040001 Water Allocation Permit - Administrative 7/29/1999 2/28/2009
Park Modification
5328 NJ American Water - Pennsgrove ~ WAPQ070002 Water Allocation Permit - Minor 6/1/2007 7/31/2016
Modification
2421P Pedricktown Cogeneration WAPQO70001  Water Allocation Permit - Renewal 7/1/2008 6/30/2018
Company
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Salem County, NJ, cont.
5047 Pennsville Township Water Dept. WAP020001 Water Allocation Permit - Modification 10/1/2005 9/30/2015
2166P Polyone Corp. WAPO80001  Water Allocation Permit - Minor 12/1/2008 12/30/2014
Modification
2216P Salem and Hope Creek WAP040001 Water Allocation Permit - Minor 1/1/2005 1/31/2010
Generating Station Modification
5290 Salem City Water Dept. WAP020001 Water Allocation Permit - Modification 5/1/2005 3/31/2015
2528P Town & Country Golf Links WAPO010001  Water Allocation Permit - New 1/1/2006 12/31/2015
2497P Wild Oaks Country Club WAPQ050001 Water Allocation Permit - Renewal 5/1/2007 4/30/2012
5167 Woodstown Borough Water Dept.  WAPQ070001  Water Allocation Permit - Modification 6/1/2009 5/31/2019
Cumberland County, NJ
2095P Alcan Packaging Inc. WAPQ70001  Water Allocation Permit - Minor 8/1/2008 6/30/2012
Modification
2010P Atlantic Coast Freezers WAPO080001 Water Allocation Permit - Renewal 10/1/2008 9/30/2018
5398 Berrymans Branch Mobile Home WAPQO70001  Water Allocation Permit - New 7/1/2008 6/30/2018
Park
5032 Bridgeton City Water Dept. WAP980001 Water Allocation Permit - Modification 8/1/2003 1/31/2013
2448P Cape May Foods LLC doing WAP020001 Water Allocation Permit - Renewal 11/1/2003 9/30/2012
business as Lamonica Fine Foods
Rev. 1
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Cumberland County, NJ, cont.
2220P Clement Pappas Co. Inc. WAP010001 Water Allocation Permit - Renewal 9/27/2002 1/31/2011
5364 Fairton Federal Correctional WAP970001  Water Allocation Permit - Renewal 12/23/1997 12/31/2010
Institute
5399 Fairview Manor Mobile Home WAPO070001 Water Allocation Permit - New 5/1/2008 4/30/2018
Park
2552P Gerresheimer Glass Inc. WAPO030001 Water Allocation Permit - Minor 8/12/2004 7/31/2014
Modification
2254P Hanson Aggregates WAP990001  Water Allocation Permit - Modification 3/26/2003 12/31/2012
2098P Kimble Glass Inc. WAP980001 Water Allocation Permit - Renewal 6/14/2002 12/31/2010
2436P Mays Landing Sand & Gravel Co. =~ WAP070001 Water Allocation Permit - Renewal 3/1/2008 2/28/2018
Dorchester Plant
5316 Millville City Water Dept. WAP980001 Water Allocation Permit - Renewal 9/10/2002 6/30/2011
2467E Nascolite (Potentially Responsible EQP950001  Water Allocation Permit Equivalency - 3/24/1995
Parties) Group New
5367 NJ State Prison Bayside WAP980001 Water Allocation Permit - Modification 2/21/2002 3/31/2010
2443P Purex Industries WAP010001  Water Allocation Permit - Renewal 10/30/2002 10/31/2011
2030P Ricci Brothers Sand Co. WAPQO70001 Water Allocation Permit - Minor 5/1/2007 5/31/2016
Modification
2221P Seabrook Farms WAPO050001 Water Allocation Permit - Renewal 4/1/2006 3/31/2016
2237P Shieldalloy Metallurgical Corp. WAPO060001 Water Allocation Permit - Renewal 8/1/2007 7/31/2017
2440P South State Inc. WAP980001 Water Allocation Permit - Renewal 12/29/1998 12/31/2010
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Cumberland County, NJ, cont.
2219P Unimin Corp WAP050002 Water Allocation Permit - Renewal 7/1/2006 6/30/2016
5376 Upper Deerfield Township WAPO70001 Water Allocation Permit - Modification 4/1/2008 3/31/2018
2485E USEPA Region Il Vineland EQPO070002 Water Allocation Permit Equivalency - 8/1/2008 7/31/2018
Chemical Co. Superfund Modification
2003P US Silica Co WAP040001 Water Allocation Permit - Modification 4/1/2005 3/31/2015
2282P US Silica Co. Port Elizabeth Plant WAPO080001 Water Allocation Permit - Renewal 7/1/2008 6/30/2018
5148 Vineland City Water Utility WAPO060001  Water Allocation Permit - Modification 8/1/2007 7/31/2017
2405P Vineland Kosher Poultry Co. WAPO040001  Water Allocation Permit - Minor 5/1/2004 12/31/2010
Modification
2026P Whibco Inc. WAP970001 Water Allocation Permit - Renewal 6/30/1997 5/31/2008
Delaware
53066 Star Enterprises NA Dragon Run Creek 2/1/1983 10/24/1983
53066 Star Enterprises NA Dragon Run Creek 2/1/1983 10/24/1983
216229 Highland View LLC NA Dragon Run Creek 10/3/2006 3/2/2007
216229 Highland View LLC NA Dragon Run Creek 10/3/2006 3/2/2007
10059 Motiva Enterprises LLC NA Dragon Run Creek 1/1/1956 1/1/1956
10059 Motiva Enterprises LLC NA Dragon Run Creek 1/1/1956 1/1/1956
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Effective  Expiration
Start Date Date

Prol%r am Program Interest Name Nﬁ?‘:';;xa) Activity type Description
Delaware, cont.

43962 Kirkwood Soccer Club NA Army Creek

163874 Motiva Enterprises LLC NA Dragon Run Creek

163874 Motiva Enterprises LLC NA Dragon Run Creek

7/23/1979 9/17/1979
2/19/1999 9/16/1999
2/19/1999 9/16/1999

a) NA — “Activity numbers” are not a Delaware Department of Natural Resources database field

b) Public water supply wells within DE and NJ. Summary includes permitted groundwater use of greater than 100,000 gallons per day.

References 2.3-25 and 2.3-39
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Table 2.3-12
Observation Well Installation Details
. . Screen Refer_ence
Well ID :‘12'52'3'}8 ,f:gtég ) Interval Ele?r:;?c: n‘@ Formation
(ft.bgs) & NAVD 88)
New Plant Location
NOW-1U 234542.7 198443.4 46-56 15.20 Alluvium
NOW-1L 234564.0 198449.8 80-90 15.19 Vincentown
NOW-2U 235207.4 197754.9 52-62 10.80 Alluvium
NOW-2L 235227.7 197752.8 103-113 11.18 Vincentown
NOW-3U 234552.8 197885.2 40-50 7.71 Alluvium
NOW-3L 234565.5 197897.9 90-100 7.66 Vincentown
NOW-4UB 233963.0 1981471 42-52 13.56 Alluvium
NOW-4L 233972.7 198147.9 73-83 14.08 Vincentown
NOW-5U 234907.5 198444.5 20-30 10.23 Hydraulic Deposits
NOW-5L 234927.5 198438.4 90-100 10.54 Vincentown
NOW-6U 235269.4 198313.5 35-45 8.59 Alluvium
NOW-6L 235287.9 198312.8 80-90 7.95 Vincentown
NOW-7U 234975.8 199694.3 48-58 8.25 Alluvium /
Vincentown
Boundary

NOW-7L 234973.4 199675.9 85-95 8.70 Vincentown
NOW-8U 234141.6 199755.9 37-47 11.68 Alluvium
NOW-8L 234139.1 199736.2 100-110 11.61 Vincentown
Eastern Location
EOW-1U 232321.6 202758.0 38-48 18.01 Alluvium
EOW-1L 232297.6 202758.1 95-105 17.91 Vincentown
EOW-2U 233274.6 202157.9 39-49 16.51 Alluvium
EOW-2L 233271.5 202177.7 99-109 16.73 Vincentown
EOW-4U 231791.9 202012.1 22-32 22.73 Hydraulic Deposits
EOW-4L 231772.9 202021.2 110.2-120.2 22.31 Vincentown
EOW-5U 233056.8 203007.3 35-45 15.85 Alluvium
EOW-5L 233039.7 203021.5 110-120 16.17 Vincentown
EOW-6U 232587.1 203281.4 47-57 15.99 Alluvium
EOW-6L 232588.1 203300.7 90-100 15.23 Vincentown
EOW-8U 231144 .2 203520.4 30-40 18.38 Alluvium
EOW-8L 231163.5 203516.0 67-77 17.89 Vincentown
EOW-9U 230917.2 202826.0 50-60 20.67 Alluvium
EOW-9L 230925.6 202844.6 117.5-127.5 18.21 Vincentown
EOW-10U 231687.2 203521.3 17-27 14.79 Alluvium
EOW-10L 231706.7 203521.9 85-95 14.27 Vincentown

ft. bgs = feet below ground surface, determined from well installation records

a) Reference point elevation includes any modifications made to well riser

b) NJ State Plane Coordinate System; U.S. Survey Feet

Rev. 1
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Table 2.3-14
Groundwater Elevation Data Range (in Feet NAVD 88) for HCGS and SGS Groundwater Wells, 2000 — 2009
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
M 3.08 3.68 4.08 3.28 3.48 13.78 3.58 3.56 3.88 3.78
ount
Laurel/Wenonah® to to to to to to to to to to
-3.12 -1.12 0.16 0.86 -7.82 0.68 1.08 0.96 1.58 1.36
2.36 2.26 2.96 2.66 2.96 10.06 2.66 3.56 2.76 3.26
Salem Well (PW-2) to To to to to to to to to to
-1.64 -0.14 0.16 0.86 -0.14 1.36 .56 0.96 1.66 1.36
3.08 3.68 3.48 3.28 3.48 13.78 3.58 2.98 3.88 3.78
Salem Well (PW-3) to to to to to to to to to to
-3.12 -1.12 0.28 0.88 -7.82 0.68 1.08 0.98 1.58 1.48
-35.85 -42.45 -42.45 -40.45 -41.55 -35.75 -44.75 -45.35 -45.35 -43.65
Middle Raritan® to to to to to to to to to to
-64.75 -54.15 45.15 -45.65 -52.65 -45.45 -46.25 -48.35 -51.35 -48.75
-35.85 -42.45 -42.45 -40.45 -41.55 -35.75 -44.75 -45.85 -45.35 -43.65
Salem Well (PW-6) to to to to to to to To to to
-64.75 -54.15 -45.15 -45.65 -52.65 -45.45 -46.25 -48.35 -51.35 -48.75
-28.93 -41.53 -54.33 -55.73 -57.94 -60.94 -53.94 -55.94 -53.93 -57.73
Upper Raritan® to to to to to to to to to to
-68.35 -72.13 -74.94 -74.35 -84.35 -86.35 -81.35 -83.35 -88.35 -83.94
-28.93 -41.53 -54.33 -55.73 -58.23 -64.33 -59.33 -63.03 -54.63 -57.73
Salem Well (PW-5) to to to to to to to to to to
-67.73 -72.13 -66.23 -70.73 -78.13 -80.73 -75.33 -79.63 -74.33 -71.03
H -59.94 -58.94 -57.94 -60.94 -57.94 -60.94 -53.94 -55.94 -53.94 -60.94
ope Creek Well t t t t t t t ¢ t t
(HC-1) (o (o (o (o (o (o (o (o o (o
-67.94 -65.94 -74.94 -71.94 -83.94 -74.94 -73.94 -65.94 -71.94 -83.94
H -61.35 -60.35 -58.35 -61.35 -69.35 -73.35 -69.35 -70.35 -63.35 -60.35
ope Creek Well t t t ¢ t t t t i t
(HC-2) (o) (o) (o} (o} (o} (o} (o} (o (o (o}
-68.35 -70.35 -74.35 -74.35 -84.35 -86.35 -81.35 -83.35 -88.35 -75.45

a) The aquifer range includes data from all production wells monitored in that aquifer. Individual well ranges are provided directly below the summary line.

Reference 2.3-48

Rev. 1
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Table 2.3-15
Summary of Horizontal Hydraulic Gradients
Maximum Average Gradients From Average
Hydraulic 9 Potentiometric

Gradients (ft/ft)

Gradient (ft/ft) Surface®® (ft/ft)

New Plant Location — Alluvium

Measured 0.00235 0.00042 0.00050
Fixed Locations® 0.00139 0.00066 0.00050
New Plant Location — Vincentown

Measured 0.00200 0.00048 0.00062
Fixed Locations® 0.00293 0.00069 0.00088
Eastern Location — Alluvium

Measured 0.00407 0.00188 0.00092
Fixed Locations® 0.00099 0.00045 0.00045
Eastern Location — Vincentown

Measured 0.00167 0.00024 0.00019
Fixed Locations® 0.00025 0.00004 0.00004
Notes:

a) Gradients from Average Potentiometric Surface are calculated from the contours generated from the average
groundwater elevations considering data collected from January 2009 through December 2009.

b) Gradients calculated from the fixed locations: gradients are calculated from the head difference between
NOW-1U/L and NOW-3U/L for the new plant location and between EOW 1U/L and EOW 9L/U for the eastern
location.

Rev. 1
2.3-92
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Table 2.3-16 (Sheet 1 of 2)
Summary of Vertical Hydraulic Gradients

Screen Refer_ence Average Centar Polnt Distance = Average Vertical
Well ID Interval Point Obs?f"’fd . Groundwater of Well (ft. NAVD Gradient
(ft. bgs) Elevation Aquifer/Aquitard Elevation Screen 88) (ft.) |
(ft. NAVD 88) (ft. NAVD 88) (ft. bgs)
New Plant Location
NOW-1U 46-56 15.20 Alluvium 0.92 51
NOW-1L 80-90 15.19 Vincentown 1.06 85 34 -0.00412
NOW-2U 52-62 10.80 Alluvium 0.59 57
NOW-2L 103-113 11.18 Vincentown 0.81 108 51 -0.00431
NOW-3U 40-50 7.71 Alluvium 0.51 45
NOW-3L 90-100 7.66 Vincentown 0.57 95 50 -0.00120
NOW-4UB 42-52 13.56 Alluvium 0.77 47
NOW-4L 73-83 14.08 Vincentown 0.65 78 31 0.00387
NOW-5U 20-30 10.23 Hydraulic Fill 2.6 25
NOW-5L 90-100 10.54 Vincentown 0.84 95 70 0.02514
NOW-6U 35-45 8.59 Alluvium 0.96 40
NOW-6L 80-90 7.95 Vincentown 0.61 85 4% 0.00778
NOW-7U 48-58 8.25 Upper Vincentown/ 1.0 53
Alluvium 37 0.00162
NOW-7L 85-95 8.70 Vincentown 0.94 90
NOW-8U 37-47 11.68 Alluvium 1.09 42
NOW-8L 100-110 11.61 Vincentown 1.05 105 63 0.00063
Eastern Location
EOW-1U 38-48 18.01 Alluvium 1.45 43
EOW-1L 95-105 17.91 Vincentown 1.2 100 57 0.00439
EOW-2U 39-49 16.51 Alluvium 2.89 44
EOW-2L 99-109 16.73 Vincentown 1.37 104 60 0.02533
EOW-4U 22-32 22.73 Hydraulic Fill 14.56 27 88 015125
EOW-4L 110-120 22.31 Vincentown 1.25 115 )
EOW-5U 35-45 15.85 Alluvium 1.28 40
EOW-5L 110-120 16.17 Vincentown 1.49 105 65 -0.00323
Rev. 1
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Table 2.3-16 (Sheet 2 of 2)
Summary of Vertical Hydraulic Gradients

Screen Refer_ence Average Centar Polnt Distance = Average Vertical
Well ID Interval Point gbs?f"’fg . Groundwater of Well (ft. NAVD Gradient |
(ft. bgs) Elevation quifer/Aquitar Elevation Screen 88) (ft.)
(ft. NAVD 88) (ft. NAVD 88) (ft. bgs)
Eastern Location, cont.
EOW-6U 47-57 15.99 Alluvium 1.36 52
EOW-6L 90-100 15.23 Vincentown 1.17 95 43 0.00442
EOW-8U 30-40 18.38 Alluvium 1.43 35
EOW-8L 67-77 17.89 Vincentown 0.91 72 37 0.01405
EOW-9U 50-60 20.67 Alluvium 0.67 55
EOW-9L 117.5-127.5 18.21 Vincentown 1.14 122.5 67.5 -0.00696
EOW-10U 17-27 14.79 Alluvium 1.67 22
EOW-10L 85-95 14.27 Vincentown 1.2 90 68 0.00691
a) Reference point elevation includes any modifications made to well riser
b) ft. bgs = feet below ground surface, determined from well installation records
b) Negative values indicate an upward vertical hydraulic gradient
Rev. 1
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Table 2.3-17
Summary of Average Hydraulic Conductivities

Average Result

Well Formation
(ft./day)
Shallow
NOW-1U Alluvium 8.0
NOwW-2U Alluvium 8.0
NOW-3U Alluvium 0.3
NOW-4UB Alluvium 0.9
NOW-5U Hydraulic Fill 0.2
NOW-6U Alluvium 3.5
NOW-7U Vincentown 1.4
NOW-8U Alluvium 0.4
Deep
NOW-1L Vincentown 4.5
NOW-2L Vincentown 3.6
NOW-3L Vincentown 1.4
NOW-4L Vincentown 10.7
NOW-5L Vincentown 1.7
NOW-6L Vincentown 6.2
NOW-7L Vincentown 2.4
NOW-8L Vincentown 0.3

2.3-95
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Table 2.3-18
Summary of Tidal Study Results
Measurement Barge
Location Unit Slip NOW-1L NOW-1U NOW-3L NOW-3U
Max High Tide ft. NAVD 88 3.57 1.38 2.03 0.95
Min High Tide ft. NAVD 88 2.36 1.12 Tidal 1.5 0.58
Max Low Tide ft. NAVD 88 -3.52 0.65 influence -0.75 0.41
Min Low Tide ft. NAVD 88 -2.27 0.86 not - -0.18 0.09
. ) observed in
Average Tidal Shift ft. 5.85 0.49 this 2.26 0.56
Average Periodicity hr. 6.9 6.5 observation 7 7.3
well

Average Phase Lag

to Barge Slip min. N/A -66 -19 -62

Rev. 1
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Table 2.3-19
Summary of Surface Water and Shallow Groundwater Elevations at Piezometers

2 2 2 2 2 2 2 s g & 8 S

& & 8 & & & 8 8 & o S S

3 N & N N 2 & e -~ = = =
Location 1D = S S E: o S = % > S = &
AS-01 - inside N/A NM N/A N/A 0.64 N/A NM N/A NM N/A N/A 1.12®
AS-01 - outside N/A NM N/A N/A Dry N/A NM N/A NM N/A N/A -0.43@
AS-02 - inside N/A NM N/A N/A -0.04 N/A 0.20 N/A 0.14 N/A N/A N/A
AS-02 - outside N/A NM N/A N/A 2.52 N/A 1.75 N/A 1.59 N/A N/A N/A
AS-03 - inside N/A NM N/A N/A -1.99 N/A -1.94 N/A 202 N/A N/A N/A
AS-03 - outside N/A NM N/A N/A -0.23 N/A -0.15 N/A 202 N/A N/A N/A
AS-04 - inside Frozen 4.19 4.04 4.49 4.34 4.09 3.55 3.02 373 355 3.88 4.32
AS-04 - outside 4.32 4.18 4.16 4.38 4.30 4.16 3.63 3.12 367 352 3.82 4.37
AS-05 - inside -0.41 0.54 0.17 0.58 -0.23 1.40 1.15 363 163  1.21 1.27 1.46
AS-05 - outside 0.58 -0.09 -0.21 -0.13 -0.29 1.23 0.10 0.25 331 298 0.48 0.97
AS-06 - inside 0.80 0.93 1.14 0.83 0.86 1.74 Dry 0.73 3.09 323 1.95 1.87
AS-06 - outside 1.20 Dry Dry Dry Dry 2.51 1.09 Dry Dry Dry Dry Dry
AS-08-pre-outside® 0.70 0.82 0.68 0.70 0.73 2.71 0.81 1.47 350  1.46 1.42 0.80
AS-08-pre-inside® 0.51 0.76 0.89 1.43 1.00 1.54 1.37 1.11 186 342  -2.17 2.27
AS-08-post-outside®™ 1.70 NM 2.25 1.87 1.26 Dry 0.76 1.48 3.25 NM Dry 0.77
AS-08-post-inside® 0.46 NM 1.43 1.21 1.04 Dry 1.34 2.80 1.90 NM Dry 2.00
AS-09 - inside Frozen 5.76 5.45 6.00 5.84 5.94 3.98 5.82 585  3.00 5.82 5.97
AS-09 - outside 6.24 5.87 5.89 5.97 5.81 5.93 5.37 5.83 583 575 5.80 6.17
AS-10 - inside 1.84 3.12 2.99 3.45 3.15 3.32 2.62 3.02 3.47  -006  3.42 3.70
AS-10 - outside 3.52 3.14 3.12 3.24 3.09 3.11 2.95 3.02 325  3.08 3.17 3.68
AS-11 - inside N/A NM N/A N/A 0.09 N/A 1.08 N/A 1.06 N/A N/A N/A
AS-11 - outside N/A NM N/A N/A 0.70 N/A 2.11 N/A 2.04 N/A N/A N/A

Elevation data reported in feet NAVD 88

N/A = not applicable

NM = could not be sampled / not measured

a) Data measured on 1/07/10

b) The first and last reading of each event is conducted at PZ-8 so that a tidal change encompassing all water measurements can be evaluated

Rev. 1
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Table 2.3-20

Water Withdrawal Estimates (Mgd) by Source in Delaware River Basin —
Lower Estuary and Bay Regions

Groundwater Surface Water
1995 2020 2040 1995 2020 2040
Total Withdrawals
Lower Estuary 50.5 60.5 86.9 3586.5 5056.7 6285.1
Delaware Bay 89.7 92.5 108.2 67.2 65.7 64.4
Consumptive Use
Lower Estuary 11.1 11.6 13.8 41.0 51.0 59.7
Delaware Bay 29.0 26.2 25.1 16.7 15.3 141
Reference 2.3-19
Rev. 1
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Table 2.3-21
Peak Month Withdrawal and Consumptive
Uses by Sector for Dry Year (1995) and Wet Year (1996)

Peak Withdrawal Peak Consumptive Use
Sector (Mgd) (Mgd)

1995 1996 1995 1996
Agriculture 186.5 93.5 167.9 84.1
Commercial/Industrial 13.9 12.0 1.4 1.2
Public Water Supply 1057.3 959.7 224.7 204.0
Domestic 89.5 6.3 18.4 1.3
Mining 113.5 103.5 17.0 15.5
Non-Agricultural Irrigation 17.8 8.3 16.0 7.5
Industrial 11741 893.9 55.6 46.5
Hydroelectric Power Generation 322.8 446.7 0.0 0.0
Thermoelectric Power 5973.4 6272.9 854 82.1
Generation
Other 19.6 9.4 0.5 0.2
Totals 8968.4 8806.2 587.1 442.4
Reference 2.3-19

