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consistent with the defined success criteria, and will be used through the 
adaptive management process to guide completion of restoration on the 
Phragmites-dominated sites. 
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I. 

• • 
ALLOWAY CREEK WATERSHED 

PHRAGMITES-DOMINATED WETLAND RESTORATION MANAGEMENT PLAN 

INTRODUCTION 

In July 1994, the New Jersey Department of Environmental Protection (NJDEP) 
issued a final New Jersey Pollutant Discharge Elimination System (NJPDES) 
Permit No. NJ0005622 (the NJPDES Permit) for the Salem Generating Station (the 
Station). This NJPDES Permit, which became effective September 1, 1994, 
contained a number of innovative Special Conditions that addressed concerns 
about the loss of aquatic organisms resulting from the Station's operations. 
Effective August 1, 2001, the NJDEP issued a final NJPDES renewal permit to 
PSEG Nuclear LLC (PSEG), formerly Public Service Electric and Gas Company 
(PSE&G). This final permit action continues the wetlands restoration and 
preservation requirements contained in the July 20, 1994 NJPDES permit. 

The Special Conditions in the 1994 NJPDES Permit required PSEG to take the 
following actions: 

• Implement modifications to the circulating water system intake 
traveling screens; 

• Conduct feasibility testing of state-of-the-art technology to create 
sound barriers that deter fish from entering the area of the Station's 
cooling water intake system; 

• Limit the amount of cooling water the Station can withdraw from the 
river to the level then currently drawn, which is five percent below 
design specifications; 

• Construct and maintain five fish passageways in tributaries of the 
Delaware Estuary; 

• Develop and implement a comprehensive Biological Monitoring 
Program for the Delaware Estuary; 

• Implement a program to restore, enhance, and preserve a minimum 
of 8,000 acres of wetlands along the Delaware Estuary and an 
additional 2,000 acres of wetlands and/or 6,000 acres of upland 
buffer; and 
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• • • Impose Conservation Restrictions on not less than 10,000 acres of 
wetlands/uplands and on the approximately 4,500 acres of land in 
Greenwich Township, Cumberland County, commonly known as the 
Bayside Tract. 

Among the lands along the New Jersey bayshore on the Delaware Estuary 
identified by PSEG as suitable areas for wetland restoration and enhancement were 
muskrat and/or agricultural impoundments and wetlands dominated by common 
reed (Phragmites australis). In addition, in areas where tidal inundation was 
restricted, these areas provided ideal breeding grounds for the salt marsh mosquito 
(Aedes solicitans). To reverse this condition, PSEG proposed to restore tidal 
inundation to the impoundments through the construction of new inlets and 
channels and to control the Phragmites through the implementation of a spray and 
burn program and, if necessary, implement hydromodifications. With the 
implementation of these restoration measures, these areas will again: 1) contribute 
to the enhancement ofthe marsh/estuary food web through detrital production; and 
2) provide refuge, feeding habitat, and nursery grounds for various estuarine 
animals. 

The NJDEP recognized the values to be gained in restoring tidal inundation into 
these impoundments and in the control of Phragmites, and thereby included 
requirements specific to these areas in the Special Conditions of the 1994 NJPDES 
Permit, as highlighted below: 

Part IV-B/C H.3.(a) The Permittee shall undertake a wetlands restoration and enhancement 
program within the region of the Delaware Estuary ... 

(i) restore an aggregate of no less than 8,000 acres of (1) diked wetlands (including salt hay 
farms, muskrat impoundments and/or agricultural impoundments) to normal daily tidal 
inundation so as to become functional salt marsh; and/or (2) wetlands dominated by common 
reed (Phragmites australis) to primarily Spartina species with other naturally occurring marsh 
grasses (e.g. Distichlis spicata, Juncus, spp.) ... The Permittee shall secure access to or 
control of such lands such that said lands will have title ownership or deed restriction as ma y 
be necessary to assure the continued protection of said lands from development; 

(ii) restore an additional 2,000 acres of wetlands ... and/or preserve in a state thatprecludes 
development through appropriate title ownership or Conservation Restriction of no less than 
6,000 acres of uplands adjacent to Delaware Estuary tidal wetlands ("Upland Buffer'J ... 

(iii) the acreage restored, enhanced and/or preserved ... will aggregate no less than 10,000 
acres; provided, however, the Permittee only will be credited one acre toward the 10,000 
acre aggregate for every three acres of Upland Buffer acquired or restricted ... 

(iv) all lands restored, enhanced, or preserved ... shall be subject to Conservation Restriction. 
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• • Part IV-BIC H.3.(c) The Conservation Restriction imposed ... shall name the Department as a 
Grantee of the Conservation Restriction. The Conservation Restriction shall be in the form of 
Attachment A to this Permit and shall be recorded by the Permittee. Attachment A provides 
for the submission of schedules which will be site-specific ... The Permittee shall regularly 
inspect the Property and take appropriate action to prevent or correct a violation of the 
Conservation Restriction notwithstanding that such violation was by a person other than 
Permittee. 

Part IV-BIC H.3.(e) For muskrat or agricultural impoundment lands andlor wetlands 
dominated by common reed ... the Permittee shall: 

(i) not later than EDP [Effective Date of Permit] + eighteen (18) months, select and secure 
access andlor control of said lands; 

(ii) not later than EDP + eighteen (18) months, design and file with the Department for 
approval a Management Plan(s). The Management Plan(s) shall include, but not be limited 
to: for wetlands dominated by common reed, techniques for application of herbicides and/or 
burning to remove dead common reed, techniques by which the Permittee shall breach dikes 
and construct and maintain upland dikes, and implement steps to protect all roadways, 
property and improvements thereon located on or adjacent to said lands from damage due to 
flooding at both normal and high tides, and an anticipated schedule for natural revegetation; 
and for muskrat or agricultural impoundments, techniques for restoration of tidal flow, 
techniques by which the Permittee shall breach dikes and construct and maintain upland 
dikes, and implement steps to protect all roadways, property and improvements thereon 
located on or adjacent to said lands from damage due to flooding at both normal and high 
tides, and an anticipated schedule for natural revegetation; and 

(iii) not later than sixty (60) days after receipt of the Department's approval of the 
Management Plan(s), implement the Management Plan(s) as approved by the Department. 
The Management Plan(s) is automatically incorporated as a condition of this permit upon 
final approval by the Department. 

Part IV-BIC H.3.(t) For lands described in 3.(a)(ii) above, the Permittee shall: 

(i) not later than EDP + eighteen (18) months, select and secure access andlor control of 
said lands; 

(ii) not later than EDP + eighteen (18) months, design and file with the Department for 
approval a Management Plan(s) for such lands; and 

(iii) not later than sixty (60) days after receipt of the Department's approval of the 
Management Plan(s), implement the Management Plan(s) as approved by the Department. 
The Management Plan(s) is automatically incorporated as a condition of this permit upon 
final approval by the Department. 

Part IV-BIC H. 3. (h) No later than EDP + sixty (60) months, complete implementation of the 
Management Plans ... However, the Permittee must continue to implement the Management 
Plan(s) with respect to maintenance during any period of time the permit is extended 
pursuant to N.J.A.C. 7: 14A-2. 3. 
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• • 
Part IV-B/C H.3.(i) The Permittee shall be deemed to have complied with the requirements 
of Special Condition H.3. upon completion of the Department-approved Management Plans. 

Part IV-B/C H.3.(j) Not later than EDP + sixty (60) days, the Permittee shall establish a 
Management Plan Advisory Committee (MPAC) ... 

The MPAC will serve as a body to provide technical advice to the Permittee concerning the 
development and implementation of the Management Plans identified in this Section 3. 
Management Plans must be submitted to the MPAC for technical advice prior to submission 
to the Department for approval. Contemporaneous with the submission of a Management 
Plan to the Department, the Permittee shall provide copies of said Plan to the County Ubrary 
in the affected County. The Permittee shall cause to be published in a daily or weekly 
newspaper circulated in the affected County a public notice advising of the time and place 
that the Management Plan is available for review. 

The MPAC shall be chaired by the Permittee's representative. The MPAC shall conduct 
business when, as, and how the MPAC so decides. 

As stated above, the Special Conditions in the 1994 NJPDES Permit required 
PSEG to impose Conservation Restrictions and prepare Management Plans 
outlining PSEG's plans for the restoration and/or management of these lands. The 
Management Plans were submitted to the NJDEP for approval, after review by the · 
Management Plan Advisory Committee (MPAC). 

In August 2001, the NJDEP issued a Renewal Permit. The requirements specific to 
wetland restoration and enhancement efforts in the Special Conditions ofthe 2001 
NJPDES Permit, are highlighted below: 

Part IV-G.3(a) The Permittee shall continue to implement the Estuary Enhancement 
Program in restoring, enhancing and/or preserving wetlands within the region of the 
Delaware Estuary (primarily within New Jersey; not more than 20% of the acres restored or 
enhanced under the program to be located within Delaware and/or Pennsylvania) as follows; 

(i) restore an aggregate of no less than 10,000 acres of (1) diked wetlands (including 
. salt hay farms, muskrat impoundments and/or agricultural impoundments) to normal 

daily tidal inundation so as to become functional salt marsh; and/or (2) wetlands 
dominated by common reed (Phragmites australis) to primarily Spartina specie s with 
other naturally occurring marsh grasses (e.g. Distichilis spicata, Juncus spp.); and/or 
(3) upland buffer. The Permittee shall secure access to or control of such lands so 
as to have title ownership or deed restriction as may be necessary to assure the 
continued protection of said lands from development; 

(ii) An Upland Buffer shall mean an area of land adjacent to wetlands or open water 
which minimizes adverse impacts on the wetlands and serves as an integral 
component of the wetland ecosystem; 

(iii) The acreage restored, enhanced and/or preserved pursuant to i. and ii. above shall 
comprise an aggregate of no less than 10,000 acres; provided, however, the 
Permittee only will be credited one acre toward the 10,000 acre aggregate for every 
three acres of Upland Buffer acquired or restricted pursuant to G.3.a.ii above. 
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II. 

• • 
Part IV-G.3(d) The Permittee shall establish an Estuary Enhancement Advisory Committee 
(EEPAC) to serve as a body to provide technical advice to the Permittee concerning any 
continuing implementation of the existing Management Plans as well as the development and 
implementation of any future Management Plans for replacement acreage that may be 
needed. The EEPAC shall also provide technical advice concerning the design, 
implementation, modifications and interpretation of the Biological Monitoring Program (as 
described later under item G.6). Any future Management Plan(s) as well as any changes to 
the Biological Monitoring Program must be submitted to the EEPAC for technical advice prior 
to submission to the Department for approval. All materials presented at any EEPAC 
meetings shall be distributed to EEPAC members at least one week in advance of any 
meeting. 

As stated above, the special conditions of the August 2001 NJPDES Permit requires 
establishing the Estuary Enhancement Program Advisory Committee (EEPAC). 
The EEPAC is primarily comprised of the former MPAC and the Monitoring Advisory 
Committee (MAC). 

