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1. PURPOSE OF AND NEED FOR ACTION 
 
The project site is located along Bergerville Road (a.k.a. Casino Road) in Howell Township, 
Monmouth County, New Jersey. Approximately, 500 feet west of the project site, Casino Drive 
becomes Bergerville Road as it crosses into Freehold Township. The road is owned and 
maintained by Howell Township, who has requested the assistance of the U.S. Army Corps of 
Engineers (USACE) in alleviating damage to the road by flooding and erosion resulting from 
encroachment of the Manasquan River. Howell Township is the non-Federal sponsor of this 
activity. 
 
At the project site, Bergerville Road is approximately eight to twelve feet from the south bank of 
the Manasquan River at a point where the river makes a U-shaped bend (Figure 1-1). The river is 
somewhat downcut at this location, with floodplain wetlands located inside the meander bend 
and residential properties located on a low terrace just outside the meander to the north (Figure 
1-2). During high flow periods, water is directed into this bend at sufficient velocity to undercut 
the south bank. Further up the bank, above the area being undercut, additional erosion is 
resulting from bank slumping. Bergerville Road has been repaired twice in the last few years 
after being damaged by bank slumping. The bank in this area is approximately 26 feet high. 
Approximately 200 linear feet of stream bank requires some form of stabilization and erosion 
control to protect Bergerville Road.  
 
2. PROPOSED ACTION AND ALTERNATIVES 
 
The USACE undertook a multi-objective planning process for this project where economic, 
social, and environmental considerations were taken into account. During the formulation 
process, several alternative plans were developed to alleviate the identified problems at 
Bergerville Road in ways that were consistent with both Federal objectives and the desires of the 
community. The alternative plan that best met the environmental and technical criteria for this 
project site was selected as the proposed action. The full range of reasonable alternatives was 
considered during the National Environmental Policy Act (NEPA) process, resulting in the 
systematic elimination of alternatives that did not meet the purpose of and need for the action. 
The alternatives considered in detail in this Environmental Assessment (EA) include the No-
Action Alternative, the Proposed Action, and two action alternatives (A and B). 
  
2.1 No-Action Alternative 
 
Analysis of the No-Action Alternative is prescribed by the regulations of the Council on 
Environmental Quality and serves as the benchmark against which the environmental and 
socioeconomic effects of the Proposed Action and other reasonable alternatives can be evaluated. 
At this location, existing conditions without corrective action will lead to continued streambank 
erosion that, within five years, would undermine the road bank, leading to road failure and 
damage to the underground gas and water lines, as well as utility poles along the road, and 
ultimately result in the abandonment of the existing road and a permanent traffic detour. 
Estimates by the Township Engineer indicate that a 2.0-mile detour would be needed if this 
major connector between various housing developments were not available to traffic. A 
permanent traffic detour would result in increased vehicle operating and opportunity costs to the 
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Figure 1-1  Aerial photograph showing the site location 
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Figure 1-2.  Photographs of Manasquan River Stream Bank Stabilization project location 
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drivers and passengers due to the increased travel time. At an estimated annual cost of 
approximately $1,040,000, this without project condition is not considered cost effective. In 
addition, permanent road closure is contrary to the desires of Howell Township, which endeavors 
to keep this road from failing. Therefore, the No-Action alternative does not meet the purpose 
and need. As previously noted the road also connects to Freehold Township and would 
presumably be detrimental to that Township as well. 
 
2.2 Development of and Elimination of Alternatives 
 
A full range of alternatives was developed through coordination between Howell Township, 
USACE, the New Jersey Department of Environmental Protection (NJDEP), the U.S. Fish and 
Wildlife Service, and consultants. These alternatives fall into the following categories: 
bioengineering and other soft engineering techniques, engineered structures, stream relocation, 
road relocation combined with stream bank stabilization, and retaining walls (Table 2-1). 
Specific alternatives within each category are described in this section and their reasons for 
inclusion or exclusion from further consideration are discussed.  
 