Rev. 1
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Table 2.3-22
Delaware River Basin Water Supply Reservoirs
Purpose® Storage (Million Gallons) Location
Reservoir Flood
WS/WSA/P Loss
Reduction
Water Supply
Penn Forest WS 6510 Wild Creek; Carbon County, PA
Wild Creek WS 3910 Wild Creek; Carbon County, PA
Still Creek WS 2701 Still Creek; Schuylkill County, PA
Ontelaunee WS 3793 Martins Creek; Berks County, PA
Green Lane WS 4376 Perkiomen Creek; Montgomery
County, PA
Geist WS 3512 Crum Creek; Delaware County, PA
Edgar Hoopes WS 2199 Tributary to Red Clay Creek; New
Castle County, DE
Union Lake WS 3177 Maurice River; Cumberland County,
NJ
Hopatcong ws® 5995 Musconetcong River; Sussex, Morris
County, NJ
Nockamixon ws® 11,990 Tohickon Creek; Bucks County, PA
New York City Reservoirs
Cannonsville WS, WSA 98,400 West Branch Delaware River;
Delaware County, NY
Neversink WS, WSA 35,581 Neversink River, Sullivan County, NY
Pepacton WS, WSA 147,926 East Branch Delaware River;

Delaware County, NY

Hydroelectric Power Generation

Lake P 29,813 Wallenpaupack Creek; Wayne

Wallenpaupack County, PA

Mongaup P 15,314 Mongaup River, Sullivan County, NY

System

Multipurpose or Flood Loss Reduction

Prompton FL None 6614 West Branch Lackawaxen River;
Wayne County, PA

Beltzville WSA, FL 12,978 8797 Pohopoco Creek; Carbon County, PA

Marsh Creek WS, WSA, FL© 4040 1160 Marsh Creek; Chester County, PA

Chambers Lake WS, WSA 383 None Birch Run; Chester County, PA

Blue Marsh WSA, FL 4757 10,554 Tulpehocken Creek; Berks County,
PA

Lake Galena WS, FL 1629 1127 North Branch Neshaminy Creek;
Bucks County, PA

Francis E. FL None 35,190 Lehigh River; Luzerne, Carbon

Walter County, PA

Jadwin FL None 7983 Dyberry Creek; Wayne County, PA

Merrill Creek WSA 15,640 None Merrill Creek; Hunterdon County, NJ

Total Storage 414,624

a) WS — Water Supply, WSA — water supply primarily for flow augmentation, P — hydroelectric power generation,
FL — Flood Loss

b) Emergency use only

c) Used for flow maintenance during emergencies

d) Used for flow maintenance in Brandywine Creek

Reference 2.3-19
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Table 2.3-23
Water Withdrawals and Consumptive Use by Power Generation Facilities
(1995 Average Demands)

Consumptive Use (Mgd)

. Withdrawal
Site Name EIF
(Mgd) Actual Adjusted
Exelon — Limerick Unit 35.6 27.1 27.1
PSEG — Salem and Hope Creek 2473.4 15.3 2.3
Exelon — Eddystone Unit 716.1 4.3 3.6
Connective — Hay Road 537.8 4.1 2.4
PSEG — Mercer Station 461.4 2. 2.9
Wheelabrator Gloucester County, LP 16.3 1.6 1.6
Reliant Energy — Gilbert (1-3) 15.1 1.5 1.5
Reliant Energy — Portland 219.7 1.5 1.5
Logan Generating County, LP 1.4 1.4 1.0
PP&L — Martins Creek 58.3 1.4 1.4
Exelon — Cromby 223.0 1.3 1.3
Reliant Energy — 12.9 1.1 1.1
Titus (surface water withdrawal)
Wheelabrator Frackville Energy 1.7 1.1 1.1
County Inc.
Panther Creek Partners 1.0 1.0 1.0
Reliant Energy — Yards Creek 7.2 0.7 0.7
PSEG — Burlington Station 85.5 0.6 0.6
Northampton Generating- Lehigh River 0.6 0.6 0.6
Exelon — Delaware Unit 75.4 0.5 0.5
Conectiv — Deepwater Station 103.3 0.4 0.2
Chambers Cogen - Carneys Point 3.1 0.3 0.2
Exelon — Schuylkill Unit 36.8 0.3 0.3
Warren Energy Resource County, LP 0.2 0.1 0.1
Peco Energy Co — Richmond 1.3 0.1 0.1
Reliant Energy Gilbert (8) 1.2 0.1 0.1
Northeastern Power — Silverbrook Mine 0.1 0.1 0.1
Pedricktown Cogen/Conectiv 0.5 0.0 0.0
Reliant Energy — Titus (Wells) 0.2 0.0 0.0
Tractebel Electricity & Gas 0.1 0.0 0.0
Reliant Energy — Gilbert 0.0 0.0 0.0
Great Bear Hydropower, Inc. 1454 0.0 0.0
PP&L — Wallenpaupack 189.0 0.0 0.0
Total 5423.6 69.4 53.3
EIF — Equivalent Impact Factor
Reference 2.3-19
Rev. 1
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Table 2.3-24
HCGS and SGS Annual Groundwater Pumpage (Mgy) (2002 — 2009)
Pumpage
Wate\;v‘zl‘l'pp'y Pump 2002 2003 2004 2005 2006 2007 2008 2009

Limit Pumpage Pumpage Pumpage Pumpage Pumpage Pumpage Pumpage Pumpage

Salem Generating Station

PW-2 300 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0
gpm

PW-3 600 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
gpm

PW-5 800 87.2 98.5 107.9 133.8 108 104 127.3 1121
gpm

PW-6 600 1.7 1.6 4.2 3.7 1 8 13.2 8.7
gpm

Total N/A 89 100 112 138 109 112 141 121

Groundwater (169 gpm) (190 gpm (213 gpm) (262 gpm) (207 gpm) (213 gpm) (267 gpm) (230 gpm)

Pumpage per

Year

Hope Creek Generating Station

HC-1 750 36.5 38.5 49.7 36.7 39.7 49.6 40.8 34.7
gpm

HC-2 750 35.5 34.9 53.9 44 .8 41.7 47.5 42.7 44.7
gpm

Total N/A 72 73 104 82 81 97 84 79

Groundwater (137 gpm) (140gpm) (197 gpm) (155 gpm) (155gpm) (185 gpm) (159 gpm) (151 gpm)

Pumpage per

Year

Total Salem and Hope Creek Generating Stations

Groundwater N/A 161 174 216 219 190 209 224 200
Pumpage per (306 gpm) (330 gpm) (410 gpm) (417 gpm) (362 gpm) (398 gpm) (426 gpm) (381 gpm)
Year

N/A — Not Applicable
References 2.3-48, 2.3-49, 2.3-50, 2.3-51, and 2.3-52
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Table 2.3-25 (Sheet 1 of 2)
Summary of Analytical Data — Artificial Pond Locations (AS-8)

Min

Max

Chem Class Parameter Units Detects Samples DL® DL® Min Max ~ Mean®

Metals (Total) Calcium mg/L 4 4 78.6 115 99
Lead mg/L 4 4 0.0025 0.0066 0.0048
Magnesium mg/L 4 4 192 288 250
Potassium mg/L 0 4 62.4 91 78
Sodium mg/L 4 4 1600 2490 2100
Zinc mg/L 4 4 0.0184 0.0321 0.026
Mercury mg/L 0 4 0.0002 0.0002

Inorganics Alkalinity, Total mg/L 4 4 60.8 65.7 63
Ammonia mg/L 4 4 0.058 0.31 0.13
Biochemical Oxygen
Demand mg/L 4 4 0.84 5.2 24
Chemical Oxygen
Demand mg/L 4 4 46.9 74.8 67
Chloride mg/L 4 4 2940 5070 4200
Cyanide, Total mg/L 1 4 0.03 0.03 0.0425 0.0425
Hardness as CaCO3 mg/L 4 4 987 1470 1300
Nitrate as N mg/L 3 4 0.1 0.1 0.29 0.59 0.32
Nitrate+Nitrite as N mg/L 3 4 1 1 0.7 2.2 1.3
Nitrite as N mg/L 2 4 2.5 5 0.15 1.2 1.3
Nitrogen, Total Kjeldahl mg/L 4 4 0.36 0.64 0.52
Orthophosphate mg/L 0 4 0.1 0.5
Phosphorus, Total as P mg/L 4 4 0.16 0.23 0.19
Sulfate mg/L 4 4 365 638 500
Total Dissolved Solids mg/L 4 4 5340 7780 6800
Total Suspended Solids mg/L 4 4 85 207 150

Rev. 1
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Table 2.3-25 (Sheet 2 of 2)

PSEG Site

Summary of Analytical Data — Artificial Pond Locations (AS-8)

Min Max Mi M M (b)
Chem Class Parameter Units Detects Samples DL?® DL®@ in ax ean
Radionuclides Tritium pCI/L 0 5 -110 210
Chlorophyll Chlorophyll a, Corrected mg/m® 4 4 5.3 16 12
Pheophytin-a mg/m3 4 4 2.7 17 8.7
Coliform Fecal Coliform COL/100 ml 5 5 6 TNTC NA
Fecal Streptococcus COL/100 ml 5 5 12 TNTC NA
Total Coliform COL/100 m; 5 5 67 TNTC NA
Field Parameters Specific Conductivity pSiemens/cm 5 5 7390 25,000 13,000
Dissolved Oxygen mg/L 5 5 7.7 12.9 11
pH S.U. 5 5 4.7 8.4 6.5
Salinity ppt 5 5 4 14 8.2
Temperature °C 5 5 3 30 17
Turbidity NTUs 5 5 39.5 381 150

mg/L - milligram per liter
pCi/L - picoCurie per liter
mg/m? - milligram per meter cube
COL/100 ml - Colony Forming Units per 100 milliliter

pSiemens/cm - microSiemens per centimeter

S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units

ppt - parts per thousand
TNTC- too numerous to count

a.) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of
minimum detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty

associated with each sample.

b.) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than
one detection was reported.
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Table 2.3-26 (Sheet 1 of 2)
Summary of Analytical Data — Artificial Pond Locations (AS-4, AS-9, AS-14)

Min

Max

Chem Class Parameter Units Detects Samples DL® DL® Min Max ~ Mean®

Metals (Total) Calcium mg/L 12 12 23.3 75.3 56
Lead mg/L 8 12 0.0025 0.005 0.00057 0.0099 0.0027
Magnesium mg/L 12 12 23.3 94.2 61
Potassium mg/L 12 12 16.2 31.1 23
Sodium mg/L 12 12 243 496 410
Zinc mg/L 8 12 0.025 0.05 0.0067 0.0463 0.017
Mercury mg/L 0 12 0.0002 0.0002

Inorganics Alkalinity, Total mg/L 12 12 115 304 0.18
Ammonia mg/L 12 12 0.058 0.45 7.6
Biochemical Oxygen
Demand mg/L 12 12 29 26.2 69
Chemical Oxygen
Demand mg/L 12 12 23.9 158 660
Chloride mg/L 12 12 314 951 390
Cyanide, Total mg/L 1 12 0.01 0.01 0.0043 0.0043
Hardness as CaCO3 mg/L 12 12 213 572 0.061
Nitrate as N mg/L 1 12 0.1 0.1 0.18 0.18
Nitrate+Nitrite as N mg/L 5 12 0.5 1 0.12 1.1 0.38
Nitrite as N mg/L 6 12 0.5 1 0.055 0.6 24
Nitrogen, Total Kjeldahl mg/L 12 12 0.8 5.9 0.096
Orthophosphate mg/L 1 12 0.1 0.1 0.15 0.15
Phosphorus, Total as P mg/L 12 12 0.075 0.59 180
Sulfate mg/L 12 12 33.3 530 1500
Total Dissolved Solids mg/L 12 12 887 2060 49
Total Suspended Solids mg/L 12 12 3.7 314 91
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Table 2.3-26 (Sheet 2 of 2)
Summary of Analytical Data — Artificial Pond Locations (AS-4, AS-9, AS-14)

Min = Max  \in  Max Mean®
Chem Class Parameter Units Detects Samples DL® DL®@ a ea
Radionuclides Tritium pCI/L 1 12 70 270 270 270
Chlorophyll Chlorophyll a, Corrected mg/m® 12 12 14 178 52
Pheophytin-a mg/m3 10 12 1 1 8 114 31
Coliform Fecal Coliform COL/100 ml 11 12 1 1 1 90 32
Fecal Streptococcus COL/100 ml 12 12 2 72 36
Total Coliform COL/100 m; 12 12 13 TNTC NA
Field Parameters Specific Conductivity pSiemens/cm 13 13 1170 28,400 6378
Dissolved Oxygen mg/L 13 13 5 1198 101
pH S.U. 13 13 5.93 8.1 7.29
Salinity ppt 12 13 1 1 1 2 1.1
Temperature °C 13 13 3 29 19.38
Turbidity NTUs 13 13 10.1 712 123.72

mg/L - milligram per liter
pCi/L - picoCurie per liter
mg/m? - milligram per meter cube
COL/100 ml - Colony Forming Units per 100 milliliter

pSiemens/cm - microSiemens per centimeter
S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units

ppt - parts per thousand

TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of
minimum detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty
associated with each sample.

b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one
detection was reported.
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Table 2.3-27 (Sheet 1 of 2)

PSEG Site
ESP Application

Summary of Analytical Data — Marsh Locations (AS-1, AS- 2, AS- 3, AS-5, AS-6, AS-10, and AS-11)

Min

Max

Chem Class Parameter Units Detects Samples DL?® DL® Min Max ~ Mean®

Metals (Total) Calcium mg/L 28 28 43 122 74
Lead mg/L 25 28 0.0025 0.005 0.0011 0.0087 0.0036
Magnesium mg/L 28 28 56 356 150
Mercury mg/L 0 28 0.0002 0.0002
Potassium mg/L 28 28 19.9 111 46
Sodium mg/L 28 28 334 2940 1200
Zinc mg/L 28 28 0.0129 0.34 0.045

Inorganics Alkalinity, Total mg/L 28 28 53.2 278 110
Ammonia mg/L 27 28 0.1 0.1 0.033 04 0.13
Biochemical Oxygen
Demand mg/L 27 28 2 2 1.1 79.8 5.2
Chemical Oxygen
Demand mg/L 28 28 10.8 103 43
Chloride mg/L 28 28 548 6150 2300
Cyanide, Total mg/L 1 28 0.01 0.01  0.0308 0.0308
Hardness as CaCO3 mg/L 28 28 339 1770 790
Nitrate as N mg/L 17 28 0.1 1 0.077 1.1 0.34
Nitrate+Nitrite as N mg/L 22 28 1 2.5 0.28 25 1.1
Nitrite as N mg/L 12 28 0.1 10 0.094 1.2 0.99
Nitrogen, Total Kjeldahl mg/L 28 28 0.31 4.1 0.75
Orthophosphate mg/L 2 28 0.1 0.5 0.15 0.3 0.077
Phosphorus, Total as P mg/L 28 28 0.067 1.6 0.24
Sulfate mg/L 28 28 75.8 650 280
Total Dissolved Solids mg/L 28 28 1400 9200 3900
Total Suspended Solids mg/L 28 28 8 2460 150
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Table 2.3-27 (Sheet 2 of 2)
Summary of Analytical Data — Marsh Locations (AS-1, AS- 2, AS- 3, AS-5, AS-6, AS-10, and AS-11)

Min Max Mi M M (b)
Chem Class Parameter Units Detects Samples DL?®? DL® in ax ean
Radionuclides Tritium PCI/L 1 28 -70 310 290 290
Chlorophyll Chlorophyll a, Corrected mg/m3 28 28 2.2 243 21
Pheophytin-a mg/m3 18 28 1 1 1.4 100 7
Coliform Fecal Coliform COL/100 ML 27 28 1 1 1 TNTC NA
Fecal Streptococcus COL/100 ML 28 28 5 TNTC NA
Total Coliform COL/100 ML 27 28 1 1 132 TNTC NA
Field Parameters Specific Conductivity puSiemens/cm 29 29 1360 93,500 9477
Dissolved Oxygen mg/L 29 29 4.6 13.3 8.7
pH S.U. 29 29 4.7 8.6 6.8
Salinity ppt 29 29 1 9 3.4
Temperature °C 28 29 1 1 2 27 17.5
Turbidity NTUs 29 29 26.2 449 116.7

mg/L - milligram per liter

pCi/L - picoCurie per liter

mg/m? - milligram per meter cube

COL/100 ML - Colony Forming Units per 100 milliliter
pSiemens/cm - microSiemens per centimeter
S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units

ppt - parts per thousand

TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range
of minimum detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty
associated with each sample.

b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one
detection was reported.
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PSEG Site

Table 2.3-28 (Sheet 1 of 2)

Summary of Analytical Data for Upper (Alluvium) New Plant Observation Well Locations

Min

Max

Chem Class Parameter Units Detects Samples DL?® DL®@ Min Max ~ Mean®
Metals (Total) Calcium mg/L 32 32 89.4 365 170
Iron mg/L 32 32 3.66 57.9 33
Lead mg/L 13 32 0.0025 0.005 0.00099 0.0031  0.0021
Magnesium mg/L 32 32 84.9 328 240
Mercury mg/L 0 32 0.0002 0.0002
Potassium mg/L 32 32 19.4 73 47
Sodium mg/L 32 32 1110 2660 1600
Metals (Dissolved) Silica crystalline quartz mg/L 32 32 14.4 55.9 33
Inorganics Alkalinity, Total mg/L 32 32 530 1390 1100
Ammonia mg/L 32 32 25 58.1 33
Bicarbonate as HCO3 mg/L 32 32 530 1390 1100
Biochemical Oxygen
Demand mg/L 28 32 2 20 1.7 256 39
Carbon Dioxide mg/L 32 32 36 150 95
Chemical Oxygen
Demand mg/L 32 32 33.9 565 170
Chloride mg/L 32 32 1670 4160 2900
Hardness as CaCO3 mg/L 32 32 1180 1940 1400
Nitrate as N mg/L 6 32 0.1 2 0.11 0.76 0.21
Nitrate+Nitrite as N mg/L 4 32 1 5 1.2 1.2 1.8
Nitrite as N mg/L 7 32 1 5 0.23 0.48 1.8
Nitrogen, Total Kjeldahl mg/L 29 32 0.1 0.5 0.6 17.3 6.5
Orthophosphate mg/L 0 32 0.1 0.1
Phosphorus, Total as P mg/L 32 32 0.035 5.6 3
Sulfate mg/L 12 32 1 1 0.69 89.4 13
Total Dissolved Solids mg/L 32 32 4150 7030 5500
Total Suspended Solids mg/L 32 32 19 216 130
Rev. 1
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Table 2.3-28 (Sheet 2 of 2)
Summary of Analytical Data for Upper (Alluvium) New Plant Observation Well Locations

Min Max

Chem Class Parameter Units Detects Samples DL?® DL®@ Min Max ~ Mean®
Radionuclides Tritium pCl/L 0 32 -130 220 11
Coliform (CFU) Fecal Coliform COL/100 ml 1 32 1 1 2 2 0.55
Fecal Streptococcus COL/100 ml 9 32 1 1 1 54 5.9
Total Coliform COL/100 ml 11 32 1 1 8 TNTC NA
Field Parameters Specific Conductivity pSiemens/cm 35 35 4160 95000 19000
Dissolved Oxygen mg/L 10 35 0.1 0.1 0.7 3.6 0.53
Eh mv 35 35 -240 15 -150
pH S.U. 35 35 6.5 104 7.0
Salinity ppt 35 35 2 9 5.4
Temperature °C 35 35 12 21 16
Turbidity NTUs 34 35 0.1 0.1 2.5 604 94

mg/L - milligram per liter

pCi/L - picoCurie per liter

mg/m? - milligram per meter cube

COL/100 ML - Colony Forming Units per 100 milliliter
pSiemens/cm - microSiemens per centimeter
S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units

ppt - parts per thousand

TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of minimum
detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty associated with each

sample.
b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one

detection was reported.
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Table 2.3-29 (Sheet 1 of 2)
Summary of Analytical Data for Upper (Alluvium) Eastern Observation Well Locations

Min Max

Chem Class Parameter Units Detects Samples DL® DL® Min Max  Mean®
Metals (Total) Calcium mg/L 32 32 81.7 193 130
Iron mg/L 32 32 17 75.3 47
Lead mg/L 10 32 0.005 0.005 0.0014 0.02 0.0041
Magnesium mg/L 32 32 97.8 382 270
Mercury mg/L 1 32 0.0002 0.0002 0.00014 0.00014
Potassium mg/L 32 32 27.3 87.3 69
Sodium mg/L 32 32 194 2710 1900
Metals (Dissolved)  Silica crystalline quartz mg/L 32 32 8.14 47.8 26
Inorganics Alkalinity, Total mg/L 32 32 389 1310 960
Ammonia mg/L 32 32 9.5 49.9 33
Bicarbonate as HCO3 mg/L 32 32 389 1310 960
Biochemical Oxygen
Demand mg/L 32 32 1.6 237 31
Carbon Dioxide mg/L 32 32 34 140 79
Chemical Oxygen Demand mg/L 31 32 36 36 44.5 482 200
Chloride mg/L 32 32 61.5 5280 3500
Hardness as CaCO3 mg/L 32 32 720 1890 1500
Nitrate as N mg/L 8 32 0.1 2 0.061 0.1 0.11
Nitrate+Nitrite as N mg/L 3 32 0.1 5 1.2 1.2 1.7
Nitrite as N mg/L 7 32 0.1 5 0.2 0.48 1.7
Nitrogen, Total Kjeldahl mg/L 29 32 0.5 2.6 2 51.4 8.4
Orthophosphate mg/L 0 32 0.1 0.1
Phosphorus, Total as P mg/L 32 32 0.85 4.9 2.7
Sulfate mg/L 7 32 0.1 1 0.98 791 92
Total Dissolved Solids mg/L 32 32 1500 8270 6200
Total Suspended Solids mg/L 32 32 74 413 170
Rev. 1
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Table 2.3-29 (Sheet 2 of 2)

Max

Min Min  Max  Mean®
Chem Class Parameter Units Detects Samples DL® DL®
Radionuclides Tritium pCI/L 2 32 -180 180 340 710 38
Coliform (CFU) Fecal Coliform COL/100 ml 1 32 1 1 29 29
Fecal Streptococcus COL/100 mi 5 32 1 4 1 TNTC NA
Total Coliform COL/100 ml 18 32 1 1 1 TNTC NA
Field Parameters Specific Conductivity puSiemens/cm 32 32 2090 99,900 20,000
Dissolved Oxygen mg/L 18 32 0.1 0.1 0.1 6.5 0.76
Eh mv 32 32 -250 -1 -160
pH S.U. 32 32 6.4 10.4 7.1
Salinity ppt 32 32 1 40 8.1
Temperature °C 32 32 12 19 15
Turbidity NTUs 27 32 0.1 0.1 0.3 999 140

mg/L - milligram per liter
pCi/L - picoCurie per liter
mg/m? - milligram per meter cube
COL/100 ML - Colony Forming Units per 100 milliliter

pSiemens/cm - microSiemens per centimeter

S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units
ppt - parts per thousand

TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of minimum
detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty associated with each

sample.

b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one
detection was reported.
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Table 2.3-30 (Sheet 1 of 2)

PSEG Site

ESP Application

Summary of Analytical Data for Lower (Vincentown) New Plant Observation Well Locations