The Management Plans may be amended as is necessary during the term of the 
NJPDES Permit. Amendments to the Management Plans will be submitted to the 
EEPAC for review and comment and will be submitted to the NJDEP for review and 
approval. Amendments to the Management Plans adopted pursuant to these 
procedures will not constitute major modifications to the NJPDES Permit unless the 
NJDEP determines that its approval of the amendment would be deemed to be a 
major modification ofthe Management Plans initially approved. Ifthe Management 
Plans, as approved by the NJ DEP, contemplate discretion with respect to frequency 
of a given activity, then notice of PSEG's intention to modify the frequency, 
consistent with the discretion allowed in the Management Plans will not be subject 
to review by the EEPAC, unless specifically required by the NJDEP upon receipt of 
the notice. 

ESTUARY ENHANCEMENT PROGRAM GOALS 

PSEG's overall goals in implementing the Special Conditions ofthe NJPDES Permit 
have been established under the Estuary Enhancement Program (EEP) and include 
the following objectives for the protection and enhancement of the Delaware 
Estuary: 

• Increase aquatic production by restoring degraded coastal wetlands; 
• Protect aquatic habitat by preserving wetlands and adjacent upland 

areas from development; and 
• Provide public access in manner that is consistent with the goals 

listed above. 
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III. 

• • 
ALLOWAY CREEK WATERSHED PHRAGMITES-DOMINATED WETLAND 
RESTORATION MANAGEMENT PLAN OVERVIEW 

The Alloway Creek Watershed Phragmites-Dominated Wetland Restoration 
Management Plan provides a description of the pre-restoration natural and cultural 
resources, the restoration design, and management provisions for the Alloway 
Creek Watershed Phragmites-dominated Site ("Alloway Creek Site" or the "Site"). 
This plan is being implemented consistent with the Special Conditions of the 1994 
and 2001 NJPDES Permits and in concert with PSEG's EEP goals. The Alloway 
Creek Site contributes to the overall EEP goals through the preservation, 
restoration, and/or enhancement of approximately 3,096 acres of wetland and 
adjacent upland buffer. 

A description ofthe Alloway Creek Site is presented in Section IV. While presented 
in summary form in this Management Plan, these descriptions are supported by site 
investigations conducted by PSEG from 1994 through 2001, as well as by other 
published data. 

Restoration design and management provisions for the Alloway Creek Site are 
presented in Section V. These include provisions related to both the 
implementation of wetland restoration design and to the requirements for operation 
and maintenance. The anticipated beneficial effects of restoration are also 
discussed. 

IV. ALLOWAY CREEK SITE DESCRIPTION 

A. Site 

The Alloway Creek Site (Figure 1) is located in Elsinboro and Lower Alloways Creek 
Townships in Salem County, New Jersey. The Alloway Creek Site encompasses 
approximately 3,096 acres 1. The Site was identified by PSEG as suitable for 
wetland restoration through the control of Phragmites and the natural 
reestablishment of Spartina species and other desirable marsh vegetation. The 
percent coverage of Phragmites at the Site increased from approximately 37 
percent to 62 percent from 1972 to 1992, as identified from aerial photographs and 
NJDEP Tidelands Maps. The purpose of removing Phragmites, an undesirable 
plant species, is to enhance the habitat value for aquatic species and to increase 

1Acreage is noted for the purpose of site characterization; for precise acreage refer to Deeds of 
Conservation Restriction submittals made pursuant to the NJPDES Permit. 
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B. 

• • aquatic production. Detailed natural and cultural resource information is provided in 
subsequent sections. 

Geology and Soils 

Geology 

The Alloway Creek Site is located in the Atlantic Coastal Plain physiographic 
province (New Jersey Coastal Plain). The New Jersey Coastal Plain is a seaward 
dipping wedge (thickening southeastward) of unconsolidated and semi-consolidated 
sediments of Quaternary, Tertiary, and Cretaceous age. This wedge is 4,000 to 
6,000 feet thick and underlain by crystalline rock of older Paleozoic or Precambrian 
age (Gill, 1962). The New Jersey Coastal Plain deposits consist of inter-layered 
beds of clay, silt, sand, and gravel. 

Recent (Holocene) deposits in the study area vicinity consist of either organic silt 
and clay deposits of tidal marsh and stream origin or alluvial stream deposits of 
sand, silt and gravel (especially along the Delaware River). In Salem County, the 
Holocene deposits are underlain by the Pleistocene Cape May, Pennsauken and 
Bridgeton Formations (undifferentiated), which consist of sand, gravel and clay and 
have similar hydrogeologic characteristics. The Quaternary deposits are 
unconformably underlain by the Miocene Kirkwood Formation. The Kirkwood 
Formation in Salem County generally consists of thick beds of dark-colored clays, 
some silt, and layers of fine-grained micaceous quartz sand -- often containing 
shells (Rosenau et al., 1969). The Kirkwood Formation outcrops in the southern 
portion of the Alloway Creek study area. 

Underlying the Kirkwood Formation are four units of similar lithology that make up 
the Rancocas Series. From youngest to oldest they are the Piney Point Formation 
(Eocene), the Vincentown Formation (Paleocene), the Hornerstown Sand 
(Paleocene) and the Navesink Formation (Upper Cretaceous). These units consist 
of glauconitic sand, silt and clay with the proportion of sand increasing upwards in 
the seq uence (Rooney, 1971). Zapecza (1989) shows the Piney Point pinching out 
before it reaches the Alloway Creek study area. The Vincentown Formation crops 
out throughout much of the study area, except in the northwestern portion ofthe Mill 
Creek Area near Fort Elfsborg (Zapecza, 1989). In the study area, the Vincentown 
Formation has an estimated maximum thickness of 60 feet. The Hornerstown and 
Navesink consist of sandy clay and outcrop in the northwestern portion of the study 
area. They have an estimated total maximum thickness of 50 feet. 

Underlying the Rancocas Series, the Wenonah Formation and the Mount Laurel 
Sand consist of fine to coarse-grained sand that is occasionally lignitic, glauconitic 
or fossilliferous, often with a distinctive "salt and pepper" appearance (Mount Laurel 
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c. 

• • Sand) and occasional layers of iron-cemented sand (Wenonah Formation) 
(Rosenau et al., 1969). In the Alloway Creek study area, the Wenonah-Mount 
Laurel is found at depths of approximately 50 feet below ground surface (bgs) near 
Fort Elfsborg to 150 feet bgs, near Hancock's Bridge, and has an estimated total 
thickness of 150 feet (Zapecza, 1989). 

Soils 

Information presented in the Soil Survey of Salem County, New Jersey (U.S. 
Department of Agricultural, 1969) showed the vast majority of the Alloway Creek 
Site mapped as Tidal Marsh soil. This soil is described as very poorly drained silty 
or mucky tidal flats that are subject to tidal inundation. The soil material is soft and 
brownish and ranges from one to 30 feet in thickness. Underlying the soft material 
in most places are layers of highly organic or sandy, gravelly soils, and in a few 
places, clay. 

Soils mapped on upland areas adjacent to tidal marsh areas included Matapeake 
silt loam and Mattapex silt loam. These soils are described by the U.S. Department 
of Agriculture as being well- to moderately well-drained with brown or dark brown 
friable silt loam surface layer and yellowish-brown, mottled silt loam and sandy loam 
subsoil between 20 to 32 inches deep. The substratum is described as stratified 
layers of loose sand, gravel and sandy loam. 

Surface and Groundwater Hydrology 

Surface Water Hydrology 

The surface water hydrology at the Alloway Creek Site is influenced by daily tidal 
fluctuations of the water surface elevations in the Delaware River, Alloways Creek, 
Mill Creek, Black Ditch, Straight Ditch, and their associated tributaries. 

The ground surface elevations over much of the site range between one and three 
feet NAVD. Historical tide data from National Ocean Service (NOS) and the 
National Oceanic and Atmospheric Administration (NOAA) tide gauges were 
reviewed along with tide data collected during 1996 and 1997. Using the above, the 
restoration design for the Alloway Creek Site is based on the following tide data for 
the western portion of the restoration site: mean tide level2 (MTL) is -0.10 feet 
NAVD, mean high water (MHW) is 2.62 feet NAVD, mean higher high water 
(MHHW) is 2.95 feet NAVD, mean low water (MLW) is -2.82 feet NAVD, and mean 

2This datum has a zero point that is common to all locations; however, because this zero point is 
derived from a mean value, the actual mean tide level elevation at any given location may be higher or 
lower than the zero point of the NAVD datum. 
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• • lower low water (MLLW) is -3.01 feet NAVD. Similarly, the tidal elevations in 
Alloways Creek near Hancocks Bridge are as follows: MTL is -0.05 feet NAVD, 
MHW is 2.22 feet NAVD, MHHW is 2.55 NAVD, MLW is -2.32 feet NAVD, and 
MLLW is -2.51 feet NAVD and these tidal elevations were considered for the 
restoration design in the eastern portion of the Site. Figures 2.1 and 2.2 graphically 
depict the tidal ranges for the Delaware River and Alloways Creek, respectively. 

Inundation of the Alloway Creek Site is caused by daily tidal fluctuations and storm 
surges in the Delaware River. Predicted water surface elevations associated with 
storm surges in the Delaware River for New Castle, Delaware (approximately 11 
miles upstream from the mouth of Alloways Creek on the Delaware River), as 
referenced in the Federal Emergency Management Agency's (FEMA) 1982 Flood 
Insurance Study for the Township of Elsinboro, are as follows: 

Storm Frequency (Years)Water Surface Elevation (feet, NAV03) 
2 5.13 
10 6.23 
50 7.43 
100 8.13 
500 12.63 

Figure 3 presents FEMA's predicted limits of flooding for the 1 OO-year and 500-year 
storm frequency events at each of the Areas within the Alloway Creek Site. The 
following sub-sections discuss the physical features affecting surface water flow and 
field observations of the surface water flow at each of the Areas. 

The majority of the restoration site has a well-defined channel network that is 
characterized by a few, large central channels and a network of smaller tributaries. 
The large central channels and tributaries convey water at both high and low tides. 
However, many of the smaller tributaries tend to drain at daily lower low tide levels. 
The eastern portion of the restoration area receives water from the Delaware River 
via Alloways Creek. Tide measurements in this area indicate a slight lag and 
attenuation when compared with the tides in the Delaware River. The difference in 
water surface elevations between the Delaware River and the interior portion ofthis 
eastern portion is approximately 0.2 to 0.4 feet, during high tides. 

The western portion of the restoration area receives water from the Delaware River 
via Alloways Creek, Black Ditch, Straight Ditch, and Mill Creek. Tide measurements 
in this area showed almost no lag or attenuation when compared to the Delaware 

3The FEMA data was given in NGVD from the FEMA FIS brown book reports of the region. 
These data were then converted to NAVD88 using the National Geodetic Survey software program 
Verticon 2.0. 
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• • River tides. Field observations showed that Black Ditch closes off at its mouth 
during low tides; however, the hydraulic connection to the Delaware River remains 
open through Alloways Creek. Therefore, very little attenuation of the tidal signal 
was found in this area, and the surface water elevations are comparable to the 
Delaware River. 