 
Table 2-1 List of Potential Alternatives for the Manasquan River Emergency Stream Bank 

Stabilization Project 
 

Alternative Advantages Disadvantages 
Bioengineering and Other Soft Engineering Techniques 
Bio Logs Protect toe of slope and lower 

banks; low environmental 
impacts; aesthetically pleasing; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span 

Mud Sill Protect toe of slope and lower 
banks; low environmental 
impacts; aesthetically pleasing; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span 

Bank Crib Protect toe of slope and lower 
banks; low environmental 
impacts; aesthetically pleasing; 
provide instream habitat; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span 

Root Wads Protect toe of slope and lower 
banks; low environmental 
impacts; aesthetically pleasing; 
provide instream habitat; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span; insufficient 
room to anchor properly 

Lunkers Protect toe of slope and lower 
banks; low environmental 
impacts; aesthetically pleasing; 
provide instream habitat; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span 

Deflectors Protect toe of slope and lower 
banks; low environmental 
impacts; aesthetically pleasing; 
provide instream habitat; 
inexpensive 

Insufficient protection of upper banks; unstable 
due to high velocities in the vicinity of the project 
site; insufficient project life span 
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Table 2-1.  Continued 
Alternative Advantages Disadvantages 

Engineered Structures 
Rock Vanes Protect toe of slope and lower 

banks; provide instream habitat 
Insufficient protection of upper banks; not 
aesthetically pleasing 

Rip Rap Protect toe of slope and lower 
banks; offer some habitat value 

Restricts revegetation of the stream bank; not 
aesthetically pleasing; insufficient project life span 

A-Jacks Protect toe of slope and lower 
banks; offer some habitat value 

Do not allow for revegetation of the stream bank; 
not aesthetically pleasing; more effective in wider 
streams 

Concrete-lined Channel Very effective in controlling 
bank erosion  

Drastic reduction in habitat value; not aesthetically 
pleasing; increase flow velocities at project site 

Articulated Concrete 
Mat 

Very effective in controlling 
bank erosion 

Drastic reduction in habitat value; not aesthetically 
pleasing; increase flow velocities at project site 

Stream Relocation 
Stream Relocation Remove encroachment threat to 

road 
Substantial wetlands disturbance in new stream 
location; hydrology of stream altered and flow 
velocities increased; reduction in habitat value due 
to lining of new channel; localized flooding 
problems; land ownership issues 

Road Relocation Combined with Stream Stabilization 
Road Relocation and 
Bank Stabilization 

Remove encroachment threat to 
road; some habitat value 
depending on stabilization 
technique used 

Temporary road closure; cost involved in moving 
utilities; land ownership issues 

Retaining Walls 
Gabion Baskets Relatively inexpensive Insufficient project life span; poor aesthetics; 

limited vegetation regrowth 
Modular Block Walls Stabilize entire bank; somewhat 

aesthetically pleasing 
Limited vegetation regrowth; substantial cost; 
drainage system and some excavation necessary 

Sheet Piling Stabilize entire bank; very long 
lasting 

Very expensive; extensive use of heavy 
machinery; loss of most riparian vegetation with 
limited regrowth; not aesthetically pleasing; 
drainage system and some excavation necessary 

CCS Walls Stabilize entire bank; less 
expensive and more aesthetically 
pleasing than other retaining 
walls; revegetation possible; not 
necessary to move utilities; more 
natural stream substrates than 
other options 

Substantial construction costs; need to shift 
streambed away from road; drainage system and 
some excavation necessary 

 
 
2.1.1 Bioengineering and Other Soft Engineering Techniques 
 
The first category of alternatives considered for use at the project site was bioengineering and 
other soft engineering techniques. Several different techniques were considered but all were 
ultimately eliminated as inadequate for achieving the purpose and need. Bio logs are generally 
used for protecting the toe of streambanks against fluctuating stage height and velocities, and as 
a natural planting medium for vegetation. They are made from coir fiber, are biodegradable, and 
last for 4 to 10 years. Mud sills and bank cribs are natural bank stabilization techniques that help 
prevent erosion near the waterline. Root wads are tree trunks with large masses of roots still 
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attached. The trunks are buried in the bank and anchored with large boulders such that the root 
masses abut along an outside bend of the stream. Root wads stabilize the outside bend of the 
stream during periods of high flow and provide cover and habitat for fish. Lunkers and deflectors 
are structures that serve the same purpose.  
 