Min

Max

Chem Class Parameter Units Detects Samples DL®  DL®@ Min Max  Mean®
Metals (Total) Calcium mg/L 32 32 129 553 270
Iron mg/L 32 32 4 56.6 17
Lead mg/L 4 32 0.0025 0.005 0.00053 0.0134 0.0026
Magnesium mg/L 32 32 80.4 356 220
Mercury mg/L 0 32 0.0002 0.0002 0.000
Potassium mg/L 32 32 12.2 122 35
Sodium mg/L 32 32 1600 3030 2200
Metals (Dissolved) Silica crystalline quartz mg/L 32 32 8.87 36.5 19
Inorganics Alkalinity, Total mg/L 32 32 268 855 560
Ammonia mg/L 30 32 0.37 0.38 0.3 53 7.4
Bicarbonate as HCO3 mg/L 32 32 268 855 560
Biochemical Oxygen
Demand mg/L 26 32 2 4 2 128 11
Carbon Dioxide mg/L 32 32 1.2 60 30
Chemical Oxygen
Demand mg/L 30 32 18.1 19.7 31.6 293 110
Chloride mg/L 32 32 3590 5750 4500
Hardness as CaCO3 mg/L 32 32 809 1890 1600
Nitrate as N mg/L 2 32 0.1 2 0.11 0.36 0.19
Nitrate+Nitrite as N mg/L 2 32 1 5 1.2 1.2 2
Nitrite as N mg/L 7 32 1 5 0.22 0.48 2
Nitrogen, Total Kjeldahl mg/L 24 32 0.1 3.5 0.3 8.1 1.8
Orthophosphate mg/L 0 32 0.1 0.5
Phosphorus, Total as P mg/L 32 32 0.053 3 0.35
Sulfate mg/L 29 32 1 1 0.64 238 58
Total Dissolved Solids mg/L 32 32 884 8900 7000
Total Suspended Solids mg/L 32 32 46 1130 100
Rev. 1
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Table 2.3-30 (Sheet 2 of 2)
Summary of Analytical Data for Lower (Vincentown) New Plant Observation Well Locations

Min Max Mi M M (b)
Chem Class Parameter Units Detects Samples DL® DL® n ax ean
Radionuclides Tritium pCI/L 0 32 -110 160
Coliform (CFU) Fecal Coliform COL/100 ml 2 32 1 1 1 1 0.53
Fecal Streptococcus COL/100 ml 4 32 1 1 1 38 2.1
Total Coliform COL/100 ml 15 32 1 1 4 TNTC NA
Field Parameters Specific Conductivity pSiemens/cm 35 35 8070 83,600 16,000
Dissolved Oxygen mg/L 16 35 0.1 0.1 04 7 0.69
Eh mv 35 35 -390 -1 -160
pH S.U. 35 35 6.7 10.6 7.4
Salinity ppt 35 35 4 14 8.2
Temperature °C 35 35 11 19 15
Turbidity NTUs 27 35 0.1 0.1 0.2 637 59

mg/L - milligram per liter

pCi/L - picoCurie per liter

mg/m? - milligram per meter cube

COL/100 ML - Colony Forming Units per 100 milliliter
pSiemens/cm - microSiemens per centimeter
S.U. - standard units

g/L - gram per liter

°C - degrees Celsius

NTU - Nephelometric Turbidity Units

ppt - parts per thousand

TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of minimum
detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty associated with each
sample.

b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one
detection was reported.
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Table 2.3-31 (Sheet 1 of 2)
Summary of Analytical Data for Lower (Vincentown) Eastern Observation Well Locations

Min Max

Chem Class Parameter Units Detects Samples DL® DL® Min Max ~ Mean®

Metals (Total) Calcium mg/L 32 32 169 757 440
Iron mg/L 32 32 1.6 86.6 31
Lead mg/L 1 32 0.0025 0.005 0.0028 0.0028 0.002
Magnesium mg/L 32 32 116 417 260
Mercury mg/L 0 32 0.0002 0.0002 0.000
Potassium mg/L 32 32 7.64 67.9 37
Sodium mg/L 32 32 2130 3120 2700

Metals

(Dissolved) Silica crystalline quartz mg/L 32 32 14 31.9 26

Inorganics Alkalinity, Total mg/L 32 32 326 918 600
Ammonia mg/L 29 32 0.76 0.99 0.83 16.8 4.7
Bicarbonate as HCO3 mg/L 32 32 326 918 600
Biochemical Oxygen
Demand mg/L 28 32 2 4 0.74 139 13
Carbon Dioxide mg/L 32 32 23 100 61
Chemical Oxygen
Demand mg/L 32 32 28.3 325 140
Chloride mg/L 32 32 4330 6730 5600
Hardness as CaCO3 mg/L 32 32 1930 2420 2200
Nitrate as N mg/L 13 32 0.1 2 0.11 0.11 0.25
Nitrate+Nitrite as N mg/L 1 32 1 5 1.2 1.2
Nitrite as N mg/L 5 32 1 5 0.44 0.46 2
Nitrogen, Total Kjeldahl mg/L 24 32 0.42 29 0.46 4.5 1.3
Orthophosphate mg/L 0 32 0.1 0.1
Phosphorus, Total as P mg/L 32 32 0.09 23 0.69
Sulfate mg/L 32 32 12.6 281 97
Total Dissolved Solids mg/L 32 32 7470 10,000 9000
Total Suspended Solids mg/L 32 32 20.7 269 100
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Table 2.3-31 (Sheet 2 of 2)

Summary of Analytical Data for Lower (Vincentown) Eastern Observation Well Locations

Min Max Mi M M (b)
Chem Class Parameter Units Detects Samples DL® DL® in ax ean
Radionuclides Tritium pCI/L 0 32 -120 260
Coliform (CFU) Fecal Coliform COL/100 ml 0 32 1 1
Fecal Streptococcus COL/100 mi 1 32 1 1 2 2
Total Coliform COL/100 ml 20 32 1 1 1 TNTC NA
Field Parameters Specific Conductivity puSiemens/cm 33 33 12,900 79,800 20,000
Dissolved Oxygen mg/L 10 33 0.1 0.1 0.11 4.6 0.5
Eh mv 33 33 -310 -5 -140
pH S.U. 33 33 6.2 9.9 6.9
Salinity ppt 33 33 4 23 11
Temperature °C 33 33 9 17 15
Turbidity NTUs 16 33 0.1 0.1 24 179 24

mg/L - milligram per liter
pCi/L - picoCurie per liter
mg/m? - milligram per meter cube

COL/100 ML - Colony Forming Units per 100 milliliter
pSiemens/cm - microSiemens per centimeter

S.U. - standard units
g/L - gram per liter
°C - degrees Celsius

NTU - Nephelometric Turbidity Units
ppt - parts per thousand
TNTC- too numerous to count

a) Range of non-detects represents the range of detection limits for non-detects. Detection limits for Tritium represent the range of minimum
detectable activity which may be reported as a positive or negative value depending upon the calculated uncertainty associated with each

sample.

b) Average values were calculated using one half the detection limit for those samples reported as non detected and where more than one
detection was reported.
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24 ECOLOGY

This section provides a description and characterization of the terrestrial and aquatic
ecosystems potentially affected by the construction and operation of the new plant at the
PSEG Site. Consultations with the NJDEP (Reference 2.4-142), DE Department of Natural
Resources and Environmental Control (DNREC) (Reference 2.4-38), and U.S. Fish and
Wildlife Service (USFWS) were initiated for information regarding ecological resources in the
vicinity of the PSEG Site. This consultation process was used to obtain agency input
regarding threatened and endangered species, sensitive habitats, commercial and
recreational species, and other ecological characteristics for the site and vicinity.

241 TERRESTRIAL ECOLOGY

This subsection presents the terrestrial ecology of the PSEG Site and the 6-mi. vicinity based
on historical data collected in support of HCGS and SGS licensing, recorded information
provided by resource agencies, and supplemental field surveys conducted in 2009 - 2010.
Historic field studies include plant and animal surveys conducted on and in the vicinity of the
PSEG Site. These historic field studies include:

e Studies conducted on the terrestrial ecology of Artificial Island and vicinity including
birds, mammals, herpetofauna (reptiles and amphibians), and vegetation (References
2.4-24, 2.4-87, 2.4-220, 2.4-221, 2.4-222).

o Wetland delineation studies documenting wetlands on and near the PSEG Site
(References 2.4-1).

¢ Annual biological monitoring reports by PSEG (1995 to 2009) documenting vegetation
and fish as part of the PSEG Estuary Enhancement Program (EEP) both on-site and in
the PSEG Site vicinity (References 2.4-153 through 2.4-157 and 2.4-159 through 2.4-
166).

o Terrestrial ecological studies conducted for the PSEG access road widening project in
the early 1980s, documenting birds, mammals, vegetation and fish (Reference 2.4-
158).

¢ Annual breeding bird surveys conducted by the USGS (1966 to 2007) along the
Greenwich route within the vicinity of the PSEG Site (Reference 2.4-213).

¢ Annual mid-winter waterfowl surveys conducted by the USFWS (2005 to 2009) along
Stow Creek, Hope Creek, and Alloway Creek (Reference 2.4-200).

¢ Annual Christmas Bird Count conducted by the Audubon Society (2004 to 2008) in
Salem County (Reference 2.4-7).

Historical studies from the 1970s and 1980s are used as background information, but are not
reported in detail as they may not reflect current conditions. Data from the last 5 yr was used
as the primary source for characterization of existing baseline conditions, except for faunal
groups such as mammals and herpetofauna where site-specific data were not available within
the last 5 yr. Field studies of mammals and herpetofauna in the coastal marsh habitat were
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based primarily on opportunistic observation, therefore older historical studies are used to
provide a broader characterization of these faunal groups.

2411 Terrestrial Habitats

Land use and land cover (LULC) data from NJDEP is used to identify land cover types at the
PSEG Site and within the off-site areas potentially affected by the proposed causeway
(Figures 2.4-1 and 2.4-2). This NJDEP database is used for the site and near off-site areas
(causeway) in NJ as it provides a refinement of USGS LULC mapping. Field reconnaissance
was performed within the PSEG Site to confirm the land cover types mapped by NJDEP. The
LULC information presented in Figure 2.4-2 identifies the plant community types on the PSEG
Site and in near off-site areas. Plant communities within this area represent terrestrial habitat
types and are grouped into the three general habitat categories (wetland and aquatic habitat,
old field habitat, and developed land uses).

The LULC information presented in Figure 2.4-3 identifies the land cover types within the 6-
mi. vicinity. USGS LULC data is used for other areas within the 6-mi vicinity as this provides a
unified land cover mapping system for both DE and NJ. Land cover types within this 6-mi.
vicinity represent terrestrial habitat types in the following categories:

open water

developed open space
developed low intensity
developed medium intensity
developed high intensity
barren land

deciduous forest

evergreen forest

mixed forest

pasture hay

cultivated crops

woody wetlands

emergent herbaceous wetlands

The locations of floral surveys conducted along eight walking transects established on the
PSEG Site are depicted in Figure 2.4-4. Table 2.4-1 provides a list of habitats present at each
transect location based on the LULC. Additionally, representative portions of the proposed
causeway and areas adjacent to the existing access road were surveyed qualitatively. Each
area was surveyed in the spring, summer, and fall during the 2009 growing season to account
for seasonal variability of the vegetation within the PSEG Site. At each survey location, the
presence of each plant species was recorded. Within the eight study transects, relative
abundance for each species is classified as abundant, common, occasional, uncommon, or
rare. These surveys covered each plant community type (terrestrial habitat type) observed on
the PSEG Site.
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24.1.1.1 On-Site and Near Off-Site Habitats
241111 Wetlands and Aquatic Habitat
Wetlands and aquatic habitat include the following land cover types (Figure 2-4-1):

Artificial lakes

Deciduous scrub/shrub wetlands

Disturbed wetlands

Herbaceous wetlands

Managed wetland in maintained lawn greenspace
Phragmites-dominated interior wetlands
Phragmites-dominated coastal wetlands

Saline marsh

Tidal rivers, inland bays, and other tidal waters
Wetland rights-of-way

Based on LULC mapping, wetlands and aquatic habitats occupy 363 ac. within the PSEG Site
boundary (Table 2.4-2). This is 44 percent of the total site acreage. On-site, this cover type
consists primarily of wetlands in the USACE CDF, desilt basins, and emergent wetlands
dominated by the common reed Phragmites australis. Nearly half of this habitat (156 ac.) is
represented by Phragmites-dominated coastal wetlands characterized by a degraded coastal
marsh community consisting of near-monocultures of the invasive strain of common reed. The
majority of the proposed causeway off-site is comprised of Phragmites-dominated coastal
marsh. However, large expanses of coastal marsh north of Alloway Creek have been restored
to native saltmarsh as part of the PSEG EEP. Characteristic species of native saltmarsh
include Spartina alterniflora and S. cynosuroides.

A wetland delineation was also performed to develop a more complete understanding of
jurisdictional wetlands on the PSEG Site. Relative to LULC mapping, delineated wetlands
provide a more accurate baseline of wetland type and extent and can be used to support both
impact assessment and future permitting. Wetlands are considered an important habitat on
the PSEG Site. Additional discussion of delineated wetlands is provided in Subsection
2.41.3.4.

241.1.1.2 Old Field Habitat

A number of NJDEP LULC cover types may be collectively grouped as old field habitat. Old
field communities are previously disturbed lands that have become naturalized by plants in
varying stages of succession. The previous uses of old field areas for equipment, piling,
piping, and steel storage and laydown during the SGS and HCGS construction has resulted in
low quality, compacted soil. The old field areas on-site remain degraded, even after decades
of succession. Due to the poor soil characteristics, old field habitat on-site is anticipated to
remain degraded. The old field habitat on-site is used intermittently as laydown and storage
for the existing site operations at HCGS and SGS. Old field habitat includes the following land
cover types:

o Deciduous brush/shrubland
o Old field (<25 percent brush covered)
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e Phragmites-dominated old field
¢ Upland rights-of-way, undeveloped

Old field habitat occupies 137 ac. (17 percent) of the PSEG Site (Table 2.4-2). This group of
land cover types is mainly represented in the southeast portion of the PSEG Site. Scattered
old field communities consisting of one or more land cover types also occur sporadically in the
north and west portions of the PSEG Site. Over half of the old field habitat (69 ac.) is
represented by old field (less than 25 percent brush covered) land cover type. Common
herbaceous species within this habitat include common reed, mugwort (Artemisia vulgaris),
Queen Anne’s lace (Daucus carota), fescue species (Festuca sp.), Chinese lespedeza
(Lespedeza cuneata), yellow sweet clover (Melilotus officinalis), plantain (Plantago virginica),
goldenrod (Solidago altissima), and purpletop (Tridens flavus). Eastern red cedar (Juniperus
virginiana) is also variously represented in these old field habitats. A small section of old field
habitat is present at the northern end of the proposed causeway (Figure 2.4-2).

241113 Developed Land Uses

Land cover types generally maintained to support human activities are collectively grouped as
developed land uses. NJDEP LULC cover types included in this category are:

Altered lands

Industrial

Urban or built-up land
Phragmites-dominated urban area
Recreational land
Transportation/communication/utilities
Upland rights-of-way, developed

Developed lands occupy 320 ac. (39 percent) of the PSEG Site (Table 2.4-2). Industrial land
cover attributable to the operational uses of SGS and HCGS represents a majority (235 ac.) of
the developed land on-site. These land cover types are concentrated on the west portion of
the site and include paved roads, parking lots, buildings, and a recreational area at an
abandoned ball field. Developed land uses along the proposed causeway occur at the north
end of the causeway and include Money Island Road and residential areas along the road.

241114 Agricultural Land

Agricultural lands occur only in the near-site areas at the north end of the proposed causeway
along Money Island Road. These lands consist of cultivated fields in upland areas in the rural
landscape of Salem County. They are seasonally characterized by such crops as wheat and
soybeans, as well as weedy species such as crabgrass (Digittaria sp.), barnyard grass
(Echinochloa sp.), ragweed (Ambrosia sp.), and other species.

24112 Six-Mile Vicinity Habitat

USGS LULC data (2001) is used to characterize the land cover within the vicinity. While this
database is less precise than that developed by NJDEP, its use for the vicinity provides for a
unified mapping of lands within both DE and NJ. The following habitats are represented with
the 6-mi. vicinity:
Rev. 1
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Barren land

Developed land

Cultivated cropland

Pasture hay

Deciduous forest

Evergreen forest

Mixed forest

Emergent herbaceous wetland
Woody wetland

Open water

The PSEG Site is located in a coastal area along the Delaware River, and water and wetland
cover types dominate the vicinity. Open water associated with the Delaware River and
Delaware Bay occupies 26,733 ac. (37 percent) of the 6-mi. vicinity. Emergent herbaceous
wetland (predominantly coastal marsh) occupies 16,379 ac. (23 percent), and woody wetland
occupies 8870 ac. (12 percent). Agricultural land cover types consisting of cultivated cropland
(12,808 ac.) and pasture hay (3533 ac.) account for 23 percent of the land cover in the
vicinity. Deciduous forest occupies 2455 ac. (3 percent) and is typically associated with
stream valleys that are not suitable for cultivation. Developed lands, which include high,
medium, low, and open space developed land, occupy 894 ac. (1 percent) within the 6-mi.
vicinity. Barren lands, evergreen forest, and mixed forest each account for less than 1 percent
of the land cover in the vicinity (Table 2.4-3).

24.1.2 Wildlife

Plant communities within the project area support a diverse array of wildlife species.

Tables 2.4-4 and 2.4-5 provide representative lists of wildlife species based on previous
studies and recent studies performed as part of the ESPA. Tidal marsh communities support a
diverse wildlife community characterized by waterfowl (ducks, geese), wading birds (egrets,
herons), shorebirds, raptors (osprey, northern harrier, bald eagle), various mammal species
(whitetail deer, cottontail rabbit, muskrat, and other rodents), and herpetofauna.

In contrast, upland communities support a diversity of wildlife, but fewer water-dependent
species and more taxa that are typically associated with more mesic (moist) and drier
habitats. For example, bird communities may be more dominated by species that frequent
trees and shrubs such as songbirds, woodpeckers and other cavity-nesting species, as well
as neotropical migratory birds (warblers) and upland game birds (e.g., wild turkey).
Additionally, uplands support a different assemblage of mammals including a variety of bat
species, rodents (groundhog, squirrels, chipmunks, white-footed mouse, etc.), and
carnivorous species (red and gray fox, raccoon, striped skunk, etc.).

241.21 Birds

A records review to identify bird species reported to be near the PSEG Site was conducted
(Subsection 2.4.1 for a list of historical studies). Additional field studies completed in 2009 -
2010 include general site reconnaissance and observation, waterfowl spot counts, roadside
bird surveys (similar to those conducted by the USGS), and transect surveys. Additionally,
representative portions of the proposed causeway and areas adjacent to the existing access
road were surveyed qualitatively. Bird survey locations are shown in Figure 2.4-4.
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A walking survey was performed along each of eight on-site transects to provide current
information regarding bird use of the PSEG Site. One transect in the southeast portion of the
site (TS-06) was only surveyed in the winter and spring of 2009. This transect was limited to
two seasons as TS-06 was replaced by one of the transects at the USACE CDF and TS-07
and TS-08 are in the same habitat type (old field). All surveys were conducted in 2009 except
for the winter sampling for the locations at the USACE CDF, which was conducted in January
2010. Surveys were conducted on two separate days during each season (winter, spring,
summer, fall) and entailed the identification and inventory of all birds seen or heard within
approximately 65 ft. of the transect centerline. Two roadside survey routes were also
established in the vicinity of the site (Figure 2.4-4) and were surveyed seasonally (winter,
spring, summer, and fall). Two observers stopped at 0.5-mi. intervals to record all birds seen
or heard during a 3-minute sampling period on one datasheet for each survey route. Each
route was driven on two separate dates during each season. Seven on-site waterfowl spot
count locations and one location within the site vicinity were also established and surveyed
seasonally. Two observers recorded all water birds (waterfowl, wading birds) seen or heard at
each location. These field studies, on-site and within the vicinity of the site, are used in part to
characterize the current assemblage of bird species and to aid in the identification of
important species within the vicinity of the PSEG Site.

During the course of the 2009-2010 field surveys, 15,112 birds were observed, representing
125 species (Table 2.4-6). Typical bird species observed during field surveys included a mix
of songbirds and waterfowl such as northern cardinal (Cardinalis cardinalis), song sparrow
(Melospiaz melodia), killdeer (Charadrius vociferus), red-winged blackbird (Agelaius
phoeniceus), American crow (Corvus brachyrhynchos), Canada goose (Branta canadensis),
mallard (Anas platyrhynchos), and American black duck (Anas rubripes). Table 2.4-6 also
provides a summary of birds previously reported by the USGS, USFWS, and Audubon Society
(References 2.4-213, 2.4-200, and 2.4-7, respectively).

The majority of the natural habitats on the PSEG Site are dominated by common reed. This
monoculture of Phragmites does not provide optimum breeding/nesting habitat for many birds,
therefore most of the birds observed on the site are likely using it for migratory and foraging
purposes. Marsh wrens and red-winged black birds are two observed species that could use
the fringe of the common reed habitat for breeding/nesting. Most of the raptor species
observed on-site (northern harriers, bald eagles, and ospreys) forage near water. The
Delaware River borders the PSEG Site to the west and south, and therefore it provides
moderate to good foraging for these species. Ospreys have been observed nesting in
transmission towers within the site vicinity along the existing access road and the proposed
causeway. The old field habitat at the southeast portion of the site contains saplings of
eastern red cedar and autumn olive, and does provide some breeding and nesting
opportunities for songbirds. Typical songbirds observed in this area included northern
cardinal, song sparrow, gray catbird, common yellow throat, and yellow warbler.

Many species of wading birds observed within the site and vicinity likely use the area for
foraging. Observed species include great blue heron, green heron, little blue heron, great
egret, snowy egret, cattle egret, glossy ibis, black-crowned night heron, black-necked stilt,
greater yellowlegs, and lesser yellowlegs (Table 2.4-6). Although there are no known
rookeries (colonial nesting grounds) within the PSEG Site or the 6-mi. vicinity, there is a large
rookery approximately 9 mi. north of the site on the Delaware River at Pea Patch Island. Pea
Patch Island is part of Fort Delaware State Park. The rookery is located on the northern,
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undeveloped end of the island and is the largest heron and egret rookery on the east coast of
the United States (Reference 2.4-36). Pea Patch Island provides breeding habitat for 5000 to
12,000 breeding pairs of wading birds (Reference 2.4-149). The nine species of birds that
breed at this rookery are the great blue heron, great egret, little blue heron, snowy egret,
cattle egret, yellow-crowned night heron, black-crowned night heron, glossy Ibis, and
tricolored heron (Reference 2.4-35).

24122 Mammals

In 2009-2010, qualitative surveys were conducted to identify mammal species found in the
various habitats at the PSEG Site. All surveys were conducted in 2009 except for the winter
sampling for the locations at the USACE CDF, which was conducted in January 2010. Prior to
initiating field surveys, a records review was conducted to identify mammals which may occur
in the region (Subsection 2.4.1 for a list of historical studies). This included information from
NJ and DE wildlife management agencies regarding game species that are legally hunted and
trapped in the vicinity, and agency consultation regarding listed mammal species that may
occur in the area. Figure 2.4-4 identifies mammal survey locations. Methods used in the
mammal survey included general site reconnaissance and observation, road kills, and
incidental observations along study transects (Subsection 2.4.1.2.1). Additionally,
representative portions of the proposed causeway and areas adjacent to the existing access
road were surveyed qualitatively. The transects were surveyed on foot on two separate days
during each season (winter, spring, summer, fall) wherein two observers together inventoried
all mammals seen or heard within approximately 65 ft. of the transect centerline.
Supplemental field studies within the PSEG Site and vicinity are used in part to characterize
the assemblage of mammal species and to aid in the identification of important species within
the PSEG Site. A prior comprehensive study by PSEG was used to characterize small
mammal communities of the marsh habitat. Over 4000 trap-nights of effort were conducted in
various marsh sites to identify small mammals (Table 2.4-4) (Reference 2.4-158).