Groundwater Hydrology 

The major aquifers being used as potable water supplies in the vicinity of the 
Alloway Creek Site are the Kirkwood, the Vincentown and the Wenonah-Mount 
laurel. In Salem County, the Kirkwood dips southeastward at approximately 18 feet 
per mile. It is recharged by precipitation in its outcrop area and in areas where it is 
overlain by the Cohansey Sand or by permeable Holocene deposits (Rosenau et al., 
1969). In the vicinity of the study area, the Kirkwood outcrops near Alloways Creek. 
It is approximately 30 to 45 feet thick and yields an average of 50 gallons per 

minute (gpm) (Rosenau et al., 1969). The Vincentown aquifer is approximately 60 
feet thick in the vicinity ofthe study area. The majority of wells in the area appear to 
be screened in the Vincentown. 

The Wenonah-Mount laurel aquifer is used by wells screened deeper than 
approximately 90 feet deep. This aquifer can produce yields of up to 500 gpm 
(Rosenau et al., 1969). 

Well depths in the vicinity of the study area range from 12 to 220 feet deep, with the 
majority installed between 20 and 60 feet deep. The wells are concentrated north of 
the Mill Creek Area and are used for residential water supply. There are no major 
pumping centers in the vicinity of the Alloway Creek Site. 

In some areas in the vicinity of the Alloway Creek Site, groundwater quality has 
been compromised by saltwater intrusion. A groundwater testing program 
conducted by PSEG during the fall of 1995 to evaluate existing groundwater 
conditions in the area, found chloride levels in many wells exceeded the United 
States Environmental Protection Agency's (EPA) secondary maximum contaminant 
guideline level (MCl) of 250 milligrams per liter (mg/l). Chloride levels ranged from 
2 to 1140 mg/l. Most of the wells which were compromised were 30 feet deep or 
less. However, three deeper wells, with depths that were estimated by the residents 
to range from 70 to 90 feet, also had chloride levels ranging from 694 mg/l to 1070 
mgtl. Interviews with residents indicated problems with hard water, and iron and 
copper staining. The presence of iron did not seem to correlate with the depth of 
the wells. Copper problems, however, were indicated for wells between 21 and 35 
feet deep. 
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D. 
• • 

Vegetative Cover 

Six vegetative/cover type communities were identified at the Alloway Creek Site 
prior to initial restoration activities (Figure 4), with various degrees of intergradation 
between them. In addition to the vegetated communities, agricultural land, mud 
flats, developed land and open water areas were also identified. The following is a 
general description of each community prior to initial restoration activities. 

Upland Vegetation I Miscellaneous Cover Categories 

This cover type community includes old fields, deciduous forest, dikes and roads 
present within the Site. Prior to initial restoration activities, this community 
comprised approximately 235 acres. 

~n2rt'l'na spn 'Other rlocirable M!:a_h Vonot!:ation f"':ornn".ni"y "-',.,-_. .... . --...... . .................. ::J_..... .. "" ......... IlL; 

Spartina altemiflora (smooth cordgrass community) was found throughout the 
Alloway Creek Site. Occurring along with smooth cordgrass, particularly along the 
edges of channels, other desirable marsh species occurring in this community were 
big cordgrass (Spartina cynosuroides) and salt marsh bulrush (Scirpus robustus). 
This community type comprised approximately 415 acres. 

Phragmites-Dominated Community 

The Phragmites-dominated (common reed) vegetation community was the 
predominant vegetation type present at the Alloway Creek Site. This community 
type was found in large monotypic stands scattered throughout the restoration area. 
The Phragmites community, as measured from aerial photographs occurred over 
approximately 2,085 acres. 

Non-vegetated Marsh Plain 

Approximately 145 acres of non-vegetated marsh plain was identified at low tide. 
The only significant area of non-vegetated marsh plain occurred within the portion 
known as Abbots Meadow within the eastern portion of the site. Other areas of 
non-vegetated marsh plain occur along the edges of many of the creeks and 
drainage ditches at the Alloway Creek Site. 

Internal Water Areas 

Internal Water Areas include the creeks, drainage ditches and ponded water that 
were present throughout the Alloway Creek Site. The internal water areas typically 
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E. 

• • do not support any significant vegetation and comprised about 215 acres. 

Open Water 

Areas mapped as Open Water represent small portions of major water bodies within 
the site. Open Water comprise approximately 5 acres. 

Wildlife 

Reptiles and Amphibians 

Several northern diamondback terrapins (Malaclemys terrapin) and one snapping 
turtle (Chelydra serpentina) were collected as incidental catches during the fall 1995 
aquatic sampling at the Alloway Creek Site. The only other evidence of reptiles 
found at the Alloway Creek Site was two black rat snakes (Elaphe obsoleta) that 
were found in upland portions of the restoration areas. 

The only amphibians observed at the Alloway Creek Site were tadpoles (Rana spp.) 
that were present within freshwater ponds located adjacent to the central portion of 
the restoration area. 

Birds 

The tidal marshes of the Delaware Estuary are well known as habitat for resident 
and migrant birds, which use these areas for breeding, feeding, and resting. The 
use of the shoreline areas by aggregations of migrating shorebirds in the spring is 
well known. However, migrating shorebirds also use the beaches, mud flats, tidal 
creeks and marshes during their fall migrations. Wintering waterfowl and raptors 
also use the marshes and surrounding habitat. 

The Alloway Creek Site was noted to provide habitat for breeding resident songbirds 
such as the marsh wren (Cistothorus pa/ustris) and red-winged blackbird (Agelaius 
phoeniceus) , and migrant songbirds such as the palm warbler (Dendroica 
palmarum) and swamp sparrow (Melospiza georgiana). The shallow open water 
areas and mud flats (low tide) that occur along the upper extent of tidal channels 
typically were used by species such as the snowy egret (Egretta thula), great egret 
(Casmerodius alb us) , black-crowned night heron (Nycticorax nycticorax) , great blue 
heron (Ardea herodias), greater yellowlegs (Tringa melanoleuca) , and American 
black duck (Anas rubripes). Other common species using this region of the 
Delaware Estuary included the double-crested cormorant (Phalacrocorax auritus), 
common tern (Sterna hirundo), Forster's tern (Sterna forsten), and ring-billed gull 
(Larus delawarensis). 
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F. 

• • Raptor sightings in the vicinity of the Alloway Creek Site included the bald eagle 
(Haliaeetus leucocephalus), northern harrier (Circus cyaneus), red-tailed hawk 
(Buteo jamaicensis), red-shouldered hawk (Buteo lineatus) and American kestrel 
(Falco sparverius). 

The upland areas that adjoin the tidal marshes of the Alloway Creek Site were noted 
to provide a wide variety of habitats for resident and migrant songbirds. Resident 
species included the downy woodpecker (Picoides pubescens), blue jay (Cyanocitta 
cristata), and song sparrow (Melospiza melodia). Common migrants included the 
yellow-rumped warbler (Dendroica coronata) and ruby-crowned kinglet (Regulus 
calendula). 

Mammals 

The number of mammal species occurring on the Alloway Creek Site was limited by 
the relatively low diversity ofterrestrial habitats present. Foraging evidence, scat or 
tracks of raccoon (Procyon lotor), muskrat (Ondatra zibethicus), white-tailed deer 
(OdocoiJeus virginianus), eastern cottontail rabbit (Sylvi/agus f1oridanus), and 
opossum (Didelphis virginiana) were present throughout the restoration area. 

Those mammals observed on the Site were eastern cottontail rabbit, muskrat and 
white-tailed deer. 

The most abundant group of mammals present was small mammals, represented 
by several species that occurred in open herbaceous habitats or various ecotones. 
Based on the results of the field collection, the white-footed mouse (Peromyscus 
leucopus) was a common species, primarily found along edges of different 
vegetative communities (e.g., fields, scrub-shrub). The house mouse (Mus 
musculus), meadow vole (Microtus pennsylvanicus), and masked shrew (Sorex 
cinereus) also were noted. 

Aquatic Fauna 

Based upon field and literature documentation, use of the Alloway Creek Site by 
aquatic fauna varied throughout the year in response to seasonal activity changes 
and migratory movements. The following description of the Site use was based on 
aquatic inventory field studies conducted by PSEG during fall 1995. These field 
studies were implemented by PSEG to provide an initial evaluation of the use ofthe 
wetland restoration area by aquatic fauna. 

Zooplankton 

Copepods, rotifers and barnacle larvae made up the majority of zooplankton 

13 
Alloway Creek Watershed Phragmites-Dominated 
Wetland Restoration Management Plan 

File#152.543(M) 
EEP04022 



-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

G. 

• • collected at the Alloway Creek Site. The most abundant zooplankter were nauplii 
copepods. Many of the adult copepods were represented by Acartia tonsa, a very 
common estuarine species. The types of zooplankton collected are common in 
estuarine habitats. 

Fish and Macroinvertebrates 

The species of fish and macroinvertebrates collected at the Alloway Creek Site were 
common inhabitants of the Delaware Estuary and its tributaries. The 
macroinvertebrates found at the Alloway Creek Site included both mobile epibenthic 
(i.e., residing on and above the bottom sediment) and infaunal benthic (residing 
within bottom sediment) types. Three species of epibenthic invertebrates were 
collected at the Alloway Creek Site. The most abundant invertebrate species was 
the blue crab (Callinectes sapidus). The grass shrimp (Palaemonetes sp.) and sand 
shrimp (Crangon septemspinosa) were also collected. The most abundant group of 
infaunal benthic macroinvertebrates found in sediments at the Alloway Creek Site 
were oligochaete worms, which composed approximately 85 percent of all 
organisms collected during the fall 1995 sampling effort. The polychaete worms 
Laenereis culveri and Polydora sp. were the second and third most abundant 
organisms recovered. In addition to annelids, isopods, amphipods, decapods 
(crabs, shrimp), molluscs were also recovered in the benthic samples. The species 
that made up the benthic community at the Alloway Creek Site are common 
inhabitants of the Delaware Estuary, and are typical of the soft-bottomed 
environment found in the drainage channels. 

Silversides (Menidia spp.) were the most abundant species offish captured at the 
Alloway Creek Site during the fall of 1995, with the mummichog (Fundulus 
heteroc/itus) as the second most abundant species. The white perch (Morone 
americana), Atlantic menhaden (Brevoortia tyrannus) , bay anchovy (Anchoa 
mitchil"), weakfish (Cynoscion regalis) , gizzard shad (Dorosoma cepedianum), and 
striped bass (Morone saxatilis) were also common in the collections. Eleven other 
species of fish were also collected at the Alloway Creek Site. 

Rare, Threatened and Endangered Species/Significant Natural Communities 

The potential for occurrence of rare, threatened and endangered species and 
significant natural communities at the Alloway Creek Site was an important 
consideration in the assessment of the Site's habitat values. NJDEP listed 
endangered species in the Division of Fish and Wildlife regulations at N.J.A.C. 7:25 
- 4.13, and defined the status of all indigenous wildlife species in New Jersey at 
N.J.A.C. 7:25 - 4.17. Included in the latter list were indigenous species that were 
considered to be endangered, threatened or declining. The list of species and their 
status in New Jersey was adopted May 6, 1991, and was published in the New 
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• • Jersey Register on June 3, 1991. This list included species considered to be 
threatened or endangered by the U.S. Department of Interior, Fish and Wildlife 
Service (F&WS) under the federal Endangered Species Act. 