While these techniques have low environmental impacts and are relatively inexpensive to install, 
they are unstable given the high flow velocities in the vicinity of the project site. In the case of 
root wads, there is insufficient room to properly anchor the trunks without interfering with the 
road and utilities. 
 
2.1.2 Engineered Structures 
 
The second category of alternatives considered was engineered structures such as rock vanes, 
riprap, and A-jacks. All of these are in-stream structures constructed for the purpose of reducing 
shear stress on stream banks. These structures consist of rocks and other materials placed against 
the stream bank to reduce erosion and bank slumping. These techniques, while offering some 
habitat value, frequently have limited project life spans, can restrict vegetation along the stream 
bank, and are not aesthetically pleasing. For these reasons, they were determined not to meet the 
purpose and need, and eliminated from further consideration. In general, these techniques tend to 
work optimally on more gradual bends or in streams wider than the Manasquan River at the 
project location. 
 
Another type of engineered structure is the channelization of the stream by using an articulated 
concrete mat or by lining the channel with concrete. Because the riverbank would be armored 
with concrete under this scenario, it would effectively control bank erosion at the project site and 
reduce erosional threats to the road. However, the smoothness of a concrete channel would also 
alter flow velocities where constructed, increasing flows and changing the hydrology (and 
erosion potential) downstream. In addition, concrete channels are not aesthetically pleasing and 
would drastically reduce the habitat value of the river at the project location. Therefore, 
articulated concrete mats or lining the channel with concrete were found not to meet the purpose 
and need, and were eliminated from further consideration. 
 
2.1.3 Stream Relocation 
 
The third category of alternatives considered was the relocation of the river. The meander bend 
at the project site could be cut off, moving the river further away from the road and towards the 
housing development to the north. This alternative would alleviate the need to move the road, but 
would create other environmental problems. Relocating the river to this location would cause 
substantial wetlands disturbance in the riparian area immediately adjacent to the river. 
Straightening the river would also increase its slope and change the hydrology of the stream by 
increasing flow velocities and shear stresses; this would ultimately lead to downstream 
adjustments to channel bed and banks and likely affect habitat below the project. To provide 
grade controls and prevent channel adjustments in the straightened reach, the new channel would 
have to be lined with concrete or rip-rapped, thereby significantly reducing the habitat value of 
this section of the river. This approach has the potential to create localized flooding problems 
and significant public concerns. The relocation of the stream would also involve land ownership 
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constraints because private landowners currently hold the land immediately adjacent to the river. 
Lastly, it would be costly to construct.  
 
Although the stream relocation approach poses several environmental and cost problems, it 
would meet the purpose and need and, therefore, was retained for further consideration. 
 
2.1.4 Road Relocation Combined With Bank Stabilization 
 
The fourth category of alternatives considered involves the relocation of Bergerville Road further 
away from the riverbank. After the road has been moved and the slope of the stream bank 
decreased, a variety of bank stabilization techniques discussed in Section 2.2.1 could be 
employed to prevent further erosion problems.  
 
For the stream bank slope to achieve a stable 2:1 ratio along the road, Bergerville Road would 
have to be shifted away from the river approximately 18 feet at the outside of the meander bend. 
In order to achieve this shift, the horizontal alignment of the road would have to be changed and 
utilities such as gas pipes, water mains, and utility poles would have to be relocated. This 
alternative would affect approximately 400 linear feet of roadway in the vicinity of the project 
site. Relocation of the road would affect at least two adjacent landowners, though no structures 
would be involved, and would require permits and permissions. Relocation alone is expected to 
have a 10-year project life at a cost of approximately $450,000. Once the roadway was shifted, 
bank stabilization could be implemented at an additional cost in a variety of forms, including 
riprap, gabions, a CCS wall, or an articulated concrete mat. Incorporating bank stabilization 
measures would likely extend the project life of the road relocation project. 
 