The most common mammal species observed during the 2009-2010 field surveys included
white-tailed deer, raccoon, eastern cottontail, opossum, and eastern gray squirrel. Mammal
species not observed in 2009-2010 but previously collected, include the short-tailed shrew,
meadow vole, house mouse, marsh rice rat, white-footed mouse, Norway rat, masked shrew,
and meadow jumping mouse. In the winter 2009, a black bear (incidental) was observed by
PSEG plant security. The list of mammals observed or expected to occur on-site and within
the site vicinity is recorded in Table 2.4-4. Many species of bats and other mammals expected
to occur near the site are active mainly at night and were not readily observed during the field
studies.

24.1.2.3 Herpetofauna

Qualitative surveys were conducted in the spring, summer and fall of 2009 to identify
herpetofauna species found in the various habitats at the PSEG Site. Prior to initiating field
surveys, a records review was conducted to identify herpetofauna expected to occur in the
region. This review included information from NJ and DE wildlife management agencies
regarding records and established ranges of representative species and agency consultation
regarding listed herpetofauna which may occur in the area. These records searches were
supplemented with additional field studies conducted in 2009. Herpetofauna survey locations
are identified on Figure 2.4-4.
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Methods used in the reptile and amphibian survey included general site reconnaissance and
observation, spring night-time audio surveys (breeding chorus) for calling frogs and toads, and
transect surveys along the same eight study transects as described in Subsection 2.4.1.2.1 for
birds and Subsection 2.4.1.2.2 for the mammals (Figure 2.4-4). Additionally, representative
portions of the proposed causeway and areas adjacent to the existing access road were
qualitatively surveyed. Supplemental field studies within the PSEG Site and vicinity are used
in part to characterize the assemblage of amphibian and reptile species, and to aid in the
identification of important species within the PSEG Site.

The most common herpetofauna species observed or heard during field surveys included the
eastern painted turtle (Chrysemys picta picta), northern spring peeper (Pseudacris crucifer),
and southern leopard frog (Rana sphenocephala). In July 2009, green tree frogs (Hyla
cinerea) were observed at the PSEG Site in ponds within the desilt basins in the northwestern
portion of the site. It is a resident species of DE and has not been previously recorded in NJ.

The list of herpetofauna observed on-site and within the vicinity of the PSEG Site is recorded
in Table 2.4-5, including those recorded during an intensive historical study on Artificial Island
(Reference 2.4-87). Federal and/or NJ listed turtles include the loggerhead, Atlantic green,
leatherback, Hawksbill, and Kemp’s ridley, and, therefore are considered important species.
None of these species were observed at the PSEG Site in the 2009 studies.

2413 Important Terrestrial Species and Habitats

The NJDEP, DNREC, and USFWS were consulted for information regarding sensitive species
and habitats in the vicinity of the PSEG Site (References 2.4-38 and 2.4-142). Letters of
correspondence, phone conversations, and personal meetings were held with NJDEP and
DNREC to obtain agency input regarding threatened and endangered species, sensitive
habitats, commercial and recreational species, and other characteristics for the site and
vicinity. Although a response has not yet been received from USFWS regarding the new plant,
USFWS did correspond with PSEG in response to a request for information on the presence
of threatened and endangered species in support of the HCGS and SGS license renewal
applications (References 2.4-203 and 2.4-204). Information from these consultations was
used as the basis for identifying important species and habitats.

NUREG-1555 defines important species as:

e Species listed or proposed for listing as threatened or endangered by the USFWS or
the state in which the project is located

o Commercially or recreationally valuable species
Species essential to the maintenance and survival of rare or commercially or
recreationally valuable species

e Species critical to the structure and function of local terrestrial ecosystems

e Species that could serve as biological indicators of effects on local terrestrial
ecosystems

Table 2.4-7 provides a tabulation of recorded endangered and threatened species identified
through correspondence with resource agencies as potentially occurring in the region
surrounding the PSEG Site. Each of the listed bird species potentially occurring in the study
area are listed by NJ and/or DE and are not federally listed species. Each of these species
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has either been observed historically in the vicinity of the PSEG Site (Reference 2.4-158) or
has been observed recently as part of the ESPA data collection activities. Most of these
species are widely foraging (bald eagle and red-shouldered hawk) or species associated with
upland habitats (Cooper’s hawk and red-headed woodpecker) that are unlikely to nest in the
immediate project area. By comparison, ospreys are known to nest on transmission towers
along both access corridors. Northern harrier is a ground nesting and widely foraging species
that may also nest in the study area. The remaining species (fish and sea turtles) listed in
Table 2.4-7 are discussed in Subsection 2.4.2.2.1.

Table 2.4-8 lists each terrestrial species considered to be important for the PSEG Site and
vicinity, according to the criteria in NUREG-1555. Each of these species is discussed in more
detail in the following subsections.

2.4.1.3.1 Birds

Based on the results from the 2009-2010 survey, as well as sightings from the other recent
bird surveys, 20 bird species are identified as important species at or in the vicinity of the
PSEG Site. These species are considered important because they are either state listed in NJ
or DE as endangered or threatened, or are of recreational value to the public.

2.4.1.3.1.1 Cooper’s Hawk

The Cooper’'s hawk (Accipiter cooperii) is a state listed species whose breeding population is
listed as threatened in NJ. The non-breeding population is designated as stable (Table 2.4-8).
In the early part of the 20" century, Cooper’s hawks were shot and killed as they were
suspected to prey upon poultry and game birds. Through the 1950s and 1970s, habitat loss
and the pesticide dichlorodiphenyltrichloroethane (DDT) had a significant impact on the NJ
Cooper’s hawk population. This triggered its listing as endangered in NJ in 1974. With the ban
of DDT and the reforestation of many lands, Cooper’s hawk populations began to recover
sufficiently to support the reclassification of this species in NJ, from endangered to
threatened, in 1999. The loss of large forests remains the primary reason for its continued
protection (Reference 2.4-135).

Cooper’s hawks have historically inhabited large tracts of deciduous, coniferous, and mixed
forests. As forested landscapes have fragmented, the Cooper’s hawk has adapted by
inhabiting smaller woodlots within agricultural, suburban, and urban landscapes. Nests are
built against trunks in mature trees 20 to 90 ft. high. Nesting occurs from early April to mid-
June and clutch sizes typically consist of four eggs. The incubation period is 30 to 35 days.
The young are fledged by mid-September (Reference 2.4-29).

The Cooper’s hawk is largely a predator of other birds. Up to 80 percent of a Cooper’s hawk’s
diet is other birds and the remainder is composed of mammals. Size of avian prey ranges
from smaller birds, such as warblers and sparrows, to larger birds, such as quail and flickers.
Typical mammal prey is squirrel and rabbit. Cooper’s hawks use either an ambush or a stealth
approach to collect prey on the ground, in flight, or in trees and shrubs (Reference 2.4-29).

Cooper’s hawks were rarely observed on-site or in the vicinity of the PSEG Site during the
2009-2010 field survey, and were only observed in the fall. On-site, one Cooper’s hawk was
observed perched in a small tree (one of the few trees present) near the northwest corner of
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the site. Based on forested habitat requirements, this species is likely incidental to the site, but
could be a resident of the site vicinity. It has also been observed near the PSEG Site in
previous surveys (Reference 2.4-29) (Table 2.4-6).

24.1.31.2 Red-Shouldered Hawk

The red-shouldered hawk (Buteo lineatus) is not a federally listed species, but in the State of
NJ the breeding population is listed as endangered and the non-breeding population is listed
as threatened (Table 2.4-8). As with many birds of prey in the early to mid-1900s, red-
shouldered hawks were shot and killed because of the suspicion that they preyed on poultry
and game species. Habitat loss in the form of forest clearing and the filling of wetlands caused
populations to decline. The state’s breeding pairs were estimated at 36 by the late 1980s and
early 1990s. Based on this information, the red-shouldered hawk was reclassified as state
endangered in 1991 (Reference 2.4-135).

Suitable habitat for the red-shouldered hawk is typically associated with some form of water
(swamp, marsh, river, stream, or pond), but varies from bottomland hardwoods and riparian
areas to upland deciduous and mixed forests. Nests are constructed in trees 30 to 60 ft. high,
near main trunks and below the canopies, in deciduous or mixed forests. Nesting occurs from
late March to early May and clutch sizes usually contain 2 to 4 eggs. The incubation period is
approximately 33 days. The young are typically fledged by September (Reference 2.4-30).

The red-shouldered hawk is a bird of prey feeding on mammals, birds, reptiles, and
amphibians during daylight hours. The red-shouldered hawk perches atop the forest canopy
(6 to 15 ft. high) and drops down on prey. Typical perches, other than trees, include poles,
fences, and hay bales. These hawks may also occasionally hunt from the ground by catching
prey as it emerges from a burrow (Reference 2.4-30).

No red-shouldered hawks were observed during the 2009-2010 field survey. However, they
have been identified in recent years near the site by the Audubon Society Christmas Bird
Count (Reference 2.4-7) (Table 2.4-6).

24.1.3.1.3 Northern Harrier

The northern harrier (Circus cyaneus) is not a federally listed species, but is listed as
endangered by NJ and DE (Table 2.4-8). Once a thriving bird of prey, the northern harrier was
shot and killed due to suspected predation on poultry and other game birds. Populations
continued to decline through the 1900s as a result of habitat loss due to the draining and filling
of coastal wetlands. In the 1950s and 1960s, northern harrier populations further declined
from reproductive failure caused by the pesticide DDT (Reference 2.4-135).

The northern harrier inhabits open areas such as tidal marshes and estuaries, wetlands,
pastures, grasslands, meadows, and woodland areas. Unlike most other hawks and raptors,
the northern harrier nests on the ground in the higher and drier portions of the marsh, field, or
meadow. Nests are constructed of sticks and grasses. Clutch sizes usually consist of 4 to

5 eggs which are incubated for 31 to 32 days. The young are fledged from the nest at 30 to
35 days (Reference 2.4-143).
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Northern harriers prey upon rodents, small mammals, frogs, reptiles, insects, small birds, and
the carcasses of dead animals. Similar to an owl, the northern harrier has a facial disk that
provides directional hearing. With the addition of their soft feathers for quiet flight, the northern
harrier is an exceptional hunter able to fly low and silent to plunge on unsuspecting prey
(Reference 2.4-143).

During 2009-2010 field survey, northern harriers were commonly observed in all seasons near
open areas both on-site and in the vicinity of the PSEG Site. Northern harriers were observed
foraging above the marsh. Although northern harriers were not observed nesting on-site or in
the vicinity of the PSEG Site, they are ground nesters and could be nesting near the study
area. The northern harrier was also identified near the PSEG Site by USGS and the Audubon
Society (References 2.4-213 and 2.4-7) (Table 2.4-6).

241314 Bald Eagle

While the bald eagle (Haliaeetus leucocephalus) is no longer a federally listed species, it is
listed in NJ and DE as endangered and it is also protected federally under the Bald and
Golden Eagle Protection Act. In the vicinity of the site, its NJ status is listed as endangered for
foraging habitat (Table 2.4-8). Even before the use of DDT, habitat destruction, shootings, and
poisonings had already reduced the population of bald eagles. By 1970, only one bald eagle
nest remained in NJ, and it was listed as endangered (Reference 2.4-135). With the ban of
DDT in 1972, captive breeding programs, reintroduction efforts, law enforcement, and nest
site protection, the bald eagle has recovered to a point where there are an estimated 53
breeding pairs in NJ, and 39 breeding pairs in DE (Reference 2.4-202).

Bald eagles roost in forested areas (Reference 2.4-135), but forage in areas near water such
as rivers, lakes, and marshes. They nest in the tops of large, mature trees and typically reuse
their nests year after year. Nests are very large reaching up to 10 ft. across and can weigh up
to one-half ton. Typical clutch sizes range from 1 to 3 eggs which hatch in approximately 35
days. The young can fly within 3 months and are fully fledged a month later (Reference 2.4-
202).

Bald eagles are very large, weighing up to 14 Ib., and have a wingspan of 8 ft. Due to their
large size, they require a large forage base. The main prey item for a bald eagle is fish, but
they also feed on waterfowl, turtles, rabbits, snakes, and other small animals (Reference 2.4-
202). Bald eagles use a sit and watch foraging behavior, relying on large perch trees near
water. In NJ, ideal locations for foraging are the Delaware River, Delaware Bay, and
associated tidal marshes (Reference 2.4-135)

During the 2009-2010 field survey in all seasons, bald eagles were occasionally observed
flying on-site and perched along the Delaware River at the south end of the PSEG Site. On-
site use by the bald eagle is likely for foraging. It has been identified in recent years near the
site in the Audubon Society’s Christmas Bird Count (Reference 2.4-7) (Table 2.4-6). In nesting
surveys conducted annually by the NJDEP, during the 5-yr span from 2004 to 2008, bald
eagles have nested within a 6-mi. radius of the PSEG Site (References 2.4-136 through 2.4-
140). Two nests were observed, one near the town of Elsinboro, and the other along Alloway
Creek.
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241315 Osprey

The osprey (Pandion haliaetus) is not a federally listed species, but its breeding population is
listed by NJ as threatened (Table 2.4-8). In the 1800s, ospreys were an abundant species in
NJ, but population declines have been attributed to habitat loss, elimination of nest trees, egg
collecting, shootings, and reproductive failure attributable to the use of DDT. Efforts to
improve reproductive success, such as banning the use of DDT, reintroductions, and the
construction of nesting platforms, slowly improved the number of breeding pairs in NJ
(Reference 2.4-135). Nest platforms have also been constructed by PSEG in the Alloway
Creek Watershed Wetland Restoration Site as part of the PSEG EEP program.

Ospreys inhabit areas close to water including coastal rivers, marshes, bays, and inlets, as
well as inland rivers and lakes. Nesting occurs on live or dead trees, man-made nesting
platforms, light poles, channel markers, abandoned duck blinds, or other artificial structures
close to water offering unobstructed views of the surrounding area. The osprey’s acceptance
and use of these artificial nesting sites has played a key role in this species’ recovery
(Reference 2.4-135). Nests are constructed of sticks, lined with softer vegetation. Breeding
begins in April or May. Nests typically contain 2 to 4 eggs that hatch in approximately 40 days.
Nestlings fledge 48 to 76 days later, but continue to receive food from their parents for 2 to

8 weeks after fledging (Reference 2.4-89).

The vast majority (99 percent) of an osprey’s diet consists of fish. Ospreys are very
opportunistic in that they eat whatever fish species are accessible. However, given the
abundances of fish in a given area, their diet may only consist of 2 to 3 species. Ospreys hunt
for prey while in flight rather than from a perch. Ospreys carry fish to perches for eating
(Reference 2.4-89).

During the 2009-2010 field survey, ospreys were occasionally observed in the spring and
summer both on-site and in the vicinity of the PSEG Site (Table 2.4-6). Active osprey nests
were observed on transmission towers along the current access road, on the transmission
towers that run from the plant north towards Money Island Road, and on man-made nesting
platforms along Alloway Creek. Osprey have also been identified near the site in the USGS
Breeding Bird Survey (BBS) (Reference 2.4-213). In an osprey nesting and productivity study
conducted annually, beginning in 2006, by the NJ Division of Fish and Wildlife, it was reported
that the number of young per nest in the Salem County-Artificial Island area has averaged
between 1.7 and 2.0 birds from 2006 to 2008 (Reference 2.4-141). Additionally, The Nature
Conservancy conducted an annual nesting and productivity study beginning in 1999 on PSEG
EEP wetland restoration sites. The Alloway Creek wetland restoration site is the only site
within the 6-mi. vicinity of the PSEG Site. Nesting platforms have been monitored at this
wetland site since 2001. The number of young per nest has ranged from zero to three for
2001 to 2009. There are four nesting platforms on the Alloway Creek Watershed Wetland
restoration site. The number of active nests each year has varied (Reference 2.4-190).

2.4.1.3.1.6 Red-Headed Woodpecker

The red-headed woodpecker (Melanerpes erythrocephalus) is not a federally listed species,
but its breeding and non-breeding populations are listed by NJ as threatened (Table 2.4-8). In
the late 1800s, observations of several hundred red-headed woodpeckers were reported
during the fall migration in the northeast United States. At the turn of the 20" century, and into
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the 1970s, large population declines were evident as a result of mortality from vehicle
collisions, competition with the European starlings (Sturnus vugaris) for nesting sites, feather
harvest for hats, and farmers killing them because of damage to fruit and berry crops. As a
result of these population declines, NJ listed the red-headed woodpecker as threatened in
1979 (Reference 2.4-135).

Habitat for the red-headed woodpecker includes open woods, deciduous forests, forest edges,
river bottoms, orchards, grasslands with scattered trees and clearings (Reference 2.4-8). They
prefer habitats with dead or dying trees for use as nesting sites, and sparse undergrowth to
facilitate foraging (Reference 2.4-135). Red-headed woodpeckers are cavity nesters. Cavities
are 10 to 12 centimeters (cm) (3.9 to 4.7 inches [in.]) wide and 20 to 60 cm (7.9 to 23.6 in.)
deep, with an opening 5 to 6 cm (2.2 to 2.4 in.) in diameter. They typically lay 3 to 10 eggs
between April and July, followed by an incubation period of 12 to 14 days. They may produce
two broods a year. Young leave the nest 24 to 31 days after hatching. Both parents care for
the young (Reference 2.4-8).

Red-headed woodpeckers are omnivorous, with a diet including insects, spiders, worms, nuts,
seeds, berries, fruit, and occasionally small mammals. They may also eat the young and eggs
of bluebirds, house sparrows, and chickadees. These woodpeckers either search for food
from a perch or from the ground. Much of the food found by red-headed woodpeckers is
stored in existing natural or anthropogenic cavities or crevices (Reference 2.4-8).

No red-headed woodpeckers were observed during the 2009-2010 field survey, nor have they
been reported in the USGS BBS or the Audubon Society’s Christmas Bird Count (References
2.4-213 and 2.4-7).

241317 Northern Pintail

The northern pintail (Anas acuta) is considered an important species due to its recreational
value as a game species hunted in the vicinity of the PSEG Site. The northern pintail is one of
the most hunted ducks throughout its range. Since northern pintails migrate, they are
protected by the Migratory Bird Treaty Act, although hunting provisions allow for sport harvest.
In the summer, these birds are found in the Northern Hemisphere. In the winter, they migrate
south (Reference 2.4-167), with populations from NJ and DE probably over wintering in
Mexico.

Northern pintails are found in or near aquatic habitats such as marshes, ponds, lakes, rivers,
canals, and flooded grain fields. They mate in early May, but can lay a second clutch of eggs
as late as July if the nest is destroyed by predators or weather. A nest usually consists of a
clutch of 7 to 9 eggs with an incubation period typically 22 to 24 days. As soon as the young
hatch, the hen leads them to water to start foraging. The young can fly 46 to 47 days after
hatching. Sexual maturity is reached at the age of 1 year (Reference 2.4-167).

Newly hatched chicks forage on dead insects on the surface of the water, while juveniles and
adults forage under the water surface on snails, water bugs, and roots of aquatic plants.
Northern pintail also forage on grain in fields, naturally occurring seeded plants, pondweeds,
and grasses (Reference 2.4-167).
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Northern pintails were observed once in the spring in the northwest portion of the site during
the 2009-2010 field survey. It was not observed during any other season. Since this species
was observed only in the spring, it is likely that its use of the site is limited to the migratory
period. Additionally, northern pintails have been observed during the annual surveys
conducted by the USFWS in the vicinity of the PSEG Site (Reference 2.4-200) (Table 2.4-6).

24.1.3.1.8 Green-Winged Teal

The green-winged teal (Anas crecca) is considered an important species because of its
recreational value as a game species. It is hunted in the vicinity of the PSEG Site. Green-
winged teals are the second most hunted ducks in the United States. Green-winged teal
migrate, and therefore they are protected by the Migratory Bird Treaty Act, although hunting
provisions allow for sport harvest. During the breeding season, they are found throughout
Canada and the cooler climates of the northeastern United States. They winter in the western
and southern United States and parts of Mexico. Green-winged teal inhabit shallow inland
wetlands, ponds, and coastal marshes and exhibit a preference for areas with vegetation and
muddy bottoms. Green-winged teal feed in shallow water near the shoreline or in mudflats on
almost any aquatic plant, seed, or invertebrate. (Reference 2.4-171)

Courtship and pairing begins in September, and egg-laying is delayed until May. Nests
contain 5 to 6 eggs which are cared for solely by the female. The male leaves the female once
the eggs are laid. The incubation period typically lasts 23 days (Reference 2.4-171).

Green-winged teal were occasionally observed on-site and within the vicinity of the PSEG Site
in the winter and spring during the 2009-2010 field survey. Individuals were observed at
ponds in the northwest portion of the site and at a pond and marsh creek in the vicinity of the
site. This species was observed only in the late winter and spring, and likely uses the site
during migration or as part of its overwintering habitat. They have been observed in the
vicinity of the PSEG Site during the annual surveys (References 2.4-200 and 2.4-7)

(Table 2.4-6).

241319 Mallard

The mallard is considered an important species because of its recreational value as a game
species. It is hunted in the vicinity of the PSEG Site. Since mallards migrate, they are
protected by the Migratory Bird Treaty Act, although hunting provisions allow for sport harvest.
Mallards are abundant and widespread and are found in nearly every region of the Northern
Hemisphere. They are heavily hunted waterfowl species in North America (Reference 2.4-
168).

Mallards inhabit any productive waters, including wetlands, lakes, ponds, streams, and coastal
waters. Mallards consume many foods, including vegetation, worms, insects, gastropods,
arthropods, and grains from crops (Reference 2.4-168).

Courtship and pairing begins as early as October with mating occurring in March. Males leave
females soon after mating. Nesting consists of a clutch size of 9 to 13 eggs that are laid in a
ground nest near water. The incubation period typically ranges from 26 to 28 days. After the
breeding season, mallards form flocks and migrate south to feed until breeding resumes. In
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areas where food is abundant, mallards may over winter in the same area in which they breed
(Reference 2.4-168).

Mallards were commonly observed both on-site and in the vicinity of the PSEG Site in the
winter, spring, and fall during the 2009-2010 field survey. On-site, they were observed at a
number of locations including the Delaware River, marsh creeks, and ponds. In the vicinity of
the site, they were observed on ponds and marsh creeks. The birds were likely migratory at
the site and vicinity, foraging along their migration path. Mallards have also been reported in
the PSEG Site vicinity by the USGS BBS, USFWS, and Audubon Society (References 2.4-
213, 2.4-200, and 2.4-7, respectively) (Table 2.4-6).

24.1.3.1.10 American Black Duck

The American black duck (Anas rubripes) is considered an important species due to its
recreational value as a game species. It is hunted in the vicinity of the PSEG Site. Since
American black ducks migrate, they are protected by the Migratory Bird Treaty Act, although
hunting provisions allow for sport harvest. They breed from the central to north-central United
States and into Canada. They winter from the Gulf Coast of Florida (FL) to Bermuda
(Reference 2.4-17).

American black ducks inhabit a variety of both fresh and brackish waters, including lagoons,
marshes, bogs, lakes, ponds, streams, bays, and estuaries. They often select nesting sites
near or adjacent to agricultural lands during breeding season. Male-female pairing begins
towards the end of September and breeding occurs in March and April. Nests are made on
the ground, concealed by thick vegetation, and contain 9 to 10 eggs. Males typically leave the
female within 2 weeks of egg-laying. The incubation period lasts approximately 27 days. The
rate of nest destruction by crows and raccoons is high (Reference 2.4-17)

The diet of an American black duck consists of seeds and vegetation from both aquatic plants
and crops. They also eat a variety of invertebrates including insects, mollusks, and
crustaceans. They do not dive to feed, but do submerge their upper body when feeding in
shallow water (Reference 2.4-17).