The information used to describe threatened and endangered species and 
significant habitats was supplied, in part, by the NJDEP Division of Parks and 
Forestry, Office of Natural Lands Management, Natural Heritage Program (NHP); 
and the F&WS. The NHP data consisted of both observation records and lists of 
species potentially occurring on the Alloway Creek Site. The observation records 
indicated that the osprey (Pandion haliaetus), listed as threatened by the NJDEP, 
was sighted on the eastern edge of Money Island, approximately 1,300 feet south of 
Black Ditch in 1987. The NHP database also contained three observation records 
from the area within two miles of the Alloway Creek Site. The records included 
sightings of two bald eagles, listed as endangered by the NJDEP, and an additional 
osprey. One osprey and one bald eagle were also observed at the Alloway Creek 
Site during the autumn 1995 field surveys conducted by PSEG. Osprey had 
historically nested on transmission towers that traversed the Site. The F&WS 
indicated that the bald eagle was a federally-listed threatened species4 that was not 
known to nest in the vicinity of the Alloway Creek Site. The osprey was not listed by 
the F&WS. 

The F&WS also had records that the rare skipper butterfly (Problema bulenta) and 
the diamondback terrapin occurred within the Alloway Creek Site. Both were 
considered to be "species of special concern" by the F&WS, and were thus under 
consideration for possible inclusion on the federal list of "Endangered and 
Threatened Wildlife and Plants". As noted previously, the diamondback terrapin 
was also observed on the Alloway Creek Site during field studies conducted during 
the fall of 1995. 

Other species observed by PSEG at the Alloway Creek Site that were listed by the 
NJDEP as threatened or endangered included the great blue heron, red shouldered 
hawk, northern harrier, and the savannah sparrow (Passerculus sandwichensis). 

In addition to the observation records of rare species and natural communities on or 
adjacent to the Alloway Creek Site, the NHP provided a general listing of rare 
species and natural communities that have been documented in Salem County. 
Many of the species on this list had no state or federal legal status, but were 
considered rare or uncommon in New Jersey. A listing of those species that were 
designated by the NJDEP as either threatened or endangered and that had a 

4A Final Rule reclassifying the status of the bald eagle from endangered to threatened was 
published by the U.S. Fish and Wildlife Service in the Federal Register on July 12, 1995. The effective 
date of this reclassification is August 11, 1995. 
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• • potential to occur on the restoration sites is provided in Table 1. Species in this 
listing that are additional to those discussed previously in this section are the 
grasshopper sparrow (Ammodramus savannarum) , sedge wren (Cistothorus 
p/atensis) , peregrine falcon (Fa/co peregrinus) , pied-billed grebe (Podi/ymbus 
podiceps), and vesper sparrow (Pooecetes gramineus). 

The NHP also identified "priority sites" for natural diversity in New Jersey. Priority 
sites represent the State's best habitats for rare and endangered species and 
natural communities. There were no priority sites located within or adjacent tethe 
boundaries of the Alloway Creek Site. The closest priority site, the Mannington 
Meadow Macrosite, is located approximately four miles northeast of the Alloway 
Creek Site. The Mannington Meadow Macrosite includes brackish marshes and 
some forested edge that provides resting and feeding habitat for wintering bald 
eagles, and it includes a bald eagle nest site by Mannington Creek. 
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• • 
Table 1 

Potentially Occurring Threatened and Endangered Species 
Alloway Creek Watershed Phragmites-Dominated Wetland Restoration Site 

Common Name 

Birds 

Bald eagle(a,b) 

Northern harrier(b) 

Osprey (b) 

Red shouldered hawk(b) 

Peregrine falcon 

Great blue heron(b) 

Grasshopper sparrow 

Savannah sparrow(b) 

Vesper sparrow 

Sedge wren 

Pied-billed grebe 

Notes: 

Scientific Name 

Haliaeetus JeucocephaJus 

Circus cyaneus 

Pandion haliaetus 

Buteo lineatus 

Falco peregrinus 

Ardea herodias 

Ammodramus 
savannarom 

Passerculus 
sandwichensis 

Pooecetes gramineus 

Cistothoros platensis 

Podilymbus podiceps 

State Status Federal Status 

E LE/LT(a) 

E/U 

TIT 

EIT 

E LEISA 

T/S 

TIT 

TIT 

E 

E 

ElS 

(a) Federal Status as listed in the NHP database. A Final Rule reclassifying the status of the bald eagle from 
endangered to threatened was published by the U.S. Fish and Wildlife Service in the Federal Register on July 12, 
1995. The effective date of this reclassification is August 11, 1995. 
(b) Species observed within the Alloway Creek Site 

Explanation of state status codes: 
E= Endangered: immediate danger of extirpation from area of jurisdiction 
T= Threatened: may become endangered if conditions deteriorate 
S= Stable species 
U= Undetermined 
Status for species separated by a slash (I) indicate dual status. First status refers to the state breeding 
population, and the second status refers to the migratory or winter population. 

Explanation of federal status codes: 
LE= Taxa formally listed as endangered 
LT= Taxa formally listed as threatened 
LE/SA= Listed Endangered/Similarity of Appearance 
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H. • • Cultural and Historic Resources 

Because of the close proximity of both the Alloways Creek and the Delaware River, 
some areas of the Alloway Creek Site have a history of habitation that dates to 
prehistoric times. Overviews of archaeological investigations in the mid-Atlantic 
region and particularly in the Delaware Bay region concluded that prehistoric 
archaeological sites tended to be located on slightly higher ground along waterways 
and in areas overlooking tidal marsh environments where fresh water would have 
also been accessible. Paleographic studies have indicated that the Alloway Creek 
Site would have been above sea level during most of the last 11,000 years and that 
coastlines have receded over that period. As a result, many ofthe region's earliest 
coastal prehistoric sites were now thought to be offshore and deeply buried under 
sediments. However, results of previous investigations in the Delaware Bay region 
indicated that prehistoric sites dating from the Late Archaic through European 
Contact may have been present on the Site. 

The following provides a summary of the known archaeological and historical 
resources that occur on and near the Alloway Creek Site. 

Archaeological Resources 

Relatively few systematic archaeological surveys have been conducted in Salem 
County. The bulk of information about archaeological resources in the area comes 
from two early 20th century studies of New Jersey (Skinner and Schrabisch, 1913; 
Cross, 1941). A review of the recorded archaeological sites indicated that one site 
was recorded within the Alloway Creek Site and that three sites were in close 
proximity to the Site. 

The recorded archaeological site located on the Alloway Creek Site occurred in an 
upland area around an extant home site dating to the mid to late 19th century. 
Artifacts recovered from the area included jasper, quartz and quartzite flakes, and 
two large "choppers" made of local pebble quartzite. Diagnostic artifacts included a 
ground celt, made of fine schist and exhibiting heavy use-wear, and a Cohansey 
quartzite projectile point tip. Scattered finds were also identified on maps on file at 
the New Jersey State Museum. Three such finds were located within the limits of 
the Alloway Creek Site. The notations indicated widely scattered prehistoric artifacts 
of unknown cultural affiliation. 

The potential for the occurrence of archaeological resources also has been 
identified at several additional locations on the Alloway Creek Site. These areas 
may be situated on upland areas adjacent to wetlands, on isolated areas of slightly 
higher ground surrounded by wetlands or along the banks near the mouths of 
primary waterways. 
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• • 
Historical Resources 

A cultural resources survey of Salem County was completed in 1984 to record the 
buildings and monuments that represent the historical development of the county. 
The survey concluded that "the built environment of Salem County reflects the 
Anglo-American agrarian heritage of its early inhabitants and the industrialization 
and agricultural expansion of the nineteenth and early 20th centuries (Thomson and 
Dickey, 1984). Based on this survey and other data sources, PSEG compiled an 
inventory of historic resources in the region of the Alloway Creek Site as part of a 
Phase 1A Cultural Resources Survey. 

In order to address the NJDEP - Historic Preservation Office's comments to the 
Phase 1A Cultural Resources Survey, a Phase 1 B Cultural Resource Investigation 
report was compiled. This Phase 1 B evaluated the significance of all structures 
located on the project site and around its perimeter of potential effect as well as the 
potential rural historic landscapes, as defined by Nation Register Bulletin 30, 
Guidelines for Evaluating and Documenting Rural Historic Landscapes. The 
conclusion of the Phase 1 B determined that there is a potential rural historic district, 
designated the Elsinboro/Lower Alloways Creek Historic District and that at least 22 
structures are individually eligible for listing on the National Register of Historic 
Places. Based on PSEG's proposed activities at the Alloway Creek Site, the affect 
on the viewshed will not be an adverse one. 

Agriculture was the predominant industry in Elsinboro and Lower Alloways Creek 
Townships, and salt hay farming was practiced in the late 17th and 18th centuries. 
Harvested salt hay was carried on flat boats or scows up the rivers into the interior 
and was baled and shipped to cities and resorts along the shore (Weiss and Weiss, 
1965). 

As salt hay farming expanded, additional measures were needed to help build and 
maintain the salt hay farming industry. In 1778, the Legislature of New Jersey 
passed a law authorizing the formation of meadow bank companies to bank and 
drain the meadows and swamp lands (Cushing and Sheppard, 1883). Such 
meadow bank companies operated within the marsh areas that compose much of 
the Alloway Creek Site. 

Because the importance of the area dated to the late 17th century, the historical 
resources in the vicinity of the Alloway Creek Site are numerous. One of the 
country's largest and best concentrations of 18th century pattern brick houses 
occurs nearby. Various structures on uplands immediately adjacent to the Alloway 
Creek Site may have historic significance. 
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v. 

A. 

• • It is also believed that a gristmill was constructed by Joseph and David Morris on 
Mill Creek and was operated for 15 to 20 years during the third quarter of the 18th 
century. Dikes were identified on an 1889 map of the Site, and some of these 
remain. Investigations by historical consultants indicated thatthe dikes do not retain 
sufficient integrity to be considered eligible for listing on the State and/or National 
Register. 

ALLOWAY CREEK WATERSHED PHRAGMITES-DOMINATED WETLAND 
RESTORATION AND MANAGEMENT PROVISIONS 

Wetland Restoration Provisions 

Prior to the initial application of Rodeo® with a surfactant and prescribed burning at 
the Alloway Creek Site, PSEG collected data on the surface and groundwater 
hydrology of the Alloway Creek Site, including data such as tidal elevations, tidal 
ranges, drainage channel cross-sections, and drainage channel density. However, 
the presence of dense stands of Phragmites prevented the collection of data 
concerning drainage characteristics interior to the site and other factors such as 
topography that may have been directly related to the dominance of Phragmites. 
Based on the pre-restoration data, PSEG developed a conceptual design that 
consisted of the application of Rodeo® or its equivalent with a surfactant followed by 
prescribed burning and then modification of existing channels and excavation of 
additional channels to re-establish a natural hydroperiod. However, following the 
removal of dead standing Phragmites stalks by prescribed burning, the presence of 
smaller channels was identified. Tidal data collected on the marsh plain in areas 
previously dominated by standing Phragmites indicated that no appreciable tidal 
restrictions existed at the Site and the Site experiences a natural hydroperiod. 
Therefore, no additional channel excavation was necessary. Additionally, 
evaluation ofthe marsh plain indicated the absence of rivulets and microtopography 
typically present in Spartina-dominated marshes, the absence of the sloping creek 
banks in several areas, and the presence of remnant dikes. Following Phragmites 
spraying and burning, the marsh plain has been made available for the re
establishment of Spartina species and other desirable marsh vegetation. 