Although the road relocation combined with bank stabilization would have substantial cost 
implications, it would meet the purpose and need and, therefore, was retained for further 
consideration. 
 
2.1.5 Retaining Walls 
 
The last category of alternatives considered was retaining walls to stabilize approximately 400 
feet of streambank. Several techniques may be used to accomplish this alternative. Four 
techniques are discussed in further detail. Each of these techniques achieves the same 
approximate result; only the most promising was carried forward for further analysis. Gabion 
baskets, wire mesh cages filled with large rocks, were considered for the construction of a 
retaining wall. Recent experience with gabion baskets has shown that their longevity is much 
shorter than originally anticipated and of insufficient duration to satisfy the goals of this project. 
 
A second technique is sheet piling, in which large sheets of steel are driven vertically into the toe 
of the stream and anchored in place on the stream bank. While this alternative is very sturdy and 
would have a project life span greater than 50 years, it has several drawbacks that make it 
unappealing for this case. First of all, a project of this magnitude requires extensive use of heavy 
machinery for installation, costing more than $1,000,000 and placing a prohibitive burden on the 
non-Federal sponsor. Most, if not all, vegetation would have to be removed from the riverbank in 
order to install the sheet piling (specifically those trees that are in the way of driving the sheet 
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pile) and, after installation, the pilings would limit the regrowth of vegetation on the riverbank. 
This lack of vegetation and the appearance of the sheet piling would not be aesthetically 
pleasing. Bergerville Road would also have to be closed during construction, leading to traffic 
problems in the immediate vicinity of the project site. The driving of the pilings, as well as 
placing the anchor system into the riverbank, could be a difficult and lengthy procedure that 
might require excavation of the streambed to anchor the base of the wall if there are large rocks 
on the stream bottom. Otherwise, the use of grouted soil anchors would eliminate the need for 
excavation of the streambed. Also, a drainage system would be required to release water buildup 
from behind the structure. 
 
A third type of vertical retaining wall could be constructed using modular blocks. This system is 
similar to sheet piling, but is more visually attractive and considerably less expensive. It consists 
of interlocking concrete blocks that are anchored into the earth. The foundation for a modular 
block wall would need to be constructed in the streambed, shifting the centerline of the stream 
towards the inside of the meander bend approximately 10 feet. Although more economical than 
sheet piling, it has many of the same drawbacks: vegetation cannot be established on the front 
face of the wall, an anchor system has to be created in the riverbank, excavation of the riverbed 
is required, and a drainage system is required. Costs for this type of project could be substantial 
given the length of the riverbank affected. 
 
The most promising type of retaining wall considered for this project is a Cellular Containment 
System (CCS). A CCS wall consisting of a three-dimensional honeycomb structure made of 
polyethylene would be constructed along the steeply sloping bank. CCS walls are less expensive 
and more aesthetically pleasing than either sheet piling or modular block walls. While cells in the 
lower portions of the CCS wall would be filled with concrete to protect the lower banks, cells on 
the upper portions of the bank would be filled with soil and then vegetated. This vegetation could 
lead to improved riparian habitat on the riverbank. Construction impacts would be similar to 
those from sheet piling or modular block walls. Construction of the CCS wall would involve 
moving the centerline of the stream approximately 10 feet away from the existing right bank to 
provide a stable foundation and slope for the wall. The configuration would shift the river to an 
historical alignment that currently consists of a gravel point bar and riparian wetlands. This 
adjustment is expected to cause fewer environmental affects than other proposed alternatives; in 
addition, hydrologic modeling indicates that stage heights would be reduced because the 
modified channel would have greater capacity. Utilities would not have to be moved as in the 
road relocation alternative. Although construction impacts, the need to anchor the wall into the 
stream bottom, and the need for a drainage system are similar to the other types of retaining 
walls, the CCS wall allows for more natural stream substrates, bank slopes, riparian vegetation, 
and aesthetics. The project life span for the CCS wall is expected to be greater than 50 years.  
For these reasons, the CCS wall was selected from among the retaining wall options for further 
consideration. 
 