American black ducks were commonly observed at the PSEG Site and vicinity in the winter,
spring, and summer during the 2009-2010 field survey. They were observed at various
locations on-site, including the Delaware River, marsh creeks, and ponds. In the vicinity of the
site, they were observed on ponds and marsh creeks. This species is likely to be a resident
and migrant within the vicinity of the PSEG Site. American black ducks have also been
reported from the PSEG Site vicinity by surveys (References 2.4-213, 2.4-200, and 2.4-7)
(Table 2.4-6).

2413111 Ring-Necked Duck

The ring-necked duck (Aythya collaris) is considered an important species because of its
recreational value as a game species. It is hunted in the vicinity of the PSEG Site. Ring-
necked ducks migrate, and therefore they are protected by the Migratory Bird Treaty Act,
although hunting provisions allow for sport harvest. Ring-necked ducks are found throughout
North America and the West Indies, with breeding range throughout most of Canada
(Reference 2.4-115).
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Ring-necked ducks habitat preference is shallow water areas with abundant aquatic
vegetation (submergent or emergent) including wetlands (Reference 2.4-84), marshes,
swamps, and bogs (Reference 2.4-115). Nests are constructed near open water on stands of
floating or flooded vegetation. Nest construction and care for the eggs and young are provided
solely by the female (Reference 2.4-84). Egg-laying occurs in May with a typical clutch size of
8 to 9 eggs, followed by an incubation period of 26 to 27 days (Reference 2.4-115).

Ring-necked ducks dive for food (Reference 2.4-84) consisting of seeds, pondweeds, and
tubers. Vegetation compromises approximately 80 percent of their diet. Additional elements of
their diet include insect larvae, mollusks, worms, and crustaceans (Reference 2.4-115).

Ring-necked ducks were occasionally observed on-site in the winter and spring during the
2009-2010 field survey. They were observed on ponds in the northwest portion of the site and
were likely just migrants. They have also been reported near the PSEG Site in previous
surveys (Table 2.4-6).

2.4.1.3.1.12 Greater Scaup

The greater scaup (Aythya marila) is considered an important species because of its
recreational value as a game species. It is hunted in the PSEG Site vicinity. Greater scaup
migrate and therefore are protected under the Migratory Bird Treaty Act, although hunting
provisions allow for sport harvest. The greater scaup breeds in the high Arctic and winters
along coastal areas of North America (Reference 2.4-14).

Greater scaups are found in lakes, rivers, near shore coastal waters, bays, estuaries, and
lagoons. They prefer shallower water for foraging. Breeding occurs in May or June in the
Arctic. They construct nests on the ground in shallow depressions near water, in thick
vegetation, cracks in rocks, or under woody shrubs (Reference 2.4-14). Nests usually contain
6 to 9 eggs that are incubated for 23 to 28 days. The female leads the young to water shortly
after hatching to feed. Young cannot fly until they are 40 to 45 days old (Reference 2.4-174).

Greater scaup are omnivores. Their diet consists mainly of mollusks in the winter, in addition
to insects, insect larvae, worms, crustaceans, small fish, roots, seeds, and other aquatic
vegetation (Reference 2.4-14).

Greater scaup were observed on-site only once in the winter during the 2009-2010 field
survey. This one occurrence was a flock of 131 birds observed on the Delaware River in the
south end of the site. These were likely migrants resting along their migration path. Although
the PSEG Site and vicinity are within their migration path, the greater scaup have not been
reported to occur in the PSEG Site vicinity in previous area surveys conducted by the USGS,
USFWS, Audubon Society (References 2.4-213, 2.4-200, and 2.4-7, respectively)

(Table 2.4-6).

2413113 Bufflehead

The bufflehead (Bucephala albeola) is considered an important species because of its
recreational value as a game species. It is hunted in the PSEG Site vicinity. Buffleheads
range throughout Canada and Alaska. Their migratory and non-breeding range extends
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through the United States and into northern Mexico (Reference 2.4-170). Buffleheads migrate,
and therefore they are protected by the Migratory Bird Treaty Act, although hunting provisions
allow for sport harvest.

Bufflehead are found in freshwater lakes or ponds. They are cavity nesters and seek out the
cavities excavated by northern flickers (Colaptes auratus), but also use nest boxes. They do
not excavate or modify the cavity after it is selected. Males and females form long-term
monogamous pair bonds. Six to 11 eggs are laid in May and are incubated for 28 to 33 days.
The young remain in the nest for one day after hatching and then are led to water
(Reference 2.4-170). Mature trees do not exist on-site. Consequently, there is no suitable
nesting habitat (tree cavities) available for buffleheads.

Buffleheads are diving ducks that feed in shallow open water. Their diet consists primarily of
insects, crustaceans, and mollusks. They also eat seeds from aquatic plants. Duckling
buffleheads are able to forage on their own almost immediately after hatching and are never
fed by a parent (Reference 2.4-170).

Buffleheads were rarely observed at the PSEG Site during the 2009-2010 field survey. One
winter observation occurred on a pond in the northwest portion of the site. They have been
reported to occur in the site vicinity in previous studies (References 2.4-213, 2.4-200, and 2.4-
7) (Table 2.4-6).

24.1.3.1.14 American Coot

The American coot (Fulica americana) is considered an important species because of its
recreational value as a game species. It is hunted in the PSEG Site vicinity. American coots
migrate and therefore are protected under the Migratory Bird Treaty Act, although hunting
provisions allow for sport harvest. Through the summer, American coots are found in southern
Canada and the northern United States. In the winter, they are found in the southern United
States from FL to California (Reference 2.4-15).

American coots inhabit many types of waterways, but are predominantly found utilizing the
shallow water of lakes, ponds, and marshes. They prefer freshwater, but occasionally occupy
brackish water. Mating occurs in May or June with both the male and female caring for the
eggs and young. Nests are constructed on the ground in vegetation close to the water. Nests
typically contain 8 to 10 eggs and are incubated for approximately 23 days. The young fly in 5
to 6 weeks, and are independent approximately 2 months after the hatch (Reference 2.4-15).

American coots dive for food consisting of fish, tadpoles, insects, amphibians, mollusks,
crustaceans, and benthic aquatic vegetation. Although American coots can forage for their
own food, they have been known to take food from other birds (Reference 2.4-15).

American coots were rarely observed at the PSEG Site during the 2009-2010 field survey.
One winter observation occurred on a pond in the northwest portion of the site and was likely
a migrant. American coots have been reported in the project vicinity by the Audubon Society
(Reference 2.4-7) (Table 2.4-6).
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2.4.1.3.1.15 Canada Goose

The Canada goose (Branta canadensis) is considered an important species because of its
recreational value as game species. It is hunted in the PSEG Site vicinity. Canada geese are
found all through the United States and North America. They typically spend the summer in
Canada, and then migrate south for the winter to the United States. Some Canada geese are
year-round residents where ample forage is available. Canada geese migrate and therefore
are protected under the Migratory Bird Treaty Act, although hunting provisions allow for sport
harvest (Reference 2.4-45).

Canada geese are found in open, grassy habitats near waterways. Aquatic habitats in which
they may be found include lakes, ponds, rivers, streams, and marshes. They may also be
found in man-made areas such as golf courses, agricultural lands, airports, and parks.
Canada geese breed as early as March and as late as June. Males and females pair for each
breeding season. Some pairs may stay together for more than one breeding season. Clutch
size ranges from 2 to 9 eggs and incubation lasts for 23 to 30 days. The female chooses the
nest site, builds the nest, and incubates the eggs. The male defends the nesting area. Nests
are constructed on the ground out of twigs and grass. After the young hatch, they are able to
follow the parents around. Both parents provide care for the young that fledge 68 — 78 days
after hatching (Reference 2.4-45).

Canada geese feed on vegetation on both land and in water. When on land, they eat grasses,
wheat, beans, rice, or corn. When in the water, they extend their necks underwater to sift the
bottom for vegetation. (Reference 2.4-45)

Canada geese were abundantly observed in all seasons at the PSEG Site and vicinity during
the 2009-2010 field survey. They were observed in a variety of habitats on the site including
the Delaware River and ponds. In the vicinity of the site, they were observed on ponds and
marsh creeks. These birds could have been either residents or migrants. They have been
reported in the vicinity of the PSEG Site by the USGS, USFWS, and Audubon Society (Table
2.4-6).

2.4.1.3.1.16 Snow Goose

The snow goose (Anser caerulescens) is considered an important species because of its
recreational value as a game species. It is hunted in the PSEG Site vicinity. Snow geese
breed in the northeast Arctic. They leave their breeding grounds in September and head south
to wintering grounds in the Midwest (Reference 2.4-95), portions of the western United States,
and along the East Coast states (Reference 2.4-28). Snow geese leave their wintering
grounds in March to return to the Arctic (Reference 2.4-95). Snow geese migrate and
therefore are protected under the Migratory Bird Treaty Act, although hunting provisions allow
for sport harvest.

Snow geese breed in the Arctic in low grassy tundra fairly close to water (lakes, rivers,
floodplains, seas). Mating season begins in April and nesting occurs in June. Snow geese
breed in colonies that can reach the tens of thousands. Nests are constructed on the ground
in shallow depressions having a layer of dry vegetation and down feathers from the mother.
Clutches size ranges from 3 to 5 eggs that are incubated for 23 to 25 days. Fledging of the
young occurs 45 to 49 days from the time they hatch (Reference 2.4-95).

Rev. 1
2.4-18



PSEG Site
ESP Application
Part 3, Environmental Report

Snow geese are herbivores, feeding on a variety of plants including the roots. Their bills are
especially strong for digging up roots. They forage on the aquatic vegetation in wetlands and
estuaries, but also frequently feed in agricultural fields containing corn, wheat, or oats.
(Reference 2.4-95)

Snow geese were abundantly observed in the winter and spring both at the PSEG Site and
within the PSEG Site vicinity during the 2009-2010 field survey. Flocks with as many as

1000 birds were observed flying along the Delaware River near the site and foraging in
agricultural fields in the vicinity of the site. These large flocks were likely migrants. They have
been reported in the PSEG Site vicinity during the annual Mid-Winter Waterfowl Survey
conducted by the USFWS for the years 2005 to 2009 (Reference 2.4-200), and the Audubon
Society’s Christmas Bird Count Survey for the years 2004 to 2008 (Reference 2.4-7) (Table
2.4-6).

24.1.3.1.17 Hooded Merganser

The hooded merganser (Lophodytes cucullatus) is considered an important species because
of its recreational value as a game species. It is hunted in the PSEG Site vicinity. They breed
at a number of sites across the United States and Canada. Wintering grounds include the
coast of California and Atlantic and Gulf coastal areas from DE to Texas (TX). Hooded
mergansers migrate and therefore are protected under the Migratory Bird Treaty Act, although
hunting provisions allow for sport harvest. (Reference 2.4-172)

Hooded merganser breeding habitat typically consists of forested wetlands. Their wintering
and migratory habitats include freshwater and brackish bays, estuaries and tidal creeks,
rivers, streams, ponds, and lakes. Breeding occurs in March and April. Hooded mergansers
nest in the cavity of trees or in man-made nest boxes 4 to 15 ft. off the ground. Clutch size
ranges from 7 to 15 eggs and the incubation period averages 33.5 days. The young are fully
fledged approximately 5 weeks after hatching. Hooded mergansers are a diving duck and feed
primarily on aquatic insects, fish, and crustaceans. (Reference 2.4-172)

Hooded mergansers were rarely observed at the PSEG Site during the 2009-2010 field
survey. One bird was observed at a pond in the northwest portion of the site in the winter.
They have also been reported to occur near the site during the annual Mid-Winter Waterfowl
Survey conducted by the USFWS and the Audubon Society’s Christmas Bird Count Survey
(Table 2.4-6).

24.1.3.1.18 Common Merganser

The common merganser (Mergus merganser) is considered an important species because of
its recreational value as a game species. It is hunted in the vicinity of the PSEG Site. In North
America, common mergansers may breed as far north as Canada and Alaska (Reference 2.4-
11), while wintering in the southwest, Midwest, and northeast United States (Reference 2.4-
27). Common mergansers migrate and therefore are protected under the Migratory Bird
Treaty Act, although hunting provisions allow for sport harvest.

Common mergansers have a preference for forested areas along streams and rivers, but can
also be found near lakes, ponds, and coastal waters. Males and females form breeding pairs
in the winter that last for at least one breeding season. Breeding occurs in May and June.
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Nesting occurs in the crevice of a tree, on the ground in tangled bushes, or in abandoned
hawk nests. Clutch sizes range from 9 to 12 eggs with an incubation period of 28 to 35 days.
The young are skillful divers within 8 days of hatching. The mothers leave the young within 30
to 50 days of hatching, before the young can fly. The young fledge and fly 60 to 85 days after
hatching (Reference 2.4-11).

Common mergansers are divers, locating their prey by sight. Common mergansers primarily
eat fish, but when fish are scarce they consume amphibians, insects, mollusks, worms, and
aquatic plants (Reference 2.4-11).

During the 2009-2010 field survey, common mergansers were occasionally observed both on
the PSEG Site and vicinity in the winter and were likely migrants. They were observed on the
Delaware River, at the south end of the site and in a marsh creek in the vicinity of the site.
They were also reported to occur in the PSEG Site vicinity during the annual Mid-Winter
Waterfowl Survey conducted by the USFWS for the years 2005 to 2009, and during the
Audubon Society’s Christmas Bird Count Survey for the years 2004 to 2008 (Table 2.4-6).

2.4.1.3.1.19 Red-Breasted Merganser

The red-breasted merganser (Mergus serrator) is considered an important species because of
its recreational value as a game species. It is hunted near the PSEG Site. In North America,
red-breasted mergansers breed in Alaska, the northern United States (Minnesota, Wisconsin,
Michigan, Maine), and Canada. Wintering grounds are along the coasts of the Atlantic Ocean,
Pacific Ocean, Gulf of Mexico, Great Lakes. They also winter along large inland waterways as
far south as Mexico. Red-breasted mergansers migrate and therefore are protected under the
Migratory Bird Treaty Act, although hunting provisions allow for sport harvest (Reference 2.4-
42).

Red-breasted mergansers are found in most types of water including ponds, lakes, rivers,
streams, and coastal areas in brackish or saltwater. They usually forage in shallow water, but
also been found to forage in deep water. Breeding occurs in the months of May to June.
Young hatch in July and fledge in September or October. Nests are constructed on the ground
near water, in thick vegetation, and consist of twigs, grasses, and feathers. Clutch sizes range
from 5 to 24 eggs that are incubated for 30 to 31 days (Reference 2.4-42).

The major part of the diet of the red-breasted merganser is small fish (more than 75 percent)
with the remaining part consisting of amphibians, fish eggs, aquatic worms, and crustaceans.
They prefer to dive for prey in shallow water, but hunt in deeper water if prey is abundant.
They hunt alone or with other red-breasted mergansers to herd schooling fish (Reference 2.4-
42).

During the 2009-2010 field survey, the red-breasted mergansers were only observed in the
spring at the PSEG Site. They were observed at a pond in the northwest portion of the site.
They have been reported to occur in the vicinity of the site during the annual Mid-Winter
Waterfowl Survey conducted by the USFWS, and during the Audubon Society’s Christmas
Bird Count Survey (Table 2.4-6).
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2.4.1.3.1.20 Wild Turkey

The wild turkey (Meleagris gallopavo) is considered an important species because of its
recreational value as a game species. It is hunted in the area of the PSEG Site. They are one
of the most widely distributed upland game bird of North America. The wild turkey is
distributed throughout most of the eastern United States, as well as portions of the western
United States and northern Mexico. (Reference 2.4-113)

The wild turkey’s preferred habitat consists of hardwood and mixed forests. They also spend
time foraging in open areas such as pastures, agricultural fields, orchards, and marshes.
Courtship begins in late January in the southern states and in late February in the northern
states. Males attract females by gobbling and strutting and breed with multiple females in one
breeding season. Females provide all parental care and build nests on the ground in thick
vegetation or cover. Clutches usually consist of 8 to 15 eggs that are incubated for 25 to 31
days. Young are able to walk and feed within 24 hr. of hatching. Male poults disperse in the
fall, while female poults stay with the mother until the next spring (Reference 2.4-113).

Wild turkey diet consists mostly of plant material including acorns, other nuts, seeds, buds,
and leaves. They also eat insects and salamanders. Wild turkeys mainly forage on the
ground, but occasionally perch on low shrubs and trees to eat fruits or buds (Reference 2.4-
113).

Wild turkeys were observed both at the PSEG Site and vicinity in all seasons during the 2009-
2010 field survey. On-site they were rarely observed due to lack of suitable habitat. However,
in the vicinity of the site where habitat is more suitable, wild turkeys were commonly observed.
This species is a resident of the area. They have also been reported near the PSEG Site in
the USGS BBS (Table 2.4-6).

24.13.2 Mammals

No federally or state listed mammals are reported for the PSEG Site and vicinity. Important as
game species, the white-tailed deer, river otter (Lutra canadensis), and muskrat (Ondatra
zibethicus) are identified as important mammal species at the PSEG Site. White-tailed deer
are considered important because they are recreationally hunted in the area of the PSEG Site.
The river otter and muskrat are considered important because they are commercially trapped
in the area of the PSEG Site.

2.4.1.3.2.1 River Otter

The river otter (Lontra canadensis) is considered to be an important species because it is a
species commercially trapped for its pelt. In North America, river otter is found throughout
Canada and the United States, with the exceptions of southern California, New Mexico, TX,
and desert regions of Nevada and Colorado, and along the Rio Grande and Colorado rivers in
Mexico (Reference 2.4-44).

River otters inhabit areas with access to water and a stable supply of food. These habitats
include both freshwater and coastal environments such as lakes, rivers, marshes, swamps,
and estuaries. As indicated by their distribution, they can tolerate both warm and cold
environments and a range of elevations. They generally avoid areas with polluted water. The
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river otter builds its den in the burrow of another animal or a natural cavity in a log or
riverbank. These dens usually have underwater entrances and tunnels leading to nesting
chambers. (Reference 2.4-44)

Male and female otters come together only for mating. One male usually breeds with several
females. River otters breed in the late winter or early spring with most of the young born in
March and April. The gestation period is typically two months, but young may be born up to
one full year after mating occurs as otters have the ability to delay implantation of the fertilized
egg. Breeding occurs once per year with the litter size ranging from 1 to 6. Young are born
with fur, and are dependent on the female parent to nurse and care for them. The young are
weaned at 3 months of age and are independent from 6 months to 1 year of age (Reference
2.4-44).

The diet of a river otter consists of prey found in or near water including amphibians, fish,
turtles, crayfish, crabs, and other aquatic invertebrates. Occasionally, river otter may eat birds,
eggs, small mammals, and aquatic plants. Otters normally catch fish species that are slower
moving, like suckers. Prey is captured by mouth and aided by whiskers that are able to detect
moving prey in the water (Reference 2.4-44).

River otters were observed at the PSEG Site and vicinity in the spring and summer during the
2009-2010 field survey. They were observed along the Delaware River in the south end of the
site and in the marsh along the plant access road in the vicinity of the site.

241322 Muskrat

The muskrat (Ondatra zibethicus) is considered an important species because of its
commercial value as a furbearer. They are distributed from northern North America to the
Mexican border, including the coast of the Gulf of Mexico (Reference 2.4-144).

Muskrats are found in aquatic environments including ponds, lakes, swamps, marshes, rivers,
and streams. They typically live in large family groups. Muskrats dig tunnels into banks for
shelter. They build nests atop a stable base (i.e., tree stump) piled with vegetation. In warmer
climates in the south, muskrats breed year-round. In colder climates in the north, muskrat
breeding is more limited. The gestation period is 29 to 30 days with litter sizes of
approximately six. Within 10 days of birth, young muskrats are able to swim. Within 21 days,
they are fully weaned. Within 30 days, they are independent. Parental care is provided solely
by the female parent (Reference 2.4-144).

Muskrats are primarily herbivores, eating aquatic vegetation and also agricultural crops. They
consume one-third of their body weight in food each day. In the summer, they prefer to
consume the roots of plants, including those abundant near the site (Phragmites sp. and
Spartina spp.). In the winter, they swim under the ice to eat those same plants (Reference
2.4-144).

Muskrats were observed at the PSEG Site and in the vicinity during the spring and summer.
Muskrats were observed near the ponds at the northwest portion of the site, and in marsh
habitats in the vicinity of the site. Several nesting mounds were observed in areas on-site and
within the vicinity, where both Phragmites sp. and Spartina spp. are prevalent.
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241323 White-Tailed Deer

The white-tailed deer (Odocoileus virginianus) is considered an important species because of
its recreational value as a game species. Limited deer hunting is authorized under controlled
conditions during archery season on specified, undeveloped portions of the PSEG Site to cull
the deer herd for automotive safety reasons. In North America, they are distributed throughout
most of the United States and southern Canada (Reference 2.4-43).

White-tailed deer inhabit a large variety of environments. They are found in large forests,
grasslands, swamps, farmland, and brushy-scrub areas with dense thickets that provide
shelter and edges to provide ample food. White-tailed deer are herbivores, feeding on a
variety of vegetation including shrubs, buds and twigs of trees, conifer twigs and cones, and
crops. They typically feed in the hours preceding and following dawn and dusk (Reference
2.4-43).

Mating occurs from October to December. If the doe does not mate during a 24-hr. period, she
comes into heat a second time, approximately 28 days later. The gestation period is

6-1/2 months. Bucks are polygamous and mate with several females in a breeding season. A
doe usually has one fawn during the first breeding year, with a litter of two and, uncommonly,
three or four in subsequent years. Fawns are able to walk at birth and are weaned at 8 to 10
weeks of age. Sexual maturity is reached during their second year (Reference 2.4-43).

White-tailed deer were observed in the PSEG Site and vicinity during the 2009-2010 field
survey in the Phragmites-dominated wetland habitat and more frequently in the old field
habitat. The old field habitat is the only area on-site that provides forage for white-tailed deer.
The old field habitat on-site is used intermittently as laydown and storage for the existing site
operations at SGS and HCGS.

24.1.3.3 Plant Communities

Characterization of terrestrial plant communities in the vicinity of the PSEG Site is based on
records review (recorded distributional records), agency consultation with NJDEP, DNREC,
and USFWS, and on-site investigation. On-site methods included vegetative cover type
mapping and field confirmation, general site reconnaissance, and transect surveys.
Pedestrian transect surveys (Figure 2.4-4) were performed during the growing season in the
spring, summer and fall 2009 to record the terrestrial plant species growing on-site.
Supplemental field studies within the site are used in part to characterize the assemblage of
terrestrial plant species, and to aid in the identification of important species within the PSEG
property boundary. Most of the site includes disturbed Phragmites-dominated wetlands and
old field habitat, therefore plant species typically encountered are generally opportunistic
weedy species. Common species on the PSEG Site include broomsedge (Andropogon
virginicus), common reed, mugwort, Queen Anne’s lace, and fescue, as described in
Subsection 2.4.1.1. Table 2.4-9 lists the terrestrial plants observed on-site during the 2009
surveys.