Pre-Restoration 

Land-use activities within the Alloway Creek Site, such as residential uses, hunting, 
trapping and fishing, were not affected during the pre-restoration time period. 
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B. • • Wetland Restoration Design and Construction 

The occurrence and patterns of Phragmites distribution at the Alloway Creek Site 
have developed in response to natural and man-made disturbances. Phragmites 
became established in artificially elevated areas created during ditch excavation and 
spoil disposal, in filled areas such as dikes and levees, and on natural upland edges 
adjacent to marshes. This establishment was likely facilitated by the previous 
agricultural use of these areas that involved the construction of dikes to control tidal 
flooding. Once established on the remnants of these dikes and other disturbed 
areas associated with the previous use of these marshes, Phragmites has spread 
into adjacent areas and has out-competed desirable marsh vegetation over much of 
the marsh plain surface. 

Phragmites grows in dense stands and is characterized by a high rate of litter 
production. Phragmites also has an influence on marsh plain hydrology through its 
ability to "fill in" the microtopographic relief of the marsh surface. Small streams or 
rivulets are filled, thereby flattening the marsh plain. This condition alters the soil 
properties and allows Phragmites to spread rapidly through rhizomes into lower 
elevations on the marsh surface. 

At the Alloway Creek Site, the above stated processes resulted in development of a 
marsh mosaic, with Spartina species areas occurring adjacent to, and in many 
cases, encircled by Phragmites. Observation of historical aerial photographs and 
maps indicated that, without intervention, Phragmites would continue to spread into 
the lower elevations and replace desirable marsh vegetation. 

The benefits of controlling Phragmites include: 1) inducing the re-establishment of 
smaller channels, 2) providing a suitable substrate for colonization by more 
desirable species, 3) improving the quality of fish habitat, 4) decreasing the 
availability of Phragmites seed and the potential for the spread of Phragmites by 
rhizomes in the immediate area, and 5) reduced shading of the developing desirable 
plant species. 

Overview of Selected Design 

The wetland restoration program for the Alloway Creek Site is a multi-phased 
approach that includes: baseline field data collection, initial Phragmites control and 
prescribed burning, additional field data collection, continued Phragmites control 
and marsh plain modifications. These phases are discussed below. 

Baseline Data Collection. Biological, geomorphic, hydrologic and chemical data 
was collected prior to removal of the Phragmites to establish baseline 
characteristics, and to support the restoration design. These data provided detailed 

"1 LI 

Alloway Creek Watershed PIHagmites-Dominated 
Wetland Restoration Management Plan 

File#152.543(M) 
EEP04022 



-
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• • documentation of the initial conditions on the marsh plain as impacted by dense 
stands of Phragmites. 

Initial Phragmites Control and Prescribed Burning 

Application of Rodeo® with a Surfactant. Following the collection of baseline 
data in Phragmites-dominated areas, Phragmites control efforts were initiated. The 
areas indicated as Phragmites in Figure 4 were treated with the herbicide Rodeo®, 
which was manufactured by Monsanto. Rodeo® is a non-selective herbicide with 
the active ingredient glyphosate. Glyphosate is the common name of N
(Phosphonomethyl) glycine. Specifically, glyphosate is thought to interrupt a plant 
enzyme required for the production of several essential amino acids, interfering with 
protein synthesis and inhibiting the resprouting of aerial stems from the rhizome mat 
the following spring. 

To enhance the absorption of Rodeo®, a surfactant that acts as a wetting agent was 
added to the Rodeo®. The use of a surfactant aids in binding the Rodeo® to the 
plant surface, and thus reduces the amount of Rodeo® required to control the 
regrowth of Phragmites. The use of a non ionic surfactant for herbicide use is 
recommended by the manufacturer, as shown on the product label, for application 
with Rodeo®. Two such surfactants include X-77® and U-700®. 

X-77® is an alkylphenol ethoxylate (APE) nonionic surfactant. X-77® belongs to the 
nonylphenol ethoxylated (NPEO) subgroup ofthe APE nonionic surfactants. NPEO 
surfactants are common in detergents, agricultural chemicals, products used for 
fabric dyeing, water-based paints, and adhesives. Biodegradation of NPEO is 
typically via microorganisms. NPEO components of X-77® have been shown to 
decrease within days of application. 

U-700® is a lecithin-based surfactant that can be used as an alternative to X-77®. It 
consists of a mixture of phosphatidylcholine and methylacetic acid. U-700® has a 
lower base toxicity than X-77®. 

The X-77® surfactant was used in the 1996 application of Rodeo® and the surfactant 
U-700® was used in 1997. U-700® was used in the second treatment at the Alloway 
Creek Site in 1998 in areas that were treated for the first time in 1997. 

Rodeo® was applied in accordance with the manufacturer's label and 
recommendations to the Phragmites-dominated areas, after the majority of the 
Phragmites plants had tasseled. Summer or fall is the period when the plants 
actively translocate nutrients to their rhizome systems. Since Phragmites 
regenerates primarily through the spread of rhizomes and many stands have 
extensive rhizomes, systems are weakened or killed through the application of 

Alloway Creek Watershed Phragmites-Dominated 
Wetland Restoration Management Plan 

._.r 
L_I 

File#152.543(M) 
EEP04022 



I 
I 
I 
I 
I 
I 
I, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• • Rodeo® with a surfactant. It takes several weeks for the Phragmites to die after the 
application of Rodeo® with a surfactant. 

The Rodeo® with a surfactant was sprayed aerially by helicopter over the broad 
stands of Phragmites in 1996 and 1997. The helicopter was equipped with a spray 
system to apply the Rodeo® with a surfactant. The Rodeo® with a surfactant was 
manually applied (as opposed to aerially applied) to the buffer areas with varying 
widths, depending on adjacent vegetation and land use. Manual application of the 
Rodeo® with a surfactant protects vegetation adjacent to the buffer from over-spray. 
The designated buffer areas were sized in accordance with NJDEP-issued permits 
for this Site. 

Prescribed Burning. Following the initial application of Rodeo® with a surfactant, 
dead Phragmites stalks were removed by a prescribed burn, wherever possible. 
Burning removes the shading effect of the stalks, reduces the litter layer, covers the 
soil with potash (natural fertilizer), and removes old stalks that can intercept the 
second application of Rodeo® with a surfactant. Once the marsh plain was exposed 
to light, seeds brought in by the tides or present in the marsh soil seed bank 
germinated and began to establish vegetative cover in areas of the Site. 

Prior to initiating the prescribed burn, PSEG, in conjunction with the NJDEP's 
Bureau of Forest Fire Management and the local fire department, developed a 
detailed burning plan and obtained all necessary permits. PSEG also provided 
public notification in accordance with the provisions described in Section F: Public 
Notification Process. The prescribed burn was conducted in the winter of 1997 and 
1998, following the application of Rodeo® with a surfactant the previous fall. 

The dead stands of Phragmites within the restoration area were separated into 
different burn units. The burn units were based on landscape features and burn 
schedules for individual units were based on wind direction, wind speed, tides, 
Phragmites moisture content, air temperature, and humidity. The prescribed burn 
was conducted only under appropriate wind conditions. Hand-held drip torches or 
fuel dropped from a specially designed drip torch attached to the helicopter by cable 
was used to start the fires. 
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• • To protect woodlands, agricultural fields, residences and roads, firebreaks were 
installed where feasible. Where possible, natural firebreaks were used, and tidal 
channels, expanses of inundated tidal marsh, roads, and diked or harvested 
agricultural fields served as natural firebreaks. Firebreaks were constructed by 
manually cutting or flattening dead stalks of Phragmites. 

The presence of PSEG's high voltage transmission lines which traverse the western 
portion of the restoration area, was considered when developing a program for 
Phragmites removal. The particulates and the smoke generated during a 
prescribed burning can cause short circuiting of these transmission lines. 
Therefore, the removal of dead stalks by prescribed burning was performed outside 
the minimum buffer zone surrounding the power lines, orwhen the power lines were 
out of service. When the lines were in service, the burning was conducted when 
wind conditions were such that smoke was carried away from the transmission lines. 

A field crew was onsite to assist in ignition and fire control. A helicopter was used 
for igniting and monitoring the fire, and a "water bucket" was available for fire 
control. Ground-based fire control equipment was available at the restoration sites. 
The leader of the field crew was experienced with prescribed burning techniques, 
and familiar with the Site and adjacent property conditions. 

Additional Field Data Collection. Following the removal of the Phragmites 
vegetative cover, additional data were collected to support the engineering design 
for continued Phragmites control and marsh plain modifications at the Alloway 
Creek Site. Additional data collected includes: topographic and planimetric data, 
channel cross sections and velocities, tidal data, sediment characterization, 
vegetation data, and microtopography test plot data. The additional data collected 
and evaluated will also be used to support Phragmites control techniques as 
implemented through the Adaptive Management Process which is discussed below. 

Topographic and planimetric data were collected that indicated the presence of 
many smaller channels that had been obscured by the Phragmites stalks. The 
channel densities were similar between areas previously dominated by Phragmites 
and the areas of existing Spartina within the Site and within reference marshes. 
However, rivulets and microtopography, typically present in Spartina-dominated 
areas, were not present in areas that were previously Phragmites-dominated. The 
topographic data collected also indicated the presence of numerous remnant dikes 
and piles of material that had been deposited on the marsh plain during previous 
channel or ditch excavation. The data collected also indicated in several areas 
throughout the Site the absence of sloping creek banks in areas of the Site, that 
typically are present in Spartina-dominated marshes. 

Additional tidal monitoring was conducted at the Site during 1997 and 1998, 
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• • following the removal of Phragmites cover. The tidal data throughout the Alloway 
Creek Site indicated that no appreciable tidal restrictions exist at the Site. Based 
upon this data, no additional channels are needed at the Alloway Creek Site to 
enhance tidal flow to the marsh plain. 

Additional sediment sampling and analyses were also performed. Sediment core 
samples from Phragmites-dominated areas and Spartina altemiflora-dominated 
areas were taken and analyzed for organic material content. Based upon the 
analyses and comparison, it is expected that the marsh plain elevation in previously 
Phragmites-dominated areas will subside approximately 0.3 feet following the decay 
of Phragmites rhizomes and breakdown of organic material. For the basis of 
developing techniques for continued Phragmites control and to account for the 
anticipated marsh plain subsidence, the projected MHHW elevation on the marsh 
plain was determined by adding 0.3 feet to the existing MHHW elevation. 

PSEG conducted vegetation mapping of the Site from aerial photography during 
1997. Following the initial application of Rodeo® with a surfactant and prescribed 
burning, portions of the marsh plain remained predominantly unvegetated through 
the summer of 1997, although remnant live Phragmites stalks were present 
throughout the site. Field observations during the summer of 1998 indicated 
revegetation of the marsh plain by desirable marsh vegetation, however, 
Phragmites rhizomes have continued to sprout and/or spread. 