2.3 Proposed Action – CCS Retaining Wall 
 
As discussed in Section 2.2, the majority of potential alternatives were eliminated as not meeting 
the purpose and need.  
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The most promising alternative category is the construction of a retaining wall using CCS. 
Therefore, the construction of a CCS wall was selected as the Proposed Action. A CCS wall 
consisting of a honeycomb structure made of polyethylene would be constructed along the 
steeply sloping bank. This structure best mimics a natural streambank while affording protection 
to the streambank and road. It is also the most aesthetically pleasing alternative as it can be 
revegetated along the upper section of the wall. 
 
2.4 Alternative A – Stream Relocation 

 
As discussed in Section 2.2, this alternative was retained for detailed consideration in this EA. 
The meander bend of the river could be cut off, moving the river further away from the road and 
toward the housing development to the north.  
 
2.5 Alternative B – Road Relocation Combined with Bank Stabilization 
 
As discussed in Section 2.2, this alternative was retained for detailed consideration in this EA. 
This alternative involves the relocation of Bergerville Road further away from the riverbank. 
After the road has been moved and the slope of the stream bank decreased, a variety of bank 
stabilization techniques, including riprap, gabions, a CCS wall, or an articulated concrete mat 
could be employed to prevent further erosion problems.  
 
 
3. AFFECTED ENVIRONMENT 
 
3.1 Topography 
 
Monmouth County’s topography is dominated by hills extending across the county line from 
south to northeast. These hills become the Highlands of Navesink above Sandy Hook Bay, which 
is the highest point on the eastern coastline south of Maine at 269 ft above sea level. In contrast, 
the topography of Ocean County, which neighbors Monmouth County to the south is flat with 
few hills. Sand dunes line the coast to the east and the Pine Barrens lie to the west. 
 
The study area is situated within the Manasquan River Basin, which is located in the Outer 
Coastal Plain of central New Jersey and encompasses a total drainage area of roughly 80 miles. 
Approximately 90 percent of the basin is in Monmouth County and the remaining 10 percent is 
in Ocean County. The basin includes parts of five townships in Monmouth County and two in 
Ocean County. The headwaters of the Manasquan River begin southwest of Freehold, NJ. The 
river is 24.5 miles in length and flows southeast, primarily through rural areas towards its outlet 
to the Atlantic Ocean near Point Pleasant, NJ. River flow is comprised of both surface runoff and 
groundwater discharge. 
 
The study site is located on an upper portion of the Manasquan River and has a drainage area of 
approximately 20-square miles. The site is located on an outside bend in the river and consists of 
a narrow channel, with a steep, eroding cutbank on the south side of the channel. Figure 3-1 
illustrates local topography in the project area.  
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Figure 3-1 Topography (feet) in the vicinity of the project site  



 

                   11 

3.2 Geology and Soils 
 
The Outer Coastal Plain physiographic province is unique among other provinces of New Jersey 
in terms of relief, rock properties, and origin. The low-lying, rolling hills in the region are 
developed on Cretaceous and Tertiary coastal plain sediments that underlie the area. The 
sediments are mainly of marine origin deposited during alternating periods of sea level 
encroachment and retreat. The coastal plain is composed of sand and clay layers that vary in 
extent and thickness. The sand and clay formations are characteristically loose and soft, and 
where they are cemented, the cementing agent is not hard.  
 
Soils within the Manasquan Basin are potentially acidic. The principal cause of potential acidity 
is associated with the presence of iron pyrite (FeS2) and marcasite (crystallized pyrite). Exposure 
of these mineral components to oxygen in the air or surface waters results in the production of 
sulfuric acid. Such exposure can result in environmental impacts by lowering the pH and 
increasing heavy metal solubility. Figure 3-2 and Table 3-1 identify soil types in the vicinity of 
the project area. 
 