Using the methodology outlined in Subsection 2.4.1.3, the only terrestrial plants identified as

important at the PSEG Site are cordgrass species (Spartina spp.). Within the PSEG Site and
vicinity, cordgrass species include Spartina alterniflora, S. cynosuroides, and S. patens, all of
which are key or matrix species of salt and brackish tidal wetlands or marshes. Spartina spp.
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have generally been replaced within the PSEG Site and vicinity by an invasive strain of
Phragmites australis, common reed. Spartina spp. meet the definition of important species as
it is deemed critical to the structure and function of local terrestrial ecosystems, namely
coastal saltmarsh wetlands. PSEG actively manages for Spartina spp. in their EEP, wherein
monocultures of the invasive strain of Phragmites are controlled and/or tidal exchange is
reestablished to provide a competitive advantage to the native saltmarsh matrix species.
Consequently, Spartina spp. is abundant in the restored tidal marsh areas managed under the
EEP (Reference 2.4-159).

Spartina spp. are rhizomatous, perennial warm-season grasses common in saline or brackish
marshes of the intertidal zone along the Atlantic and Gulf coasts. Mature plants produce seed
in the fall, but seed viability is short-lived and variable (Reference 2.4-12). While seeds are
important for colonizing new areas, they appear to be unimportant in maintaining established
stands.

2.4.1.3.4 Important Habitats — Wetlands

Wetlands are under the regulatory authority and jurisdiction of the USACE and NJDEP and
are identified as important terrestrial habitat at the PSEG Site. The objective of the Clean
Water Act (CWA) is to maintain and restore the chemical, physical, and biological integrity of
the waters of the United States. Section 404 of the CWA authorizes the Secretary of the Army,
acting through the Chief of Engineers, to regulate, via a permit system, the discharge of
dredged or fill material into the waters of the United States, including wetlands. In NJ, coastal
wetlands are regulated under the NJ Wetlands Act of 1970 and freshwater wetlands are also
regulated under the NJ Freshwater Wetlands Protection Act. Development in coastal or
freshwater wetlands requires authorization in the form of permits from the NJDEP and
USACE.

Jurisdictional coastal wetlands in NJ are mapped by NJDEP. However, unmapped freshwater
wetlands must be delineated by the permit applicant. As stipulated in NJAC 7:7A-2.3,
freshwater wetlands on the PSEG Site were delineated in support of a request for a letter of
interpretation (LOI) (References 2.4-1). Wetlands in off-site areas potentially impacted by the
proposed causeway were also delineated as part of the ESPA in accordance with the Federal
Manual for Identifying and Delineating Jurisdictional Wetlands (Reference 2.4-51).

Most of PSEG Site is surrounded by degraded tidal marsh dominated by near monocultures of
the invasive strain of Phragmites australis, common reed. This is true of the majority of the
tidal marsh surrounding Hope Creek, Alloway Creek, and associated smaller marsh creeks.
The PSEG EEP manages the Alloway Creek Watershed Wetland Restoration Site just north of
Alloway Creek. Due to the ongoing management and restoration efforts, Phragmites
monocultures have been replaced by native saltmarsh species such as Spartina alternifiora,
S. cynosuroides, S. patens, Polygonum hydropiper, and Sagittaria latifolia. Some areas on
Artificial Island, such as the CDF (used by the USACE for placement of Delaware River
dredge spoils) and the PSEG Site desilt basins (used by PSEG to dispose of sediment and
dredge material removed from the intake structure, intake areas of the river, and barge slips)
have been diked and are no longer tidally influenced.

Figure 2.4-5 identifies the jurisdictional wetlands (considered important terrestrial habitat) on
the site mapped by NJDEP (coastal wetlands) and delineated on-site as part of the ESPA
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(USACE CDF facility and PSEG’s desilt basin, and freshwater wetlands). A total of 164.9 ac.
of coastal wetlands, 70.6 ac. of CDF/desilt basin wetlands, and 87.2 ac. of freshwater
wetlands have been mapped on the PSEG Site (Table 2.4-2).

Coastal wetlands on the PSEG Site consist of degraded systems that are characterized by
altered hydrology and a hydrophytic vegetation community that is dominated by a monoculture
of Phragmites. Most of the coastal wetlands occur in the northern portion of the PSEG Site
and extend to the contiguous coastal wetlands of Alloway Creek and Hope Creek marshes.
Channelized portions of marsh creeks are evident in Figure 2.4-5 that demonstrate the altered
hydrology of these on-site coastal wetlands.

Wetlands were also identified within the CDF and PSEG’s desilt basin in the northern portion
of the PSEG Site. The ponded water present in this area is due in part to lack of operational
drainage features within the CDF. The USACE operates the CDF intermittently. These
wetlands have been determined to be hydrologically perched systems (Section 2.3.2) that are
isolated from the adjacent coastal wetlands and have a hydroperiod that is primarily controlled
by precipitation. Water depth in both of these areas is very shallow, typically ranging from 1 to
3 ft. These communities are periodically disturbed as they occur in active, licensed disposal
facilities. Plant communities in these degraded wetlands are also of low quality and are
characterized by a monoculture of Phragmites.

Freshwater wetlands are primarily located on the eastern portion of the PSEG Site. These
systems are predominantly tidal wetlands that are contiguous with the coastal wetlands
mapped by the New Jersey Wetlands Act of 1970. Functionally they are similar to the coastal
wetlands and are tidally influenced systems. These systems are also dominated by a
monoculture of Phragmites.

PSEG submitted a request for a LOI to the NJDEP for the existing 734-ac. PSEG property. An
LOl is the official NJDEP determination establishing the presence, absence, or boundaries of
freshwater wetlands and transition areas on a given site. In addition to the LOI, a jurisdictional
determination (JD) request will be submitted to the USACE regarding the wetlands in the CDF
and desilt basins on-site. This provides the basis for the final PSEG Site wetland
determination and impact assessment. PSEG continues to work with NJDEP and USACE to
finalize wetland boundaries in accordance with the LOI and JD process.

2414 Disease Vectors and Pest Species

Disease vectors are defined as any organisms, most often insects and arthropods, which
transfer disease-causing pathogens from a host to humans (Reference 2.4-198). The Salem
County Department of Public Health was contacted to obtain information about the presence
of local disease vectors. On the PSEG Site, the only known disease vector is the blacklegged
or deer tick (/xodes scapularis) which transmits the bacterial pathogen (Borrelia burgdorferi)
from small rodents, squirrels, and deer to humans (References 2.4-18 and 2.4-19).

The only pest species on the PSEG Site is the invasive strain of common reed that crowds out
native wetland or marsh plant species. Non-native to NJ marshes, it first appeared in the
Delaware Estuary during the 1950s, following several years of repeated disturbance by
hurricanes (Reference 2.4-157). Common reed is a perennial grass species with stalks
growing to more than 12 ft. in height (Reference 2.4-197). A wetland species that occurs in
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marshes and along rivers, lakes, and ponds, it tolerates moderate salinity and thrives in
disturbed wetland areas (References 2.4-157 and 2.4-173). Once established in an area from
seed, it reproduces mainly through vegetative growth by rhizomes and stolons, which are
underground roots and stems that create large, dense stands of near monoculture
communities (References 2.4-157 and 2.4-197).

2415 Wildlife Travel Corridors

In diverse landscapes, wildlife travel along areas of favorable habitat connecting to areas
meeting their basic needs of food and shelter. On a local level, typical travel corridors on the
ground may include brushy or forested hedgerows, fencerows, stream riparian zones, or ridge
tops. The PSEG Site is essentially a landmass elevated above the surrounding coastal
habitats (marsh and river), and therefore it represents more of a habitat island than a wildlife
travel corridor. Habitats on the PSEG Site are dominated by early successional habitats and
do not represent travel corridors. Alloway Creek and the associated coastal wetlands are part
of an expansive coastal wetland complex that follows the coastline of NJ. This wide area may
be considered part of a larger corridor that could be used by fauna as part of dispersal and
seasonal movement within the project vicinity.

In the context of the region, the Delaware River makes up the west and south boundary for
the PSEG Site and is part of the Atlantic Flyway (Reference 2.4-4)(Figure 2.4-6). Many
migratory birds, especially waterfowl and shorebirds, use the Atlantic Flyway as a migratory
travel corridor between winter foraging grounds and spring/summer breeding grounds.
Additionally, raptors observed on-site (bald eagles, northern harriers, and ospreys) use the
Delaware River as a travel corridor when searching for foraging and nesting areas.

2416 Existing Ecological Effects and Environmental Stresses

The northeast and east portions of the PSEG Site consist of contiguous marsh habitat, while
the southwest portions of the PSEG Site consist of existing land uses that are actively used
for HCGS and SGS. Artificial Island is a man-made land mass created through the disposition
of Delaware River dredge spoils behind a naturally occurring sandbar and bulkhead.
Developed land uses for HCGS and SGS result in a disturbed landscape with limited habitat
value for wildlife use. Additionally, the habitats associated with the licensed disposal facilities
(e.g., the USACE CDF and PSEG'’s desilt basin) are also disturbed areas that are subject to
the effects of on-going disposal activities. However, resident wildlife can still use the large
areas of similar habitat to the north and east of the PSEG Site. The abundance and diversity
of species of mammals, reptiles and amphibians, and birds observed on-site or in the site
vicinity indicate that there is ample habitat in the area (Tables 2.4-4, 2.4-5, and 2.4-6,
respectively). Consequently, the degree of on-site disturbance does not present a substantial
source of stress to the health and stability of the surrounding ecosystems.

Upland areas in the southeast of the PSEG Site are characterized by a series of naturalized
mounds and old field areas. These features are associated with the laydown and disposal
area of HCGS and SGS construction materials. Over the years, this area has become
naturalized and saplings (e.g., eastern red cedar) have become established as part of an old
field habitat. Soils are poorly developed in this area of the site, therefore succession is
occurring slowly. However, this area provides some habitat diversity and additional wildlife
value relative to the common reed-dominated marsh that surrounds it.
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There are several water resources on-site. These resources include marsh creeks, the
Delaware River, and several artificial ponds. These water resources provide value (habitat for
food and shelter) to many species of mammals, waterfowl, shorebirds, amphibians, and
reptiles.

Based on the 2009-2010 field survey, there is no evidence that the PSEG Site has been
subjected to recent environmental stresses, such as insect and disease outbreaks or damage
from strong storms.

2417 Ongoing Ecological Studies

PSEG conducts various ecological monitoring near the new plant as part of the EEP in
conjunction with their NJPDES permit for SGS. Given the proximity of the new plant to SGS,
these studies are directly applicable for the new plant. The ongoing annual ecological
monitoring studies include:

Impingement and entrainment sampling at the SGS circulating water intake structure

e Fish monitoring in the Delaware River and marsh creeks by the use of trawls, seines,
and weirs

e Fish ladder monitoring at tributaries of the Delaware River

e Vegetative cover and geomorphology monitoring at four wetland restoration sites and
two reference sites

Since 1995, PSEG has conducted a comprehensive wetland restoration program and
biological monitoring program. The restoration program has successfully restored several
common reed-dominated and other degraded wetland areas as part of the program
encompassing more than 14,550 ac. throughout the Delaware Estuary in NJ and DE in
accordance with site-specific NJDEP approved Management Plans. The common reed
communities are treated using herbicide, or tidal exchange is reestablished to allow native
marsh species (such as saltmarsh cordgrass) to repopulate the wetland sites. The monitoring
is conducted in accordance with an NJDEP approved Improved Biological Monitoring Work
Plan program. Each site is monitored yearly for successful restoration (Reference 2.4-159).

24.1.8 Off-Site Transmission and Access Corridors
2.4.1.8.1 Off-Site Transmission

As stated in Chapter 1, PSEG is evaluating whether additional off-site transmission may be
necessary for transmission system stability, but the location and need have not yet been
determined.

In order to assess the potential effects of developing off-site transmission, PSEG analyzed
two new off-site macro-corridor alternatives as discussed in Subsection 9.4.3. The two, 5-mi.
wide macro-corridors analyzed are the South and West Macro-Corridors. The West Macro-
Corridor (55-mi. long) generally follows existing transmission line corridors, extending from the
PSEG Site to Peach Bottom Substation. The South Macro-Corridor (94-mi. long) also follows
existing transmission line corridors and is generally consistent with the MAPP line that is
preliminarily planned (but not currently approved by PJM) from the PSEG Site to the Indian
River Substation. Each of these macro-corridors is developed with a common segment. From
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the PSEG Site, the hypothetical macro-corridor extends north and then west across the
Delaware River to the Red Lion Substation. From this location, each of the potential macro-
corridors diverge extending to the west (Peach Bottom) or south (Indian River).

The characteristics of land cover within each hypothetical macro-corridor are presented in
Table 2.4-10. Based on overall differences in macro-corridor length, the total land area within
the South Macro-Corridor (316,429 ac.) is notably greater than the area contained within the
West Macro-Corridor (191,523 ac.). Cultivated cropland (121,895 ac., 39 percent) is the
largest land cover type within the South Macro-Corridor. Other major land cover types within
the South Macro-Corridor include combined wetlands (20 percent), deciduous forest (13
percent), pasture hay (11 percent), and open water (8 percent). Comparatively, pasture hay
(46,055 ac., 24 percent) is the largest land cover type within the West Macro-Corridor. Other
major land cover types within the West Macro-Corridor include cultivated cropland (19
percent), deciduous forest (18 percent), wetlands (14 percent combined), and open water
(11 percent).

In addition to the wetlands identified as part of the land cover analysis, National Wetland
Inventory (NWI) wetlands within the 5-mi. macro-corridor are presented in Table 2.4-11. A
total of 94,413 ac. of wetlands and open water areas mapped by NWI are contained within the
5-mi. wide South Macro-Corridor and 35,516 ac. within the West Macro-Corridor. Estuarine
and marine wetlands dominate the wetland types, accounting for 49,257 ac. in the South
Macro-Corridor and 15,362 ac. in the West Macro-Corridor. Freshwater forested/shrub
wetlands are the second most abundant type, accounting for 24,408 ac. and 7337 ac. in the
South and West Macro-Corridors, respectively. Estuarine and marine deepwater habitats
associated with the Delaware River are also common, accounting for 12,607 ac. in the South
Macro-Corridor, and 6680 ac. in the West Macro-Corridor. The other relatively common
wetland type represented within the macro-corridor area is freshwater emergent wetland,
consisting of 5457 ac. in the South Macro-Corridor and 4188 ac. in the West Macro-Corridor.

Additional discussion regarding potential off-site transmission and its potential impact is
provided in Chapter 4 (Impacts of Construction), Chapter 5 (Impacts of Station Operation) and
Chapter 9 (Alternatives).

24.1.8.2 Access Corridor

Additional access road capacity is needed to address the future transportation needs for the
PSEG Site. A new access is conceptually designed as a three-lane causeway to be
constructed on elevated structures for its entire length through the coastal wetlands. The
proposed causeway extends northeast from the PSEG Site along or adjacent to the existing
Red Lion transmission corridor to Money Island Road, with an at-grade roadway continuing to
the intersection of Money Island Road and Mason Point Road (Figure 2.4-3). The alignment
runs roughly 200 ft. east of, and parallel to, the existing Red Lion transmission line for most of
its length. Through the coastal wetlands, the causeway is constructed on elevated structures,
thereby reducing environmental impacts. Existing land uses along the alignment of the
proposed causeway are illustrated in Figure 2.4-3 and summarized as part of the vicinity in
Table 2.4-3. Additional discussion regarding the proposed access road and its potential
impact is provided in Chapter 4 (Impacts of Construction) and Chapter 5 (Impacts of Station
Operation).
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2.4.2 AQUATIC ECOLOGY
24.21 Aquatic Habitats
24211 Creeks and Ponds On or Near the PSEG Site

Water bodies on or near the PSEG Site include three ponds and a network of interconnected
marsh creeks (Figure 2.4-7). The marsh creeks include four major drainages — Mill Creek,
Alloway Creek, Fishing Creek, and Hope Creek. In addition, there are a large number of small
to medium size interconnected streams throughout the area north and east of the PSEG Site.
All but the most upstream intermittent segments of these streams are tidally influenced and
considered estuarine. All are connected to the Delaware River. Water in the streams ranges
from oligohaline (saline rating of 0.5 to 5 ppt) to mesohaline (saline rating of 5 to 18 ppt),
depending on the amount of freshwater discharge and the tidal height (Reference 2.4-86).

There are freshwater ponds in the northwest area of the PSEG Site. These water bodies are
artificial ponds that are located within the USACE CDF facility and PSEG’s active, licensed
desilt basin. The ponds are perched water bodies (Subsection 2.3.2) and are hydrologically
isolated from the adjacent coastal wetlands. Habitat associated with these water bodies is of
poor quality as they are characterized by shallow depth, and silt and sand substrates. They
are part of licensed disposal facilities, therefore their configuration and permanence are
transitory as they are subject to use as a disposal area for material dredged as part of on-
going maintenance activities. The CDF facility and desilt basins may not be considered
jurisdictional waters of the United States. As stated in Section 2.4.1.3.4, a jurisdictional
determination request will be submitted to the USACE regarding the determination of wetlands
in the CDF and desilt basins on-site.

Surveys of the benthic macroinvertebrates and fish inhabiting the ponds and the smaller
marsh creeks on or near the PSEG Site were performed from winter 2009 through winter 2010
(Figure 2.4-8). A ponar dredge was used to collect macroinvertebrates. This was the primary
methodology in historical studies from Artificial Island (References 2.4-25, 2.4-86, and 2.4-
178). Fish were collected using seines and weirs set at high tide and retrieved at low tide.
These methods are used in the EEP for PSEG’s SGS (Reference 2.4-159). As part of the
EEP, fish surveys of the larger marsh creek segments have been performed since 1995. The
systems sampled in those studies that are nearest the PSEG Site are Mill Creek and Alloway
Creek (north of the site) and Mad Horse Creek (east of the site) (Figure 2.4-9).

In ponds, results of the most recent surveys indicate that fish communities are numerically
dominated by small taxa such as sheepshead minnow (Cyprinodon variegatus), banded
killifish (Fundulus diaphanus), and mummichog (Fundulus heteroclitus), as well as juvenile
specimens of larger taxa such as common carp (Cyprinus carpio), pumpkinseed (Lepomis
gibbosus), and bluegill (Lepomis macrochirus) (Table 2.4-12). Total abundance was greater in
the spring, summer, and fall, compared to the winter survey, primarily reflecting recruitment of
young-of-the-year. Fish species richness was also lower in the winter. Benthic
macroinvertebrate communities consisted primarily of oligochaete worms (e.g. Limnodrilus
spp.) and non-biting midges (e.g., Chironomus); abundance in these systems was markedly
greater in the spring than in the fall (Table 2.4-13).
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Small creek fish collections in 2009 demonstrated numerical dominance by mummichog, with
occasional Atlantic menhaden (Brevoortia tyrannus) and sheepshead minnow (Table 2.4-14).
Mummichog is the most abundant species in all seasons. Richness is consistently low,
varying from one to three species except at Station AS-05 in the fall, where five species were
collected. Macroinvertebrate communities in small marsh creeks are largely comprised of
oligochaetes (Limnodrilus and other tubificids) and amphipods (primarily Gammarus daiberi
and Leptocheirus plumulosus) (Table 2.4-15). Total richness ranged from four to seven taxa in
these samples. In 2009, samples of macroinvertebrate communities from large marsh creek
segments, amphipods are numerically dominant; primarily represented by Corophium sp. and
Gammarus daiberi (Table 2.4-15). The amphipod, Leptocheirus plumulosus, the isopod
Cyathura polita, and the polychaete worm Nereis succinea are occasionally common.
Richness is low in these samples, varying from three to seven taxa. As was noted for the
pond habitats, macroinvertebrate abundance and taxonomic richness values were much lower
in the fall than in the spring.

In the most recent (2003 to 2007) EEP collections from larger segments of marsh creeks,
consistently abundant species are the bay anchovy (Anchoa mitchilli), Atlantic menhaden, and
white perch (Morone americana) (Table 2.4-16). Species generally common and occasionally
abundant include weakfish (Cynoscion regalis), striped bass (Morone saxatilis) and hogchoker
(Trinectes maculatus). Smaller marsh creek segments surveyed in the EEP over the same
period are generally dominated by mummichog, with bay anchovy, Atlantic silverside (Menidia
menidia), and white perch consistently common. Total richness ranges from 17 to 28 species
in the large marsh creek segments, but is lower (6 to 17 species) in the small segments
(Table 2.4-16).

24.21.2 Delaware River
24.21.2.1 Fish

An extensive amount of data exists to describe the fish community in the Delaware River near
the PSEG Site. Ecological studies near Atrtificial Island have been performed since the late
1960s (Reference 2.4-86). Annual summaries of impingement and entrainment at SGS from
1995 through 2007 are available as part of the PSEG EEP (References 2.4-153 through 2.4-
157 and 2.4-159 through 2.4-166). Impingement sampling was also performed at the HCGS in
1986 and 1987 (References 2.4-221 and 2.4-222). For this analysis, impingement and
entrainment data from the most recent 5 yr (2003 to 2007) at the SGS are the primary source
of information. The 13-yr SGS dataset and the HCGS dataset from the mid-1980s are each
compared to the 5-yr SGS dataset to evaluated sensitivity.

In addition to the impingement and entrainment collections, trawling and seining surveys have
been conducted annually in the Delaware River near the PSEG Site. Trawl collections were
performed using a 16-ft. semi-balloon otter trawl, with the nets towed on the bottom for

10 min. at a speed of 6 ft/sec against the direction of the tide (Reference 2.4-159). In 2003
and 2004, pelagic trawls were also performed. Sampling events were performed during
daylight hours once per month from April through November. Data from river zones 6 and 7
(RM 40 to RM 60) are considered for this analysis. Seining was performed using a 100-ft.
long, 6-ft. deep, bagged haul seine with one-quarter inch nylon mesh. The seine was set by
boat perpendicularly to the shore until the bag was reached. The remainder of the net was set
in an arc-like fashion back to shore (Reference 2.4-159). During daylight hours, one sampling
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event was performed per station twice monthly from July through October and once monthly in
June and November. As with the trawl collections, data from stations between RM 40 and RM
60 are considered for this analysis.

Impingement data from SGS reveal the high species richness of the fishery in the Delaware
River, with the catch including freshwater, marine, and anadromous species. Collections from
2003 through 2007 have been numerically dominated by white perch, Atlantic croaker, and
weakfish (Table 2.4-17). Other abundant species include hogchoker, bay anchovy, spotted
hake (Urophycis regia), striped bass, blueback herring (Alosa aestivalis), gizzard shad
(Dorosoma cepedianum), and Atlantic silverside. The total impingement density at SGS
ranged from 2424 to 4331 individuals per million cubic meters (m?) or 264.17 per million
gallons (Mg), with a 5-yr average of 3243 per million m>. Total richness varies from 50 to 61
species annually, with 82 species encountered over the 5-yr period. If the 13-yr SGS dataset
is considered, the same 10 species are the most abundant with regard to density, and the
order of abundance is similar (Table 2.4-18).

With regard to the comparison between SGS impingement from 2003 through 2007 and
HCGS impingement in 1986 and 1987, most of the abundant species (e.g., Atlantic croaker,
bay anchovy, weakfish and hogchoker) are the same at both stations (Table 2.4-19). Two
exceptions are white perch (among the most abundant species in SGS but not HCGS
samples) and naked goby (Gobiesoma bosc) (among the most abundant species in HCGS but
not SGS samples). Other species common in HCGS impingement samples but not in those at
SGS, include oyster toadfish (Opsanus tau), northern pipefish (Syngnathus fuscus), striped
cusk-eel (Ophidion marginatum), and American eel (Anguilla rostrata). Compositional
differences may be associated with intake locations, sampling methodology, and/or gear type
differences between the two studies. Seasonal variation in impingement density largely
reflects the differential collection of white perch and Atlantic croaker, which were the two most
abundant species in winter (accounting for 84 percent of the total catch), spring (46 percent),
and fall (83 percent) (Table 2.4-20). The summer samples were numerically dominated by
weakfish, which comprised 68 percent of the total, on average.