In consultation with the MPAC, a test plot program was developed to determine the 
relative efficacy of different techniques for long-term control of Phragmites. This 
program was based upon observations of differences in vegetation, absolute 
elevation, marsh surface conditions (variable and textured at Spartina-dominated 
areas versus uniformly flat at Phragmites-dominated areas), drainage patterns 
(channeled versus sheet flow), and soil chemistry between Spartina-dominated 
marshes and Phragmites-dominated marshes. The program included six test plots 
at the Site and three test plots at the Cohansey River Watershed Phragmites
Dominated Wetland Restoration Site. This program was reviewed with, and 
approved by, both the NJDEP and the U.S. Army Corps of Engineers. 

As a part of the approval process, these agencies considered the potential for 
adverse effects associated with the program, including impacts on water quality, 
increased habitat for mosquitoes, and adverse effects on fauna associated with 
experiments regarding changes in soil chemistry. 

Sediment cores (>30 cm) were extracted in each plot. Before any modifications 
were undertaken, the sediments were analyzed and compared to sediment at the 
Phragmites-dominated marshes with sediments from the EEP's Spartina-dominated 
marshes along the Delaware Bay. Sulfide concentrations in sediment of Spartina-
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• • dominated areas were many times greater than those of Phragmites-dominated 
areas. Most of the Phragmites sediment had no detectable sulfide (the highest 
values were about 200n:M) while Spartina areas had concentrations as high as 
60001lM. During the program, treatments were done to increase sulfide 
concentrations within the sediment by injecting low levels of sulfate into the marsh 
surface. The low-level additions did not result in a statistically measurable change 
in sediment sulfide concentration. 

The test plots were designed to test various techniques for changing local 
conditions in a Phragmites-dominated marsh to approximate those found in 
Spartina-dominated areas. Techniques were intended to change the marsh surface 
texture and elevation, to break up the Phragmites root/rhizome mat, allow water to 
penetrate and saturate the sediment more readily, encourage growth of Spartina 
and encourage the formation of rivulets. Field observations throughout the summer 
showed that this mechanical disruption did not increase erosion from the areas nor 
did it increase mosquito habitat as no mosquito larvae were found and Fundu/us 
juveniles were abundant in the areas of the plots where water pooled. In the areas 
seeded with Spartina a/temiflora, subsequent observations showed that the seeds 
germinated and grew and were not damaged or inhibited by the scarification. 
Seeding was necessary because the scarification was not begun until too late for 
natural seeding of Spartina a/temiflora. 

Continued Phragmites Control and Marsh Plain Modifications 

The conclusions drawn from the additional field data collection led to the 
development of several Phragmites control techniques. These techniques were 
developed and implemented (Figure 5.1) to evaluate potential mechanical 
Phragmites control techniques. Techniques implemented included changing marsh 
plain conditions to promote the recolonization of desirable marsh vegetation through 
remnant dikeand spoil pile removal and microtopographic modifications. In addition 
to the marsh plain modifications, other potential techniques to control Phragmites 
and encourage re-vegetation by desirable vegetation were implemented where 
required. These techniques included: mowing, mowing and seeding, seeding and 
planting on the marsh plain and designated upland edges, and the application of 
Rodeo® or its equivalent with a surfactant. 

Alloway Creek Watershed Phragmites-Dominated 
Wetland Restoration Management Plan 

File#152.543(M) 
EEP04022 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• • Remnant Dike and Spoil Pile Removal. Because remnant dikes and spoil piles 
were at an elevation above MHHW, Phragmites regrowth at these features typically 
out-competes other species. The Phragmites regrowth would be a source for 
reinvasion into the adjacent marsh plain. Therefore, remnant dikes and spoil piles 
were removed and graded, following receipt of permits. 

Tidal velocities and cross sections were measured in creeks adjacent to the 
remnant dikes. Where creek velocities were less than two feet/second, the remnant 
dikes were graded to create shoals, or sloped creek banks, adjacent to the marsh 
plain. The shoals provide an increased intertidal zone with slopes similar to those 
observed in the reference marshes and at Abbotts Meadow within the Site. A 
typical cross-section is shown in Figure 5.2. 

Remnant dikes that were not graded to create shoals were used to create upland 
islands where appropriate. Upland islands are an existing feature of the Alloway 
Creek Site and are typically vegetated with shrubs and a variety of hardwood trees. 
Creation of upland islands increases the habitat diversity of the Site. To reduce the 
potential for infestation by Phragmites, the created upland islands were seeded and 
planted. Grasses, shrubs, and trees planted on the islands included: bent grass 
(Agrostis st%nifera) , wax myrtle (Myrica cerifera), eastern red cedar (Juniperas 
virginiana) , red maple (Acer rubrum) , and black cherry (Prunus serotina). 

Spoil piles put on the marsh plain during previous ditching were locally graded. 
These piles were above MHHW and would have continued to provide a source of 
Phragmites reinfestation. The material spread remained below existing MHHW 
elevation. In areas where the adjacent marsh plain was at an elevation between 
MHWand MHHW, the spoil piles were used to create upland islands. To reduce 
the potential for infestation by Phragmites, the created upland islands were seeded 
and planted as discussed above. The created islands (from both remnant dikes and 
spoil piles) were primarily less than one quarter of an acre, and approximately 20 
islands were created. A typical upland island is shown on Figure 5.3. 

Microtopography. Areas previously dominated by Phragmites at the Alloway 
Creek Site lack surface topography and sediment conditions typical of Spartina 
a/temiflora-dominated areas. To increase the competitive advantage of Spartina 
spp. and other desirable marsh vegetation over Phragmites, PSEG performed 
surface modifications to the marsh plain (microtopographic modifications). It was 
hypothesized that these modifications will modify soil properties and characteristics, 
provide an irregular topography for seed set, encourage the decay of Phragmites 
rhizomes, and promote the development of rivulets. Microtopographic modifications 
were implemented in accordance with permits and necessary approvals. 
Microtopographic modifications were performed in limited areas of the Site, with 
future microtopographic modifications addressed via the Adaptive Management 
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• • Process. 

The following criteria was considered in selecting locations to implement the 
modifications: 

• Minimal disruption to desirable marsh vegetation; or 
• More than half of the vegetated marsh plain is made up of 

Phragmites; or 
• The marsh plain is unvegetated; and 
• Accessibility 

Limited areas where microtopographic modifications were performed were seeded 
to encourage rapid recolonization of Spartina a/temiflora and desirable marsh 
vegetation. Seeding consisted of species that were present at the site prior to the 
invasion of Phragmites. Seeding included: S. a/temiflora, Scirpus spp., arrow arum 
(Pe/tandra virginica) , and cattail. 

Marsh Plain Mowing. Mowing was the primary mechanical method implemented 
(as a potential alternative to glyphosate application) to evaluate control and 
weakening of Phragmites on the marsh plain. Although mowing was not expected 
to eradicate Phragmites, mowing was implemented to evaluate the stress to 
Phragmites stalks, thereby reducing their ability to migrate by rhizomes. Portions of 
the marsh plain where mowing was performed, were seeded with Spartina 
a/temiflora and other desirable marsh vegetation. 

Upland Edge Source Control. Mowing was the primary mechanical method 
implemented (as a potential alternative to glyphosate application) to evaluate the 
reduction of spread of Phragmites from adjacent upland/transition areas to the 
marsh plain or from adjacent properties. Although mowing was not expected to 
eradicate Phragmites, mowing was implemented to evaluate the stress to 
Phragmites stalks, and reducing their ability to migrate into the adjacent marsh plain 
through the rhizomes. 

Application of Rodeo® with a Surfactant. Application of Rodeo®, a glyphosate
based herbicide, with a surfactant is a common Phragmites control technique. In 
2001, equivalent glyphosate-based herbicides became commercially available, as 
the Monsanto patent expired for Rodeo®. Future applications of Rodeo®, or an 
equivalent glyphosate-based herbicide with a surfactant, will be addressed via the 
Adaptive Management Process discussed below. 

The above design features were implemented within the restoration areas that 

5 The restoration area is that area within the Site where the marsh plain is primarily is at or below 
an elevation of MHHW within which restoration activities and adaptive management activities are 
implemented. 
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• • comprised approximately 2813 acres. However, during 2001 it became apparent to 
PSEG that achieving compliance with the final success criteria on approximately 
1,200 acres of the Site would require the repeated application herbicide to a 
substantial number of those acres for multiple years. PSEG's goal for the EEP 
continues to be to complete, in accordance with this management plan, the 
successful restoration/preservation in a manner that is ecologically sound, is 
consistent with all applicable Permit and regulatory requirements, promotes an 
efficient regulatory process, and appropriately recognizes the views of interested 
parties. While PSEG believes the ACW site can be successfully restored and the 
use of a glyphosate-based herbicide equivalent to Rodeo® poses no significant risk 
to human health or the environment, it was recognized that the activities necessary 
to restore a portion of the site are inconsistent with both the NJDEP's and interested 
third parties' views on the application of glyphosate. Therefore, In July 2001, PSEG 
reduced the restoration area within the Site from approximately 2813 acres to 
approximately 1600 acres (Figure 5.1). Adaptive management activities as 
described below will continue within this revised restoration area, if required. 

Management Provisions 

Restoration of Spartina Species and Other Desirable Marsh Vegetation. 
Following Phragmites spraying and burning, the marsh plain was made available for 
the re-establishment of Spartina species and other desirable marsh vegetation. In 
addition to Spartina, other desirable marsh vegetation continue to recolonize the 
Site including: Scirpus spp., salt marsh fleabane (Pluchea purpurascens), cattail, 
arrow arum, water hemp (Amaranthus cannabin us) , smartweed (Polygonum spp.), 
spike rush (Eleocharis spp.), sweet flag (Acorus clamus), marsh orach (Atriplex 
patula), sedges, rose-mallow (Hibiscus mosheutos), salt marsh asters (Asterspp.), 
swamp dock (Rumex verticillatus), Walters millet (Echinochloa walten), and pickerel 
weed (Pontederia cordata). Seeds of desirable salt marsh species present within 
the marsh soil seedbank and seeds from nearby salt marshes have germinated. 
Recolonization by native species is expected to increase yearly. 

Some Phragmites is also expected to recolonize some of the sites. Additional 
Phragmites control methods will be consistent with the Adaptive Management 
Process and will be implemented after consultation with the EEPAC, if appropriate, 
and in accordance with federal, state and local permits. 

Cultural Resource Considerations 

It is not anticipated that the proposed restoration design will have any adverse 
impacts on cultural resources. Known archaeological sites within the Alloway Creek 
Site are located below ground, and will not be affected by the proposed application 
of herbicide with a surfactant and burning of dead stalks. As disruption to the marsh 
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• • plain will occur within areas currently subject to tidal inundation, it is unlikely that 
archaeological sites will be adversely affected. If cultural resources are 
encountered during project implementation or management, the New Jersey State 
Historic Preservation Office will be consulted and the appropriate actions taken. 