 
Table 3-1 Soil types found within the vicinity of the project site 
 

Soil Type Description 
Ats Atsion sand 
EveB Evesboro sand, 0 to 5 percent slopes 
Eve D Evesboro sand, 10 to 15 percent slopes 
Frf B Frehold sandy loam, 0 to 5 percent slopes 
PegB Pemberton loamy sand, 0 to 5 percent slopes 
SUBT Sulfaquents and Sulfihenmists, frequently flooded 
ThgB Tinton loamy sand, 0 to 5 percent slopes 
the Tinton loamy sand, 10 to 25 percent slopes 
 
 
Soil borings in the project area and visual observations indicate that a loosely cemented layer 
was present at the base of the eroded cutbank. Soil borings also indicated that the site is 
underlain by sand and silty sand layers. 
 
3.3 Land use 
 
Bergerville Road borders the southern bank of the Manasquan River for approximately 150 feet. 
This two-lane township road serves as a major connector between various housing 
developments, and between Howell and Freehold Townships. Land use in the area is 
predominantly a mix of forested lands and low-to-medium density residential properties.  
 
As shown in an aerial photograph of the project area (Figure 1-1), much of the area immediately 
adjacent to the river is forested. Two large-lot residential properties are located on uplands 
approximately 200 feet southwest Bergerville Road. In addition, two residential subdivisions are 
located nearby. One subdivision, located on Spruce Hollow Drive off Bergerville Road, is 
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Figure 3-2 Soils in the vicinity of the project site  
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situated on uplands about 400 feet southeast of the project site. The second subdivision, on 
Mariners Cove, is located north of the project site, and extends down into the low-lying terrace 
formed by the Manasquan River in the meander bend. 
 
3.4 Air Quality 
 
There are currently 87 air monitoring stations located throughout New Jersey that actively 
monitor for carbon monoxide (CO), nitrogen dioxide (NO2), ambient ozone (O3), sulfur dioxide 
(SO2), lead (Pb), or particulate matter (PM10). There are two monitoring stations in Monmouth 
County. Ozone is monitored at Monmouth College and West Long Branch, and sulfur dioxide 
concentrations are monitored in Freehold. 
 
The U.S. Environmental Protection Agency (USEPA) has reported that ozone levels within 
Monmouth County persistently exceed national air quality standards, causing the County to be 
classified as a non-attainment area for ozone. All other listed pollutants are in attainment status 
as of May 2002 (USEPA 2002). 
 
3.5 Hydrology and Water Quality 
 
The Manasquan River is classified as FW2-NT (Non-Trout) by the New Jersey DEP from its 
source, down through the project area, to the US Route 9 Bridge approximately 0.75 miles 
downstream of the project area. The FW2 class includes freshwater suitable for natural and 
established biota, recreation, water supply with appropriate treatment, and other reasonable uses. 
Below the US Route 9 Bridge, the classification changes to FW2-TM (Trout maintenance). Trout 
maintenance waters support trout throughout the year, or have the potential for such with some 
environmental modifications. Trout maintenance waters within the Manasquan River are 
annually stocked and heavily fished (NJDEP 1999). 
 
Field observations indicate that significant trash accumulation and historical dumping may 
adversely affect water quality conditions. Prior to 1985, there were a number of point sources 
discharging directly to the Manasquan River or its tributaries. These discharges adversely 
affected stream water quality parameters including biological oxygen demand, suspended solids, 
fecal coliform, pH, and iron, and were sources of cyanide, algaecide, chlorinated hydrocarbons, 
surfactants, and thermal pollution. Removal of these point sources in 1985 has significantly 
improved the water quality of the River (USACE 1994). The NJ DEP has placed the Manasquan 
River on its 303(d) list of impaired waters; TMDLs for metals are anticipated by the end of 2002 
(USEPA 2003).  
 
Several agencies monitor water quality in the vicinity of the project site, including the NJDEP, 
the NJ Water Supply Authority, and the Monmouth County Department of Health. One site 
sampled by the County near the project site is located on Swankam Brook in Howell Township. 
This site showed exceedances of state environmental standards for fecal coliform in both spring 
and summer of 2002. Ammonia and phosphorus did not exceed State standards in 2002 
(Monmouth County Department of Health 2002).  
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3.6 Wetlands 
 
Wetland habitats in the Manasquan River Basin include saline, brackish, tidal freshwater, and 
non-tidal freshwater wetlands. Palustrine forested wetlands exist on the north side of the project 
site (Figure 3-3). These wetlands are densely vegetated with species common to outer coastal 
plain palustrine wetlands such as: red maple, green ash, and American beech. Other species 
include spicebush, southern arrowwood, and skunk cabbage.  
  