Total impingement density was greatest in the fall (2003 to 2007 mean equals 1,193 per
million m®) and least in the spring (483 per million m®). Total richness was highest in the fall,
with 62 species collected over the 5-yr period considered, followed by summer (57), spring
(53), and winter (46). Common species, other than the three mentioned above, generally differ
in abundance by season. Blueback herring was most numerous in winter samples, whereas
bay anchovy was more numerous in the spring. Gizzard shad and Atlantic silverside were
most numerous in fall and winter collections. Striped bass was most abundant in the summer
and fall. Hogchoker was abundant in the spring, summer, and fall, but not in the winter

(Table 2.4-20).

Entrainment data from SGS reflect numerical dominance by bay anchovy, and to lesser
extents, naked goby, striped bass, and Atlantic croaker (Table 2.4-21). Atlantic menhaden and
weakfish are also common. Total entrainment density over the 5-yr period ranges from 54 to
264 individuals per million m*, with a mean of 146 per million m>. Total richness typically
varies between 31 and 36 species, but was somewhat higher (44) in 2006. If the 13-yr SGS
dataset is considered, the same composition and abundance patterns are evident as in the 5-
yr data set. Bay anchovy and naked goby are the community dominants, with striped bass and
Atlantic croaker abundant, and weakfish and Atlantic menhaden common (Table 2.4-18).
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With regard to seasonal variation of entrainment, eggs are most numerous in the summer
(281,361 per million m*) and spring (142,777 per million m®) due to the high numbers of bay
anchovy (Table 2.4-22). Similarly, larvae were primarily encountered in summer (267,726 per
million m®) and spring (132,188), reflecting the differential seasonal abundance of several
community members, including bay anchovy (mostly summer), naked goby (mostly summer),
and striped bass (mostly spring). Atlantic croaker larvae are most numerous in the fall, and
Atlantic menhaden larvae are most numerous in the spring and fall. Juvenile specimens,
principally Atlantic croaker, are most abundant in the fall (54,607 per million m®). In the
summer, most juveniles were bay anchovy. Adults in entrainment samples are mostly bay
anchovy in the spring and naked goby in the summer and fall). Total richness in the larval
subset of the collections is greatest in the spring (28 species) and summer (27). In the juvenile
subset, richness ranges between 20 and 24 species in the spring, summer, and fall. Richness
is generally low (less than 10 species) in the egg and adult subsets of entrainment samples
(Table 2.4-22).

Results of bottom trawling surveys performed in the Delaware River in the vicinity of PSEG
Site from 2003 through 2007 generally reflect the same community composition as
demonstrated by the impingement surveys. Numerically dominant species include bay
anchovy, weakfish, Atlantic croaker, white perch, hogchoker, and spotted hake (Table 2.4-23).
Other consistently common species are American eel, striped cusk-eel, and oyster toadfish. In
pelagic trawl samples conducted in 2003 and 2004, bay anchovy, weakfish, and Atlantic
croaker were also abundant, but other species common in bottom trawl collections were not.
Only presence/absence data are available for seine collections of the 5-yr period examined.
This was done because abundance data were presented in percent composition rather than
raw numbers by each river segment. Generally, the same species were encountered as in the
trawl surveys. Exceptions were primarily small cyprinodontid species (e.g., mummichog,
striped killifish) or juvenile centrarchids but also included an Atlantic sturgeon in 2003. Total
abundance in bottom trawl surveys ranged from 6110 to 12,492 fish between 2003 and 2007
(Table 2.4-23). Greater abundance (18,087 to 19,166 individuals) was obtained in the pelagic
trawl samples of 2003 and 2004. Total richness is comparable among surveys of the three
methods, ranging from 21 to 34 species over the 5-yr period considered. No clear long-term
temporal patterns of either richness or abundance are evident.

242122 Macroinvertebrates

Benthic macroinvertebrate assemblages in the Delaware River near the PSEG Site were
surveyed using ponar dredge samplers from 1971 through 1976 (References 2.4-86 and 2.4-
178). Additionally, surveys of the benthic macroinvertebrate communities in the Delaware
River near the PSEG Site were performed in the spring and fall of 2009.

In the historical samples of the 1970s, the most diversely represented groups are the
polychaete worms (9 taxa), bivalve mollusks (8 taxa), and amphipod crustaceans (8 taxa)
(Table 2.4-24). Important taxa in terms of density and biomass include:

oligochaete worm (Paranais litoralis)

polychaetes (Polydora sp. and Scolecolepides viridis)
amphipods (Corophium lacustre and Gammarus spp.)
isopods (Cyathura polita and Edotea triloba)
opossum shrimp (Neomysis americana)
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barnicle (Balanus improvisus)

e decapod shrimps (sand shrimp [Crangon septemspinoza] and daggerblade grass
shrimp [Palaemonetes pugio])

e brachyurans (true crabs) — blue crab (Callinectes sapidus), estuarine mud crab
(Rhithropanopeus harrisii), and red-jointed fiddler crab (Uca minax)

Another commercially important benthic macroinvertebrate species, the eastern oyster
(Crassostrea virginica), was encountered in benthic studies near the PSEG Site, but in small
numbers (Reference 2.4-178).

Crustaceans, primarily amphipods and isopods, dominated the collections taken from the
Delaware River in 2009 (Table 2.4-25). Although abundance was not high in spring samples,
the isopod Chiridotea almyra and the amphipods Corophium lacustre, Gammarus daiberi, and
Monoculodes edwardsi were the most common species. Abundance was even lower in the fall
surveys. Taxa richness was generally low, ranging from 2 to 10 taxa in the spring, and from 0
to 3 in the fall.

24.2.2 Important Aquatic Species

NUREG-1555 defines important species as: (1) species listed or proposed for listing as
threatened, endangered, candidate, or of concern in 50 CFR 17.11 by the USFWS, or the
state in which the project is located; (2) commercially or recreationally valuable species;

(3) species essential to the maintenance and survival of rare or commercially or recreationally
valuable species; (4) species critical to the structure and function of local aquatic ecosystems;
or (5) species that could serve as biological indicators of effects on local aquatic ecosystems.

A list of aquatic species considered important in the project area was compiled based on
these criteria and is summarized in Table 2.4-26.

24221 Threatened/Endangered Species and Candidates for Listing

The NJDEP, DNREC, and USFWS were consulted for information regarding sensitive species
and habitats in the vicinity of the PSEG Site (References 2.4-38 and 2.4-142). Letters of
correspondence, phone conversations, and personal meetings were held with NJDEP and
DNREC to obtain agency input regarding threatened and endangered species, sensitive
habitats, commercial and recreational species, and other characteristics for the PSEG Site
and vicinity. A response has not yet been received from USFWS regarding the new plant.
However, USFWS has responded to a request for information on the presence of threatened
and endangered species within the project area of the HCGS and SGS in regards to PSEG’s
operating license renewal (References 2.4-203 and 2.4-204). Information from these
consultations was used as the basis for identifying important species and habitats.

Two fish and five turtle species listed as either federally endangered or state endangered by
NJ and/or DE are considered for this analysis (Table 2.4-26). The life history of each species
is summarized below along with known environmental requirements and distribution within the
Delaware River ecosystem.

In addition, seven species of unionid mussels are listed as threatened or endangered in NJ
and/or DE. These include three species in the genus Alasmidonta: dwarf wedge mussel (A.
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heterodon), triangle floater (A. undulata), and brook floater (A. varicosa); two species of
Lampsilis: yellow lampmussel (L. cariosa) and eastern lampmussel (L. radiata); tidewater
mucket (Leptodea ochracea) and eastern pondmussel (Ligumia nasuta). Dwarf wedge mussel
is also federally listed as endangered. While sometimes found in waters with tidal influence,
these are freshwater species and are unlikely to occur in the brackish marsh creeks on or
near the PSEG Site. However, all have been collected from the Delaware River watershed
(Reference 2.4-3). Three of the listed species, dwarf wedge mussel, brook floater, and eastern
lampmussel, have only been found in the upper Delaware River watershed, far upstream of
the site. Two species, triangle floater and eastern pondmussel, have been found in Delaware
River tributaries in Gloucester County, the next county upstream from Salem County. The
remaining two species, yellow lampmussel and tidewater mucket, have not been found closer
than Camden County, two counties upstream from Salem County. Given the lack of
documented distribution of these freshwater unionid mussel species within the immediate
vicinity of the PSEG Site, further discussion of their life history is not presented in this report.

242211 Shortnose Sturgeon

The shortnose sturgeon (Acipenser brevirostrum) is an anadromous bony fish federally listed as
endangered in 1967 (Reference 2.4-122).

Shortnose sturgeon inhabit rivers and estuaries along the east coast of North America from the
St. John River in New Brunswick, Canada to the St. Johns River in FL (Reference 2.4-122). The
type specimen of this species was collected in the Delaware River (Reference 2.4-92). Their
current distribution in the system is considered to be from Philadelphia, PA upstream to Trenton,
NJ (Reference 2.4-122). Masnik and Wilson report 36 specimens collected in the Delaware
River from 1954 to 1979, primarily in gill nets and bottom trawls (Reference 2.4-108). A
shortnose sturgeon was collected in a bottom trawl from the Delaware River near the PSEG Site
in 2004 (Reference 2.4-162).

Shortnose sturgeon prefer nearshore marine, estuarine, and riverine habitats within large river
systems (Reference 2.4-122). Freshwater feeding habitats for adults are over shallow (1 to 5 m
[3.3 to 16.4 ft.]) muddy bottom areas with abundant macrophytes in the spring, and deeper 5 to
25 m (16.4 to 82.0 ft)) water from late summer through winter. In saline waters, shortnose
sturgeon are known to feed over sandy mud or mud bottoms at depths of 5 to 10 m (16.4 to
32.8 ft) (Reference 2.4-33). Spawning habitat is upriver in the faster-moving fresh water areas of
rivers over gravel to rubble-sized substrate (Reference 2.4-34).

Male shortnose sturgeon are sexually mature at 2 to 13 yr of age, with the length of time to
maturation increasing moving northward in latitude. In females, sexual maturity is delayed an
additional 3 to 4 yr. Spawning appears to occur near the middle of April in the Delaware River.
Eggs sink to the bottom and adhere to the substrate, with hatching occurring 8 — 13 days later.
At hatching, larvae are dark grey with large yolk sacs. Early growth is rapid (Reference 2.4-34).
Shortnose sturgeon feed primarily on benthic organisms, such as crustaceans and insect larvae
and on gastropods (Reference 2.4-33). Shortnose sturgeon longevity appears to be in excess of
30 yr throughout its range (Reference 2.4-34).

Although the shortnose sturgeon was rarely a target of commercial fishing, it was frequently
taken incidentally in Atlantic sturgeon harvests (Reference 2.4-122). The decline in this
species between 1900 and the 1950s may have been due to incidental harvest and
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destruction of large numbers by the shad fishing industry, in combination with a decline in
water quality (particularly with regard to low dissolved oxygen levels prior to sewage treatment
advances) in the freshwater portion of their ranges (Reference 2.4-108). In addition,
construction of dams on river systems likely resulted in substantial loss of habitat or limitation
of access to historical spawning grounds (Reference 2.4-122).

242212 Atlantic Sturgeon

The Atlantic sturgeon (Acipenser oxyrinchus) is on the candidate species list under the
Endangered Species Act (ESA) (Reference 2.4-130). It is also listed as an endangered
species in Delaware (Table 2.4-26).

The Atlantic sturgeon was historically present in approximately 40 rivers between St. Croix,
Maine (ME) to the St. Johns River in FL (Reference 2.4-123). The current reported range is
slightly smaller, from the Kennebec River in ME to the Satilla River in Georgia (GA). Spawning
is reported to occur in at least 14 rivers within this range (Reference 2.4-130). It is believed
that the Delaware River historically supported a large stock of Atlantic sturgeon. Gill net
surveys by the DE Division of Fish and Wildlife collected over 1700 juveniles near Artificial
Island and the Cherry Island Flats (slightly upstream) between 1991 and 1998.(Reference 2.4-
6) Atlantic sturgeon individuals were collected in 2006 and 2007 SGS impingement collections
(References 2.4-159 and 2.4-160).

For spawning, Atlantic sturgeon prefer silt-free, high gradient habitat over boulder, bedrock,
gravel-cobble and/or coarse sand substrates. Juveniles and adults often congregate in upper
estuary habitats near the saltwater interface, traveling in both directions throughout the
summer and fall. Adults may spend years between spawning periods in marine waters.
(Reference 2.4-76).

Atlantic sturgeon mature late, and reportedly begin spawning at ages of 12+ yr for males to
15+ yr for females. Spawning adults migrate upriver in the spring and early summer. Eggs are
demersal and adhere to bottom substrates. Hatching occurs in 4 to 6 days, and larvae absorb
their yolk sacs in another 10 days then begin downstream movement. Juveniles continue to
migrate downstream to estuarine waters. Individuals grow rapidly, and may later move to
coastal waters (Reference 2.4-47). Atlantic sturgeon is a long-lived species, with a 60-yr old
specimen once reportedly encountered (Reference 2.4-123).

A major fishery for Atlantic sturgeon existed in the late 1800s to support a caviar market
(Reference 2.4-6). The Delaware River once supported the largest known population of the
species. A recent telemetry study indicated that although a remnant population of spawning
Atlantic sturgeon exists in the Delaware River, it is too early to determine whether recovery is
occurring (Reference 2.4-177). While over harvest likely led to the initial collapse of the
fishery, factors continuing to impede recovery include habitat loss due to dam construction,
water pollution (particularly that associated with hypoxic events), and salinity changes.

242213 Loggerhead Turtle

The loggerhead sea turtle (Caretta caretta) has a particularly large head housing powerful jaw
muscles (Reference 2.4-126). Its shell and legs are reddish-brown, with brown to yellow
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markings over the remainder of its body. It can grow to approximately 3 ft. in length and weigh
approximately 250 Ib. on average (Reference 2.4-126).

Loggerhead turtles are highly migratory. Adult loggerheads are known to make extensive
migrations between foraging areas and nesting beaches (Reference 2.4-210). The loggerhead
turtle is globally distributed. It inhabits tropical, subtropical, and temperate waters of the
Indian, Pacific, and Atlantic oceans (Reference 2.4-196). The ESA listed the loggerhead turtle
as threatened throughout its range on July 28, 1978 (Reference 2.4-126). DE and NJ list the
loggerhead turtle as endangered (Reference 2.4-196).

Most of the populations in the United States occur in FL and along the coastal islands of GA
and the Carolinas (Reference 2.4-196). A small number of loggerheads nest regularly in
Virginia (VA) and less often north to NJ. Nesting has recently occurred on barrier islands
along the TX coast. Delaware Bay and Chesapeake Bay are important summer habitat for
juveniles. During the summer, loggerhead turtles migrate from their nesting beaches in the
Carolinas and GA into and near Delaware Bay. Loggerhead turtle densities in Delaware Bay
are similar to that in Chesapeake Bay (Reference 2.4-126). It is unclear whether the turtles
over-winter in Delaware Bay.

The loggerhead is wide-ranging. It may be found hundreds of miles out to sea, as well as in
inshore areas such as bays, lagoons, salt marshes, creeks, ship channels, and the mouths of
large rivers. Loggerheads nest on ocean beaches and occasionally on estuarine shorelines
with suitable sand. Most loggerhead hatchlings originating from United States beaches are
believed to lead a pelagic existence in the North Atlantic gyre for an extended period of time,
perhaps as long as 10 to 12 yr (Reference 2.4-210). Once they reach a certain size, these
juvenile loggerheads begin recruiting to coastal areas in the western Atlantic where they
become benthic feeders in lagoons, estuaries, bays, river mouths, and shallow coastal waters.
Loggerhead turtles eat many types of invertebrates, in particular mollusks and crustaceans.
This can cause change in the seabed due to mining the sediments for their favorite prey
(Reference 2.4-126). These juveniles occupy coastal feeding grounds for a decade or more
before maturing and making their first reproductive migration; the females returning to their
natal beach to nest (Reference 2.4-210).

There is no reported loggerhead turtle nesting along Delaware Bay beaches, though they do
forage in the bay. Loggerhead turtles are the most commonly observed sea turtle species in
the vicinity of SGS. In 1991, 23 loggerhead sea turtles were recovered from the SGS cooling
water intake area. Mitigation measures to reduce incidental intake of sea turtles at the SGS
were implemented in 1992 to 1993. Between 1993 and 2001, six loggerhead turtles were
stranded at the SGS; none since 2001. The condition of the animals or reasons for their take
are not known. In the early 1990s, sonic and satellite tracking studies of loggerhead sea
turtles incidentally taken at the SGS were conducted. These studies indicate that the released
turtles did not show a particular affinity for the SGS intake but rather moved throughout the
estuary.

242214 Atlantic Green Turtle

Green turtles (Chelonia mydas) derive their name from their greenish-colored fat (Reference
2.4-118). Adults have a smooth carapace (upper shell) that is usually brown, with a lighter
plastron (bottom shell) and light brown heads with yellow markings. The adult green sea turtle
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grows to a maximum size of approximately 4 ft. and a weight of approximately 440 Ib.
(Reference 2.4-206). The ESA listed the green turtle on July 28, 1978. In United States
Atlantic and Gulf of Mexico waters, green turtles are found in inshore and nearshore waters
from TX to Massachusetts (MA), the U.S. Virgin Islands, and Puerto Rico (Reference 2.4-
118).

The green turtle is globally distributed and generally found in tropical and subtropical waters
along continental coasts and islands between 30 degrees north and 30 degrees south. Green
turtles are thought to inhabit coastal areas of more than 140 countries and nest in over

80 countries. In the United States, green turtles nest primarily along the central and southeast
coast of FL. Present estimates range from 200 to 1100 females nesting annually. They do not
nest in DE or NJ. The breeding populations in the United States are listed as endangered;
elsewhere in the United States the species is listed by the federal government as threatened
(Reference 2.4-118); the States of DE and NJ have listed the green turtle as endangered and
threatened, respectively (Reference 2.4-192).

Green turtles are generally found in fairly shallow waters (except when migrating) inside reefs,
bays, and inlets. The turtles are attracted to lagoons and shoals with an abundance of
submerged aquatic vegetation (Reference 2.4-206). Adult green turtles feed almost
exclusively on sea grass and algae (Reference 2.4-118).

The green turtle is not reported to nest along Delaware Bay beaches but may move into the
bay to feed. Green turtles are occasionally observed in Delaware Bay. A total of three Atlantic
green turtles have been captured at SGS since it began operations, all between the years of
1980 and 1992. Their known presence in the Delaware Bay has resulted in the USACE
implementing dredging restrictions in portions of Delaware Bay and the Delaware River to
protect the green turtles (Reference 2.4-192).

242215 Leatherback Turtle

The leatherback turtle (Dermochelys coriacea) is the largest, deepest diving, and most wide
ranging of all sea turtles. Leatherback turtles have an unusual carapace composed of a
mosaic of small bones covered by connective tissue with seven longitudinal ridges
(References 2.4-121 and 2.4-209). The skin is black with some paler spots. The front flippers
lack claws and are proportionally longer than other sea turtles (Reference 2.4-121). The adult
leatherback can reach up to 8 ft. in length and 2000 Ib. (Reference 2.4-209 ).

The leatherback turtle is distributed worldwide in tropical and temperate waters of the Atlantic,
Pacific, and Indian oceans. In the continental United States, a small nesting population

(35 females per year) occurs on the east coast of FL. The ESA listed the leatherback turtle as
endangered on June 2, 1970 (Reference 2.4-209). Delaware and NJ also list the leatherback
turtle as endangered (Reference 2.4-195).

Leatherbacks are commonly known as pelagic animals, but they also forage in coastal waters
(Reference 2.4-121). In fact, leatherbacks are the most migratory and wide ranging of sea
turtle species. Jellyfish are the main staple of its diet, but it is also known to feed on sea
urchins, squid, crustaceans, tunicates, fish, blue-green algae, and floating seaweed
(Reference 2.4-209). After nesting in tropical areas, female leatherbacks migrate to more
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temperate latitudes, which support high densities of jellyfish prey in the summer (Reference
2.4-121).

The leatherback turtle is not reported to nest along Delaware Bay beaches but may move into
the bay to feed (Reference 2.4-195). However, they have not been taken at SGS since
initiation of preoperational and operational monitoring studies.

242216 Hawksbill Turtle

Hawksbill turtles (Eretmochelys imbricata) derive their name from their prominent hooked
beaks (Reference 2.4-207). The shape of the mouth allows the hawksbill turtle to reach into
holes and crevices of coral reef to find sponges, their primary food source as adults, and other
invertebrates (Reference 2.4-119). Adults have a dark brown carapace with yellow streaks
and spots and a yellow plastron. The adult hawksbill sea turtle grows to a maximum size of
approximately 3 ft. and a weight of approximately 200 Ib. (Reference 2.4-207). The ESA listed
the hawksbill turtle as endangered on June 2, 1970. In the continental United States, the
species is recorded from all the Gulf States and along the east coast as far north as MA.
However, sightings north of FL are rare (Reference 2.4-119).

The hawksbill turtle has circumtropical global distribution. It is generally found from

30 degrees north to 30 degrees south latitude in the Atlantic, Pacific, and Indian oceans and
associated bodies of water (Reference 2.4-119). The hawksbill is primarily associated with
reefs, mangroves, and keys. The species is a solitary nester from spring through late fall on
coastal sand beaches, often in vegetation (Reference 2.4-193). Within the continental United
States, nesting is rare and restricted to the southeast coast of FL and the Florida Keys
(Reference 2.4-119).

In the United States, the species is listed as endangered by the United States federal
government; the States of DE and NJ have both listed the hawksbill turtle as endangered
(Reference 2.4-193).

Hawksbill turtles use different habitats at different stages of their life cycle, but are most
commonly associated with coral reefs. In Atlantic populations, juveniles are believed to be
pelagic, taking shelter in floating algal mats and drift lines of flotsam and jetsam. After a few
years in the pelagic zone, small juveniles recruit to coastal foraging grounds; this shift in
habitat also involves a shift in feeding strategies, from feeding primarily at the surface to
feeding below the surface on a more varied diet. While they prefer coral reef habitat, they also
inhabit mangrove-fringed bays and estuaries, particularly along the eastern shore of
continents where coral reefs are absent (Reference 2.4-119).

The hawksbill turtle does not nest along Delaware Bay beaches but may move into the Bay to
feed. They have not been taken at the SGS since preoperational and operational monitoring
studies were initiated.

242217 Kemp’s Ridley Turtle

The Kemp’s ridley turtle (Lepidochelys kempii) is believed to be the most endangered of the
sea turtles. It has a triangular-shaped head with a hooked beak with large crushing surfaces.
Hatchlings are black (Reference 2.4-208). The almost circular carapace is grayish-green. The
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plastron is pale yellowish to cream colored. Adult Kemp's ridley turtles, considered the
smallest marine turtles in the world, weigh approximately 100 Ib. and carapaces measure
between 24 -28 in. in length. In the continental United States, it is distributed throughout the
Gulf of Mexico and United States Atlantic seaboard, from FL to New England (Reference 2.4-
120). The ESA listed the Kemp’s ridley turtle as endangered on December 2, 1970. Delaware
and NJ both list the Kemp’s ridley turtle as endangered (Reference 2.4-194).