The potential historical architectural resources on uplands adjacent to the Alloway 
Creek Site will not be affected by the wetland restoration. 

Adjacent Landowner Concerns 

Flooding. The restoration area at the Alloway Creek Site is currently inundated on 
a daily basis during periods of high tide. Tide measurements taken within the main 
channels of the sites showed very little attenuation in the peak water surface 
elevations when compared to the Delaware River. The peak water surface 
elevations in the higher order channels of the sites will not increase as a result of 
the wetland restoration activities. 

Wetland restoration at the Alloway Creek Site will be accomplished by eradicating 
the existing monotypic Phragmites stands within the marsh and performing 
continued Phragmites control and marsh plain modifications, where appropriate. As 
remnant dike removal was performed only within areas internal to the Site where the 
dikes no longer functioned as flood protection features, no hydrologic or other type 
of modification is contemplated that could result in an increased tidal range atthese 
sites. Thus, the nearby wells and septic systems, as well as the potential for offsite 
flooding, should remain unaffected by the wetland restoration process. 

Water Supply. The only potable water supply available to residents in the area is 
groundwater. During the 1990's, chloride levels in some wells were slightly higher 
as indicated in section IV.C, Surface and Groundwater Hydrology. It is not 
anticipated, however, that the wetland restoration at the Site will result in substantial 
long term increases in chloride levels in wells, particularly those wells built to current 
water well codes, because no significant change in the location of the fresh/salt 
water interface should occur. Thus, the nearby wells should remain unaffected by 
the wetland restoration process. 

Septic Systems. Septic systems are used by residents of the area for wastewater 
disposal. The efficiency of septic systems is controlled by several factors including 
system design, soil conditions in the drain field area and the depth of groundwater. 
Wetland restoration at the site is not expected to cause a substantial landward shift 
in the MHHW line that could cause an increase in the elevation of the groundwater 
surface. Thus, the nearby septic systems should remain unaffected by the wetland 
restoration. 
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• • Permitting Requirements 

Implementation ofthe Phragmites control and marsh plain modification techniques 
set forth in this Management Plan have required numerous Federal, State and local 
permits/approvals. The required State permits/approvals include: a Waterfront 
Development Permit, Coastal Wetlands Permit, Coastal Area Facilities Review Act 
Permit, Freshwater Wetlands Permit, and a Water Quality Certificate. Federal 
permit requirements associated with wetland restoration are those established 
under Section 404 of the Clean Water Act and Section 10 of the Rivers and Harbors 
Act, as administered by the U.S. Army Corps of Engineers. Other required 
permits/approvals include a Riparian License, municipal site plan approvals, Salem 
County site plan review and approval, an Aquatic Pesticide Use Permit, Open 
Burning Permit, and Salem County Soil Conservation District soil erosion and 
sediment control plan review and certification. Many of these permits/approvals 
require public notices and/or public meetings that provide additional opportunities 
for interested parties to review and discuss PSEG's detailed plans. 

Ecological Considerations 

Surface Water Quality. Implementation of the wetland restoration proVisions will 
not significantly impact water quality at the Alloway Creek Site. Studies have shown 
that glyphosate, the active ingredient of Rodeo® and equivalent herbicides, does not 
bioaccumulative and dissipates rapidly in water, soil and sediments6

• Glyphosate 
binds tightly to soils and/or sediments, thus reducing biological availability. Once 
bound to sediments or soil, glyphosate degrades through microbial action and will 
not accumulate in the ecosystem, even if used annually. 

Minimal impacts to water quality due to erosion or sedimentation were expected, 
and were not observed as a result of restoration activities. Vegetation became 
reestablished after burning. In limited areas, it was observed that more than one 
growing season was required following the application of glyphosate and a 
surfactant before Spartina spp. and other desirable marsh vegetation re-colonized 
these areas, but the low velocities on the marsh plain and the existing root mat 
prevented erosion. 

Vegetation. The restoration of the Alloway Creek Site is expected to have a 
beneficial effect on natural vegetation communities over the course of the 
restoration program. Areas dominated by Phragmites were treated with Rodeo® (or 
its equivalent) with a surfactant and subsequently burned where possible, to 
increase vegetative diversity and allow recolonization by plant species beneficial to 

6Monsanto, January 1994. Glyphosate Technical Fact Sheet Number 7 - Health and 
Environmental Safety Aspects of Glyphosate Herbicide: An OveNiew. 
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• • the Delaware Estuary. 

Plant species, other than Phragmites, were impacted by aerial application of 
Rodeo® or its equivalent, with a surfactant and prescribed burning of Phragmites
dominated areas. Loss of non-target plant species was minimized by controlled 
spraying only when conditions were favorable for minimizing drift. In mixed stands 
of vegetation, Phragmites is usually the tallest plant and intercepts the herbicide 
with a surfactant from the more desirable, shorter species. 

During prescribed burns, protective measures such as firebreaks, backfires, and fire 
suppression techniques were implemented to protect non-Phragmites vegetation. 
Burns do not impact the regrowth of perennial species such as S. altemiflora, and in 
some cases may provide a benefit by the addition of nutrients. Burns were 
conducted only when weather conditions were favorable for control. 

Fish and Wildlife. The wetland restoration design selected for the Alloway Creek 
Site incorporates ecological considerations to improve the habitat value of the site 
for species that will utilize the restored wetlands, and to minimize adverse potential 
impacts to wildlife and aquatic species currently using the area. 

The restoration activities at the Alloway Creek· Site will not have any long-term 
adverse effect on any of the threatened or endangered species observed at the site. 
The northern harrier, osprey and bald eagle will benefit from the restoration and 
subsequent conservation easement that will preclude disturbance to this vast tract 
of tidal marsh. The great blue heron, black-crowned night heron, and northern 
diamondback terrapin will still use the tidal creeks and mud flats for feeding and 
resting. Although the savannah sparrow may occur in stands of Phragmites that 
were eradicated as part of the restoration effort, there are fallow farm fields (the 
preferred habitat for this and the other "grassland" sparrows), adjacent to the 
restoration sites. Since the rare skipper butterfly typically does not inhabit 
Phragmites-dominated areas, it is unlikely to be adversely affected by restoration 
activities at the Alloway Creek Site. 

The red-winged blackbird and marsh wren, which nest in Phragmites, may be 
affected by loss of habitat; however, this will be minimal due to the fact that these 
species readily nest in restoration species, such as big cordgrass. Impacts to less 
mobile species were minimized by conducting prescribed burns in late winter, prior 
to most avian migration and nesting seasons and the re-emergence of many 
amphibians and reptiles. Other sensitive species were sufficiently mobile that, 
during prescribed burns, individuals would have been able to relocate to suitable 
habitat nearby. The critical shorebird migration period for the Delaware Estuary 
tidal marshes is from May 10th through June 15th, or as otherwise noted in the 
applicable permits. In summary, the proposed restoration measures are expected 
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c. 

D. 

E. 

• • to increase and improve wildlife habitat, and the potential habitat loss associated 
with restoration activities is expected to be temporary in nature. 

Public Use Provisions 

All property owned by PSEG and under conservation easement to the State of New 
Jersey, with the exception of an area of approximately 85 acres internal to the Site, 
will be open for public use at the Alloway Creek Site. These approximate 85 acres 
of wetland are subject to a Deed of Conservation Restriction and are being restored, 
however are privately owned. Public use activities on the remainder of the site will 
consist of hunting, trapping, fishing, crabbing and wildlife observation. Based on 
input from the community involvement committee, the NJDEP and public officials, 
the public use component includes an interpretive trail and observation platform, 
which are accessible to the disabled. Also, an interpretive trail adjacent to a former 
freshwater impoundment with a bird observation blind and an observation platform 
are provided at another location. Limited parking is provided in the proximity of the 
facilities. The locations of these facilities, and public use areas, are shown in Figure 
5.4. 

During construction and the initial stages of revegetation, use ofthe restoration area 
was limited for public safety and to prevent disturbance to young plants. If public 
use following restoration creates adverse impacts on the natural features and 
wildlife on the site, public use may be limited. Following restoration activities, 
environmental education literature was created in conjunction with input from the 
local and scientific community to highlight the unique environmental features and 
history of the Alloway Creek Site. Interpretive signs were also provided depicting 
estuary ecology and highlighting the significance of the Delaware Bay and its 
associated salt marshes. 

Agricultural Activities 

Following review of planned restoration activities and the construction of public use 
facilities, limited areas are suitable for agricultural activities. To provide for potential 
agricultural activities that may continue to occur on the Site in the event farmers 
continue to express interest in farming at the Site, a Farm Conservation Plan is 
being developed in cooperation with the Soil Conservation Service (SCS). 
Agricultural activities will be consistent with the Farm Conservation Plan and include 
controls to limit erosion and protect adjacent wetlands including, but not limited to, 
buffer areas not less than fifty feet and tillage to prevent erosion. 

Wetland Restoration Implementation Schedule 

The proposed implementation schedule for the restoration activities is subject to 
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F. 

• • regulatory approval and receipt of all applicable regulatory permits. The Site was 
sprayed with Rodeo® with a surfactant in the late summer and fall of 1996 and 1997. 
Prescribed burning was completed in the winter of 1997 and 1998. A second 
application of Rodeo® with a surfactant was performed during the late summer or fall 
of 1998 to Phragmites, that were treated for the first time in 1997. Rodeo® with the 
surfactant LJ-700® was applied in 1998. Mechanical removal of Phragmites was 
performed, where required, in the late summer and fall of 1998 in accordance with 
permits. Continued Phragmites control and marsh plain modification activities were 
initiated during the winter and/or early spring of 1999, consistent with the terms and 
conditions of all applicable federal, state, and local permits and/or approvals. 
Limited mechanical removal of Phragmites dead stalks was performed in the winter 
of 1999. Remnant dike and spoil pile removal activities were completed. Activities 
that were completed at the Site during 1999, included microtopographic 
modifications, marsh plain and upland edge Phragmites mowing, and source control 
through seeding and/or planting. 

Initial restoration activities were completed during the late summer of 1999, as 
indicated by Figure 5.1. Adaptive management activities were conducted during 
2000 through the present, and will continue within the current restoration area as 
part of the Adaptive Management Process. 

Public Notification Process 

As required by NJAC 7:30-9.8, public notification procedures were implemented 
prior to the application of Rodeo®, or its equivalent, with a surfactant. Notifications 
were made through advertisement in two newspapers having the greatest likelihood 
of informing the public within the area of the proposed application. The notices 
were placed in the legal advertisement sections of the newspapers. The newspaper 
notifications were given a maximum of 30 days and a minimum of seven days prior 
to the proposed application date. The notifications included information required 
pursuant to NJAC 7:30-9.8. PSEG retains a record ofthe newspapers in which the 
notification advertisement was placed and the dates published. This information will 
be made available to the NJDEP upon request. 

Upon the request of a person residing in the vicinity of the proposed glyphosate
based herbicide and surfactant application site, a PSEG contact person provided 
notification within 24 hours of application. Except when a reasonable attempt to 
provide notice was unsuccessful, attempts to notify the person, by telephone, were 
made immediately prior to the application. The telephone notification included 
information pursuant to NJAC 7:30-9.8. 