The range of the Kemp’s ridley includes the gulf coasts of Mexico and the United States, and
the Atlantic coast of North America as far north as Nova Scotia and Newfoundland. Most
nests for the Kemp’s ridley are on coastal beaches in the Mexican States of Tamaulipas and
Veracruz. After leaving their nesting beach, hatchlings are believed to become entrained in
eddies within the Gulf of Mexico, where they are dispersed within the Gulf of Mexico and
Atlantic by oceanic surface currents to coastal shallow water habitats. This shift in habitat
involves a shift in diet. After its pelagic stage this turtle becomes a shallow water benthic
feeder with a diet consisting primarily of crabs (Reference 2.4-208). Juveniles and subadults
may be found along the eastern seaboard where they travel northward following vernal
warming. They then return south during winter as temperatures begin to drop (Reference 2.4-
194).

The Kemp’s ridley turtle is not reported to nest along Delaware Bay beaches, but it has been
observed foraging in Delaware Bay. In 1992, two dead Kemp’s ridley sea turtles were found at
the SGS cooling water intake; the cause of mortality was not reported. Implementation of
mitigation measures in 1993 reduces the likelihood of additional turtle strandings; no Kemp’s
ridley turtles have been stranded at the SGS since that time.

2.4.2.2.2 Commercial and Recreational Species

Twenty-one aquatic species expected to be present in the Delaware River near the PSEG Site
are harvested commercially and/or recreationally in NJ and/or DE. An additional four species
(blueback herring, alewife, bay anchovy, and Atlantic silverside) are included because they
are thought to meet the selection criteria of either keystone species or indicator species. They
are designated as representative important species in PSEG’s long-term biological monitoring
program. All of these species have been encountered in preoperational or current biological
monitoring for the HCGS and SGS. These species are listed in Table 2.4-27.

242221 Blueback Herring

The blueback herring (Alosa aestivalis) is a member of the clupeid family, and is difficult to
distinguish from the closely related alewife with which it is grouped. The blueback herring is
also referred to as river herring (Reference 2.4-97). It is anadromous, spending most of its life
in marine environs and returning to fresh water to spawn (Reference 2.4-90). Blueback herring
grow to 10 to 11 in. in length and 8 to 9 ounces in weight (Reference 2.4-97).

The blueback herring’s native range is along the Atlantic Coast from Cape Breton, Nova
Scotia to the St. Johns River in FL. This species also has moved into non-native areas in
several eastern states, and reportedly has been released or stocked into several inland
reservoirs (Reference 2.4-73). Blueback herring are commercially harvested in DE, with
1434 Ib. taken in 2007 (Reference 2.4-125). They have been collected in impingement
samples at SGS in all years since 1995 at a 13-yr average annual rate of 62.5 per million m*
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(Table 2.4-18). They also have been encountered in nearby marsh creeks during EEP surveys
(Table 2.4-16). They were not collected in surveys of small marsh creeks or ponds on the
PSEG Site in 2009. In a program beginning in 1994, PSEG installed fish ladders to assist the
migrations of river herring (blueback herring and alewife) through lakes and impoundments
that separate over 1000 ac. of lakes and impoundments, and 117 mi. of upstream habitat from
the Delaware estuary.

Blueback herring spawn in deep, swift fresh water over hard substrate in the spring. Juveniles
spend 3 to 7 months in fresh water, then migrate to the ocean (Reference 2.4-73). They form
schools, and winter near the bottom out from the coast (Reference 2.4-52). They feed on
plankton, primarily copepods and pelagic shrimp (Reference 2.4-13).

242222 Alewife

The alewife (Alosa pseudoharengus) is a member of the clupeid family, and is closely related
to the blueback herring described in Subsection 2.4.2.2.2.1. It is anadromous, spending most
of its life in marine environs and returning to fresh water to spawn (Reference 2.4-90). Adult
alewives average 10 to 11 in. in length but can reach 15 in. Average weight is 8 to 9 ounces
(Reference 2.4-13).

Alewives have sea-run populations ranging from Newfoundland to South Carolina

(Reference 2.4-102). They have also been successfully introduced to lakes, notably the Great
Lakes (Reference 2.4-90). They have been collected in impingement samples at the SGS in
all years since 1995 at a 13-yr average annual rate of 12.2 per million m® (Table 2.4-18). They
also have been encountered in samples from nearby marsh creeks during EEP surveys (Table
2.4-16). They were not collected in surveys of small marsh creeks or ponds on the PSEG Site
in 2009.

Alewives spawn from late February through April, somewhat earlier than blueback herring. They
spawn in diverse lotic and lentic habitats over a wide range of substrates such as gravel, sand,
detritus and submerged vegetation (Reference 2.4-102). They are broadcast spawners, with
demersal eggs that are not particularly adhesive. After spawning, adults migrate downstream.
Eggs hatch in less than a week and young begin feeding on minute plankton (Reference 2.4-
90). Juveniles remain in freshwater nursery areas through spring and summer. In the fall, they
move downstream to brackish water, then eventually to the sea (Reference 2.4-102). Sea-run
alewives then remain in salt water until sexual maturity at 3 to 4 yr of age (Reference 2.4-13).
They form schools and feed on diatoms, copepods, shrimps, insects, small fishes, squids and
fish eggs (Reference 2.4-219).

242223 American Shad

The American shad (Alosa sapidissima) is another anadromous member of the clupeid family
(Reference 2.4-78). In size, it is the largest member of the family, averaging 20 to 24 inches in
length and 3+ Ib. (Reference 2.4-103). The American shad is commercially caught in rivers
and estuaries, and is an important food fish (Reference 2.4-98). Their eggs are also
considered a delicacy (Reference 2.4-216). Commercial harvests in NJ and DE totaled

58,981 Ib. and 71,442 |b., respectively, in 2007 (Reference 2.4-125).
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The American shad is distributed along the Atlantic Coast from southern Labrador to northern
FL (Reference 2.4-78). It was introduced to the Sacramento and Columbia rivers in the Pacific
Northwest in the late 1800s, and is now widely distributed throughout the Pacific. American
shad populations have declined substantially in the last century, and a fishing moratorium is in
effect across much of its range in the Mid-Atlantic states (Reference 2.4-98). They have been
collected in impingement samples at SGS in all years since 1995 at a 13-yr average annual
rate of 8.5 per million m® (Table 2.4-18). They also have been encountered occasionally in
samples from nearby marsh creeks during EEP surveys (Table 2.4-16). They were not
collected in surveys of small marsh creeks or ponds on the PSEG Site in 2009.

American shad enter rivers to spawn in early spring when water temperatures are 50 to 55 °F
(Reference 2.4-13). Between the hours of sundown and midnight, females release their eggs
over sand and pebble substrates in shallow areas (Reference 2.4-218). The eggs are semi-
buoyant, and begin moving downstream immediately, floating in open water or rolling along the
bottom. Eggs hatch in 4 to 9 days (Reference 2.4-13). They develop into juveniles in
approximately one month, and remain in the river until the fall when they migrate to the ocean
(Reference 2.4-218). American shad develop into adults in the marine environment, feeding
primarily on plankton, small crustaceans, and small fish. They enter freshwater to spawn after 4
to 5 yr for males and 5 to 6 yr for females (Reference 2.4-103).

24.22.24 Bay Anchovy

The bay anchovy (Anchoa mitchilli) is a small, schooling fish. It is one of the most abundant
fish in estuarine and coastal habitats along the eastern United States (Reference 2.4-181). It
is also a key species in the food web of those systems, being a major consumer of plankton
and itself a major food for predatory fish (Reference 2.4-23).

The bay anchovy ranges along the coasts of the Atlantic and the Gulf of Mexico, although it is
reportedly absent from the Florida Keys. It is abundant off Massachusetts. Rhode Island, NJ,
and in Chesapeake Bay (Reference 2.4-116). The bay anchovy is commonly found in shallow
tidal areas with muddy bottoms and brackish waters, and it tolerates a wide range of salinities
(Reference 2.4-53). In impingement samples at SGS, bay anchovy have been collected in all
years since 1995 at a 13-yr average annual rate of 136.6 per million m* (Table 2.4-18). They
also have been consistently abundant in samples from nearby marsh creeks during PSEG EEP
surveys (Table 2.4-16). They were not collected in surveys of small marsh creeks or ponds on
the PSEG Site in 2009.

The bay anchovy is believed to have an extended spawning period, from late April through
late September. Spawning occurs in the evening or at night in estuarine waters where water
temperatures are at least 12°Celsius (°C) (53.6°F) and salinity exceeds 10 ppt. Eggs are
pelagic and found throughout the water column, but are more numerous near the surface and
hatch in approximately 24 hr. (Reference 2.4-116). Growth is rapid, and individuals reach
maturity a few months after hatching (Reference 2.4-181). Life span is approximately 3 yr.
(Reference 2.4-23). Bay anchovies are planktivorous, and feed mostly on microcrustaceans
such as copepods, as well as mysid shrimps, small fishes, gastropods, and isopods
(Reference 2.4-53).
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242225 American Eel

The American eel (Anguilla rostrata) is a widely distributed catadromous species, reproducing
in the sea after spending most of its life in fresh or brackish water (Reference 2.4-48).
Females are larger than males of the same age, and can grow to 4 ft. in length and weigh
over 16 Ib. (Reference 2.4-94). Eels are taken both recreationally and commercially, and are a
popular food fish in Europe (Reference 2.4-151). Commercial harvests in NJ and DE totaled
164,356 Ib. and 139,648 Ib., respectively, in 2007 (Reference 2.4-125). Recreational harvests
in 2007 totaled 44,616 individuals in NJ and 238 in DE (References 2.4-117 and 2.4-124).

American eels are widely distributed along the Atlantic coast from Greenland to Brazil, and
are found in streams and rivers across much of the eastern United States (Reference 2.4-
217). In impingement samples at SGS, they have been collected in all years since 1995 at a
13-yr average annual rate of 5.4 per million m® (Table 2.4-18). They also have been
encountered consistently in samples from nearby marsh creeks during PSEG EEP surveys
(Table 2.4-16). American eels were collected in both small marsh creeks (1 specimen at
Station AS-05 in February) and ponds (one specimen at Station AS-09 in both July and
September) near the PSEG Site in 2009.

American eels reach their sexual maturity in 3 to 20+ yr (Reference 2.4-175). Generally in the
fall, sexually mature eels begin migrating from freshwater or estuarine areas to the Sargasso
Sea, a warm water area in the middle of the North Atlantic (Reference 2.4-94). Spawning is
believed to occur in late winter and early spring, and hatching likely begins in February and
continues through April (Reference 2.4-48). Larvae drift on the Gulf Stream and reach the
Atlantic coast in approximately 1 year (Reference 2.4-199). At that time, the eel undergoes a
transformation from the transparent, leaf-shaped leptocephalus stage to the elver stage that
more resembles the adult. The 2 to 3.5 in. long juveniles may remain in estuarine environs or
begin migrating into fresh waters. Upon reaching 2 yr of age and a length of 22 to 31 in., the
eels are considered to be sexually immature adults (Reference 2.4-94). As adults, eels are
opportunistic carnivores, and feed on small fishes and benthic invertebrates, and often on
other eels (Reference 2.4-112).

242226 Atlantic Menhaden

The Atlantic menhaden (Brevoortia tyrannus) is a member of the clupeid family, but unlike the
other clupeids discussed in previous subsections, it is not anadromous (Reference 2.4-104).
They can reach lengths of 14 in. and weights of 1 Ib. They are the second most important
species harvested (by quantity) in the United States. The Atlantic menhaden is processed for
several consumer products and is used as bait for commercial and recreational fishing. It is a
key species in the coastal and estuarine food web, being a major consumer of phytoplankton
and plant detritus, and itself a major food for predatory fish, birds, and mammals

(Reference 2.4-22). Commercial harvests in NJ and DE totaled 37,634,929 |b. and 85,067 Ib.,
respectively, in 2007 (Reference 2.4-125).

The range of Atlantic menhaden extends along the Atlantic coast from Nova Scotia to central FL
(Reference 2.4-169). They are particularly abundant in Chesapeake Bay, and are also
numerous in coastal waters from NJ to VA, mostly within 5 mi. of the shore (Reference 2.4-22).
They have been collected in impingement samples at SGS in all years since 1995 at a 13-yr
average annual rate of 30.6 per million m® (Table 2.4-18). They also have been common or
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abundant in samples from nearby marsh creeks during PSEG EEP surveys (Table 2.4-16).
Atlantic menhaden was common at the small marsh creek Station AS-06, with 31 individuals
collected in May and 13 collected in July. This was the only location where the species was
encountered in surveys near the PSEG Site in 2009.

Spawning can occur throughout the year in estuaries and coastal waters, but there are
definite spring and fall spawning peaks in the Middle and North Atlantic regions. Eggs are
pelagic and hatch at sea in approximately 2 days (Reference 2.4-169). Larvae then move into
the shallow portions of estuaries, where they spend approximately 1 year (Reference 2.4-22).
In the fall, juveniles congregate into large schools and immigrate to the ocean. Sexual
maturity is typically reached at 2 yr of age, with a length of 9 — 10 inches in the Middle Atlantic
Bight. Adults consume zooplankton, larger phytoplankton, and chain-forming diatoms
(Reference 2.4-169). They can live up to 8 yr, but individuals older than 6 yr of age have been
rare since the 1960s (Reference 2.4-22).

242227 Black Sea Bass

The black sea bass (Centropristus striata) is a member of the serranid family. It is highly
valued by both commercial and recreational fishermen throughout the Mid-Atlantic as a food
fish (Reference 2.4-5). They are commonly found around rock jetties and on rocky bottoms in
shallow water (Reference 2.4-54). They can grow to a length of 2 ft. and a weight of 7.5 Ib.,
but most adults average 1.5 Ib. (Reference 2.4-13). Commercial harvests of black sea bass in
NJ and DE totaled 480,238 Ib. and 72,675 Ib., respectively, in 2007 (Reference 2.4-125).
Recreational harvests totaled 5997 individuals in NJ and 7805 in DE, in 2007 (References 2.4-
124 and 2.4-117) (Table 2.4-27).

The range of the black sea bass is primarily along the Atlantic coast from Cape Cod, MA to
northeastern FL, with greatest abundances occurring between the Capes of NJ and North
Carolina (NC) (Reference 2.4-109). They have been collected in low numbers in impingement
samples at SGS in 9 yr, between 1995 and 2007 with a 13-yr average annual rate of 0.6 per
million m® (Table 2.4-18). They have not been encountered in samples from nearby marsh
creeks during PSEG EEP surveys (Table 2.4-16), nor were they collected in surveys of small
marsh creeks or ponds on the PSEG Site in 2009.

Most sea bass are hermaphroditic, reproducing both as male and female at some point in their
life (Reference 2.4-109). Generally, they begin life as females and change sex to become
males when they reach 9 to 13 inches in length (Reference 2.4-5). They spawn from mid-May
through late June off the coast of NJ, and eggs float in the water column until hatching in

2 to 5 days (Reference 2.4-13). The larvae drift in coastal waters until they reach
approximately 0.5 inches in length, when they become bottom dwelling (Reference 2.4-109).
Juveniles migrate to estuaries and bays, seeking shelter in habitats such as submerged
aquatic vegetation, oyster reefs, and other structures (Reference 2.4-5). Juveniles and adults
feed on benthic invertebrates such as rock crabs, hermit crabs, squids, and razor clams
(Reference 2.4-109).

242228 Conger Eel

The conger eel (Conger oceanicus) is a bottom-dwelling fish that superficially resembles the
American eel, but can be distinguished by the more anterior origin of the dorsal fin. It is
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generally larger than the American eel, measuring up to 7 ft. in length and occasionally
reaching weights of 22 Ib. or more (Reference 2.4-13). Eels are taken commercially. Harvests
in NJ and DE totaled 41,399 Ib. and 1241 Ib., respectively, in 2007 (Reference 2.4-125).

Conger eels are widely distributed along the Atlantic coast from Cape Cod, Massachusetts to
northern FL, and in the northern Gulf of Mexico (Reference 2.4-55). They occur from the
coastal portions of estuaries to the edge of the continental shelf (Reference 2.4-93). They
have been collected in low numbers in impingement samples at SGS in 8 yr between 1995
and 2007 at a 13-yr average annual rate of 0.3 per million m® (Table 2.4-18). They have not
been encountered in samples from nearby marsh creeks during PSEG EEP surveys

(Table 2.4-16). No conger eels were collected in surveys of small marsh creeks or ponds on
the PSEG Site in 2009.

The life history of the conger eel has several similarities to that of the American eel. The
spawning season appears to extend from late summer through winter, with mature adults
migrating from coastal or estuarine areas to the Sargasso Sea (Reference 2.4-31). They
likewise pass through the larval stage as a broad and thin, transparent, leptocephalus
(Reference 2.4-13). Larvae metamorphose into juveniles (elvers) that are shorter in length
(Reference 2.4-85). Conger eel diet varies with size. Smaller individuals feed primarily on
decapod crustaceans, whereas larger eels consumed more fish, including other eels
(Reference 2.4-93).

242229 Weakfish

The weakfish (Cynoscion regalis) is a member of the sciaenid (drum) family. It is indigenous
to the Atlantic coast of the United States (Reference 2.4-74). Its name derives from its weak
mouth tissues, which are easily damaged by fish hooks (Reference 2.4-39). They may reach
29 inches in length and 12 Ib. in weight (Reference 2.4-106). Weakfish are taken both
recreationally and commercially, and are an important food fish (Reference 2.4-74).
Commercial harvests in NJ and DE totaled 164,506 Ib. and 24,588 Ib., respectively, in 2007
(Reference 2.4-125). Recreational harvests in 2007 totaled 181,654 individuals in NJ and
3300 in DE (References 2.4-124 and 2.4-117).

Weakfish are widely distributed along the Atlantic coast, ranging from Cape Cod, MA to FL
(Reference 2.4-176). They are occasionally reported as far north as the Bay of Fundy
(Reference 2.4-13). They are most abundant off the Atlantic coast from NC to NY (Reference
2.4-74). In impingement samples at SGS, they have been collected in all years since 1995 at
a 13-yr average annual rate of 586.1 per million m* (Table 2.4-18). They also have been
consistently encountered, and were occasionally abundant in samples from nearby marsh
creeks during PSEG EEP surveys (Table 2.4-16). No weakfish were collected in surveys of
small marsh creeks or ponds on the PSEG Site in 2009.

Spawning activity for weakfish takes place in the spring and summer following a northern
migration to nearshore coastal water and estuarine areas in the Delaware Bay. Spawning
season extends from May to mid-July (Reference 2.4-114). Eggs are buoyant, and hatch after
36 to 40 hr. (Reference 2.4-13). Larvae move from the water column to the bottom (Reference
2.4-114). Larvae and juveniles primarily eat copepods, followed by mysid shrimp and
anchovies as development progresses (Reference 2.4-74). Weakfish average 7 inches in
length after their first growing season (Reference 2.4-106). Adults feed on a variety of
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animals, including a variety of crustaceans and mollusks, but primarily on fish (Reference 2.4-
13). All weakfish are mature after 2 yr. Their potential lifespan is generally 12 yr (Reference
2.4-106).

2422210 Channel Catfish

The channel catfish (Ictaluras punctatus) is a member of the ictalurid (bullhead catfish) family.
It is a freshwater species commonly found in estuarine waters (Reference 2.4-105). Adults
range from 12 to 32 inches in length and 1 to 15 Ib. in weight (Reference 2.4-151). They are a
valuable food fish, and are commercially raised for market (Reference 2.4-133). They also are
harvested both recreationally and commercially, with a commercial harvest in DE of 6922 Ib.
in 2007 (Reference 2.4-125). Recreational harvests in 2007 totaled 24,245 individuals in NJ
and 26,800 in DE (References 2.4-124 and 2.4-117).

The range of channel catfish includes the central drainages of the United States to southern
Canada and northern Mexico (Reference 2.4-56). In NJ, they are typically found in clear,
warm lakes and moderately large, to large rivers over clean sand, gravel, or rock/rubble
substrate (Reference 2.4-133). Their preferred habitat is deep pools around logs, rocks, or
other structures suitable for hiding (Reference 2.4-105). Channel catfish have been collected
in impingement samples at SGS in all but 1 year between 1995 and 2007, at a 13-yr average
annual rate of 4.8 per million m> (Table 2.4-18). They also have been consistently
encountered, and were occasionally abundant in samples from nearby marsh creeks during
PSEG EEP surveys (Table 2.4-16). They were not collected in surveys of small marsh creeks
or ponds on the PSEG Site in 2009.

Spawning activity for the channel catfish occurs in late spring, when water temperatures reach
75°F. They select nest sites in depressions, crevices, or undercut banks, and females lay their
eggs in these nests (Reference 2.4-105). After hatching, the larvae are guarded by the male
for 7 to 8 days before leaving the nest site. In Midwestern streams and rivers, channel catfish
averages 2.6 inches in length at the end of their first year. They mature after 4 to 5 yr, at
lengths of 12 to 15 in (Reference 2.4-151). Adults feed on a variety of animals, including fish,
insects and crustaceans (Reference 2.4-133). They also feed on plant material. They are
nocturnal feeders, using their chemosensitive barbels to compensate for poor eyesight
(Reference 2.4-105). Channel catfish can live more than 10 yr, but their typical life span is 6 to
7 yr (Reference 2.4-151).

2422211 Spot

The spot (Leiostomus xanthurus) is a member of the sciaenid (drum) family. Its common

name is derived from the large black spot located above and behind its gill cover (Reference
2.4-96). They are abundant in marine areas along the Atlantic coast (Reference 2.4-9) and are
considered an important ecological link in the transfer of energy from estuarine habitats to the
waters of the adjacent continental shelf (Reference 2.4-96). They are a food fish, and have
substantial commercial and recreational fisheries associated with them (Reference 2.4-180).
The commercial harvests in NJ and DE totaled 4474 |Ib. and 128,208 Ib., respectively, in 2007
(Reference 2.4-125). A total of 239,299 spot were harvested recreationally in DE in 2007
(References 2.4-124 and 2.4-117).
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Spot range along the Atlantic coast from Cape Cod, Massachusetts to the Bay of Campeche
in Mexico. They are found in coastal waters at depths up to 60 m (197 ft.) over sandy and
muddy bottoms, but migrate into bays and estuaries in the spring. They can tolerate wide
ranges of salinity (<1 to 37 ppt) and temperature (35 to 95°F) (Reference 2.4-9). In
impingement samples at SGS, they have been collected in all years since 1995 at a 13-yr
average annual rate of 14.2 per million m*® (Table 2.4-18). They also have been consistently
encountered, and were occasionally abundant in samples from nearby marsh creeks during
PSEG EEP surveys (Table 2.4-16). No spot were collected in surveys of small marsh creeks
or ponds on the PSEG Site in 2009.

2422212 Atlantic Silverside

The Atlantic silverside (Menidia menidia) is a small, schooling fish that is abundant in the
shore zone of salt marshes, estuaries and tidal creeks along the eastern United States
(Reference 2.4-49). Adults are generally 4 to 4.5 inches in length, up to a maximum of 5.5 in.
(Reference 2.4-13). Atlantic silverside is an important forage species for striped bass, Atlantic
mackerel, and bluefish (Reference 2.4-10).

The Atlantic silverside ranges along the east coast of North America from the Gulf of

St. Lawrence in Canada to northeastern FL (Reference 2.4-57). They frequently inhabit sand or
gravel shorelines, often among growths of sedge grass (Reference 2.4-13). In impingement
samples at SGS, they have been collected in all years since 1995 at a 13-yr average annual
rate of 46 per million m* (Table 2.4-18). They also have been comm