PSEG has maintained a record of all telephone calls, attempted and completed, 
with persons requesting information and a file of related correspondence. These 
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G. 

• • records will be made available to the NJDEP upon request. The information kept in 
the call record includes: 

• Name and telephone number of the person contacted; and, 
• Date and time of the telephone call. 

In addition to the notification procedures required under NJAC 7:30-9.8 as 
described above, during 1996 and 1997 PSEG notified all property owners within 
1,000 feet of the Site by certified mail at least seven days in advance of the 
application of Rodeo® with a surfactant. Each certified letter had a return postcard 
and a toll-free number to call to inform PSEG that the property owner wished to be 
notified of the Rodeo® with a surfactant application schedule via telephone notice. 
All telephone notifications occurred within 24 hours prior to the application of 
Rodeo® and surfactant. 

Prior to the prescribed burns, property owners were notified in accordance with the 
procedures identified in NJAC 7:30-9.8, as described above. Local, county, and 
state agencies (such as the USACOE, NJDEP, USFWS, USDA-NRCS, County 
Mosquito Commission, County Engineer, Township Engineer and Administrator) 
were notified by certified mail at least seven days prior to the prescribed burns. In 
the event that additional application of glyphosate-based herbicides and a 
surfactant and/or prescribed burning is planned, the notifications will be performed 
in accordance with NJAC 7:30-9-8. 

Operation and Maintenance Schedule 

The regrowth, and/or reinfestation, of Phragmites following restoration will be 
monitored on the Alloway Creek Site and, if necessary, measures will be 
undertaken to control its regrowth. Upland edge source control by mowing, cutting 
and disruption of rhizomes and/or stems may continue, as necessary, through 
subsequent years. Additional control measures will include, but may not be limited 
to, the techniques discussed in Section H. below, Success Criteria, Adaptive 
Management, and Monitoring. 

The biological monitoring, permit compliance monitoring, and property/asset 
management inspections will provide an additional presence on the Alloway Creek 
Site that will help to identify concerns expeditiously. PSEG provides a 24-hour 
contact number for emergencies, (1-888-MARSHES). 

Public use facilities are inspected and maintained by PSEG or its deSignee. Deed 
covenants, backed by Corporate Surety Bonds, have been developed and recorded 
to address property tax commitments. 
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H. 
• • 

Success Criteria, Adaptive Management, and Monitoring7 

Success Criteria 

Special Condition H.3.(a) of the 1994 NJPDES Permit provided that PSEG must 
restore normal daily tidal inundation to the diked restoration sites and restore 
wetlands dominated by Phragmites to primarily Spartina species with other naturally 
occurring marsh grasses. Furthermore, the NJPDES Permit required that PSEG 
develop Management Plans that shall include an anticipated schedule for natural 
revegetation. Interim and final performance criteria, which are described below, 
have been developed as benchmarks against which to monitor the progress of the 
wetland restoration and its ultimate success. These criteria encompass both 
vegetation coverage and hydrologic criteria which could effect revegetation of the 
marsh plain. 

Interim Criteria. To monitor the progress of wetland restoration, vegetative criteria 
and hydrological performance criteria have been developed to measure interim 
progress of the requirements of the NJPDES Permit. 

Interim Hydrologic Criteria. The interim hydrologic criteria will be satisfied if normal 
tidal flow is demonstrated at the end of three years following completion of 
restoration implementation activities. 

Interim Vegetative Criteria. The interim vegetative criteria is satisfied atthe wetland 
restoration sites, when ~45 percent coverage of the marsh plain (36 percent of the 
total marsh) by Spartina and other desirable marsh vegetation is attained. For the 
Phragmites-dominated wetland restoration sites, this vegetative criteria must be 
satisfied after six growing seasons. This time frame includes a one year lag 
following the completion of restoration implementation activities before revegetation 
commences. 

Final Success Criteria. Review of available historical aerial photography for 
undisturbed salt marshes and previously "self restored" diked areas (by storms or 
human intervention) suggests reasonable end-points for successful restoration. At 
the end of the restoration process which is anticipated to be no later than the twelfth 
year of monitoring, the following end-points are anticipated at the wetland 
restoration sites: 

• 95 percent or more of the marsh plain (76 percent of the total marsh) will be 

7 As approved by the NJDEP and any subsequent revision thereto. 
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• • colonized by desirable vegetation; 
• Phragmites coverage will be reduced to less than or equal to five percent of 

the total vegetated area of the marsh plain (less than or equal to four percent 
of the total marsh), and 

• Open water constituents of the restored sites will be targeted to be less than 
or equal to 20 percent of the total marsh area. 

Once these endpoints have been achieved, a final report must be submitted to 
EEPAC and NJDEP. 

Adaptive Management 

Adaptive Management is a process initiated after initial restoration activities have 
been completed to ensure that restoration goals are met. The foundation of 
Adaptive Management is an understanding of tidal marsh ecology based on current 
literature, historical observations, on-going data collection, and monitoring. The 
Adaptive Management Process is implemented through the multi-disciplinary 
Adaptive Management Team (Team). The Team evaluates the progress of the 
wetland restoration by regular site visits, field observations, and by evaluating 
monitoring activities. Through regular site visits, the Team is able to identify areas 
that may require additional monitoring or intervention to ensure a successful 
restoration. 

To ensure the Success Criteria for the wetland restoration sites will be met, 
thresholds in the form of trends or trajectories have been developed against which 
the Team and PSEG will monitor the progress of wetland restoration. Defined 
variances from the expected trends or trajectories "triggers" the need for further 
evaluation of potential problems to determine an appropriate course of action. 
Upon determination that corrective measures are necessary, PSEG, in consultation 
with members of the EEPAC and the resource management agencies, will evaluate 
feasible alternatives for the resolution of an identified problem. Upon review and 
approval of the proposed corrective measure(s) by NJDEP, PSEG will initiate 
implementation of the appropriate corrective measures. The Adaptive Management 
Process is shown in Figure 6. 

The thresholds relate directly to the success criteria, and address two categories: 
hydrology and vegetation. Because achieving the appropriate hydrology is 
essential for restoration success, hydrologic thresholds are included that will ensure 
a natural tidal cycle in the restored marshes. The hydrologic thresholds that would 
trigger further action include: 

• Excessive ponding. Because excessive ponding on the marsh surface at low 
tide will prevent recolonization by Spartina species with other desirable 
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• • marsh vegetation, it is important to design the restoration to allow the marsh 
plain to drain fully. To safeguard against improper drainage, a threshold is 
proposed whereby standing water persistently remaining on more than 25 
percent of the marsh plain during normal low tides after a one-year lag (in 
Phragmites-dominated marshes) would trigger the Adaptive Management 
Process. 

• Tidal occlusion. For the restoration to meet its final objectives, tidal flow 
must be relatively unobstructed in areas of the restoration sites where 
channels were constructed. Persistent closure of either existing or 
engineered creeks would trigger further evaluation and possible 
implementation of the Adaptive Management Process. 

The relatively rapid recolonization of the marsh plain by Spartina species and other 
desirable marsh vegetation with a concurrent reduction in Phragmites coverage is a 
primary focus of the marsh restoration effort. Anticipated recolonization rates for 
Spartina species with other desirable marsh vegetation have been developed from 
scientific literature and from historic data to provide a frame of reference for the 
restoration progress (Figure 7.0). Severe and/or persistent downward departures 
from the proposed rates will require implementation of corrective measures. The 
proposed vegetative thresholds that would trigger further action at the Phragmites
dominated wetland restoration sites include: 

• The areal coverage of Spartina species with other desirable marsh 
vegetation falls below the expected increasing trajectory shown in Figure 7.0 
for two consecutive years after a one-year post-construction lag 

• The areal coverage of Phragmites-dominated vegetation exceeds the 
expected decreasing trajectory shown in Figure 7.0 for two consecutive 
years after a one-year post-construction lag 

Surpassing any of these threshold limits will trigger further evaluation through the 
Adaptive Management Process, and the implementation of NJDEP-approved 
corrective measures. Also, additional data collection and/or corrective measures 
may be implemented as approved by the NJDEP at areas that are not progressing 
as anticipated or which are approaching a threshold limit. 

Potential corrective actions for the hydrologic and vegetative adaptive management 
threshold triggers at the wetland restoration sites may, at a minimum, include: 

• excavation of additional primary tidal channels; 
• enlargement of existing primary tidal channels; 
• excavation of secondary tidal channels; 
• modifications to tidal inlets; 
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• • • notching of material that blocks drainage; 
• filling existing tidal channels (where circulation patterns are detrimental to 

vegetation restoration); 
• stabilizing existing breaches; 
• stabilizing of upland dikes or internal berms; 
• microtopographic modifications; 
• planting of Spartina species (seeding or plugging) or other desirable marsh 

vegetation on portions of the restoration sites; 
• planting of upland edges to control re-invasion of Phragmites by rhizomes; 
• elevation reduction; 
• mechanical source control (including mowing) of Phragmites; 
• biological control of Phragmites areas; 
• soil nutrient modification/soil chemistry adjustment of Phragmites areas; and 
• control of Phragmites by the application of Rodeo® or its equivalent with a 

surfactant in both previously treated and non-treated areas only after ruling out 
all other intervention strategies listed above. In no event shall herbicide and 
surfactant be used on a broad-scale basis. It shall be limited to spot applications 
that are not to cover more than one third of the vegetative marsh plain on an 
annual basis. 

Together, these biological and mechanical response activities offer alternatives that 
will provide effective means for corrective action should any active intervention be 
necessary under the decision making process. 

Monitoring 

Success Criteria and Adaptive Management thresholds will be evaluated at the 
Wetland Restoration Sites. A combination of remote sensing and ground-truthing 
will be used to monitor vegetation cover, tidal inundation and other hydrologic 
parameters. Normal tidal inundation will be monitored and evaluated by a 
combination of tidal monitoring and/or photography. 
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GAUGE 537779), NAVD 88 VALUES WERE OBTAINED BY 
SURV~NG NOS TIDAL BENCHMARKS AND GAUGE NOS. 
8537731, 8537753, AND 8537774. CORRECTIONS WERE 
MADE TO NOS TIDE DATA BASED ON lHE SURVEYED 
BENCHIoAARK ELEVATIONS AND LOCAL TIDE LEVEL DATA 
COLLECTED BY WOODWARD-CLYDE CONSULTANTS. 

2. THE CONVERSION BETWEEN NGVD 29 AND NAVO 88 
IS APPROXIMATELY 0.9 FEET IN THE ALLOWAY 
CREEK AREA. TO CONVERT AN NGVD 29 ELEVATION 
TO NAVO 88 SUBTRACT 0.9 FEET. TO CONVERT AN 
NAVO 88 TO NGYO 29 ADD 0.9 FEET. 

3. ALL VALUES SHOWN ARE IN U.S. FEET. 

FIGURE 2.2 

TIDE LEva DATA 
FOR ALLOWA Y CREEK 

LOWER ALLOWA YS CREEK AID 
ELSN10R0 TOWNSHl' 

SALEM COUITY, NEW JERSEY 
CADO ___ J_L 0A1E DfC t. 2002 SCALE~ 
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