Approximately 1 acre of freshwater wetlands exists within the proposed project boundaries.  
Wetlands in the vicinity of the project were all riparian (associated with the adjacent Manasquan 
River); many areas were densely forested with nearly complete canopy closure. Shading of the 
forest floor was often dense.  Principal tree species in the forested wetlands included red maple 
(Acer rubrum), green ash (Fraxinus pennsylvanica var. subintegerrima), and American beech 
(Fagus grandifolia).  The shrub layer was occasionally dense in the wetland forest; principal 
species included spicebush (Lindera benzoin), sweet pepperbush (Clethra alnifolia), and 
southern arrowwood (Viburnum dentatum).  Many of the trees present possessed diameters of 12 
inches at breast height (dbh) or greater.  The herbaceous layer was typically very sparse under 
the dense canopy, but included a mixture of cinnamon fern (Osmunda cinnamomea), jewelweed 
(Impatiens duthicae), skunk cabbage (Symplocarpus foetidus), and other species. 
 
3.7 Aquatic Resources 
 
The Manasquan River in the vicinity of the project site supports a variety of fish, herpetofauna, 
and benthic macroinvertebrate species. A trout fishery is located downstream of the project site. 
This area is stocked annually and provides for numerous man-hours of trout fishing every year. 
Other common freshwater fish species include black crappie, bluegill, brown bullhead, golden 
shiner, silvery minnow, white sucker, yellow perch, pumpkinseed, and tessellated darter. In 
addition, anadromous and catadromous species such as alewife, American eel, blueback herring, 
white perch, and sea lamprey may be found near the project site (USACE 1994). 
 
Approximately 12 species of amphibians and 16 species of reptiles are known to occur in the 
vicinity of the Manasquan River Basin. These species include, but are not limited to wood frog, 
American toad, Fowler’s toad, spotted salamander, common snapping turtle, stinkpot, Eastern 
box turtle, bog turtle, Easter garter snake, and northern black racer (USACE 1994). 
 
Benthic macroinvertebrates are an important component of aquatic communities because they 
serve as a food source for many fish and other wildlife. The Monmouth County Department of 
Health runs a rapid bioassessment program in which a dip net is used to sample benthic 
organisms. The macroinvertebrates are then identified to the family taxonomic level and then 
scored based on the tolerance of the family to pollution. The final stream score is calculated 
using the variety of insects, the number of insect families present in the sample that are intolerant 
to pollution, the family with greatest number of individuals, and the family tolerance values. This 
score is then used to determine the level of impairment of the stream. A County monitoring site 
is located in the vicinity of the project area on the Manasquan River at Bergerville Road.  During 
a sampling event on June 8, 2001, this site contained 79 individuals. The site was dominated by 
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Figure 3-3 Wetlands in the vicinity of the project site  
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Chironomidae, a family group moderately tolerant of pollution. The final site score was 18, on a 
scale of 0-30. This score falls into the Moderately Impaired category, indicating that taxa 
richness is reduced, particularly among the more intolerant taxa (Monmouth County Department 
of Health 2001). 
 
3.8 Terrestrial Resources 
 
Although portions of the Manasquan River lie within the New Jersey Pine Barrens, the majority 
of the riparian vegetation and surrounding forests are more characteristic of woodlands typical of 
Northern New Jersey. The dominant natural vegetation is a mixed-oak and pine-oak forest. 
Bergerville Road is adjacent to the southern bank of the project site, while the northern bank is 
dominated by a palustrine forested wetland. A residential subdivision along Mariners Cove is 
located beyond the palustrine forested wetland to the north. 
 
The vegetation in the area supports a variety of wildlife species. Animals commonly found in the 
habitat near the study area include snapping turtles, box turtles, some snake species, opossums, 
moles, shrews, cottontails, squirrels, woodchucks, raccoons, skunks, and white-tailed deer. A 
number of bird species such as the common flicker, Eastern kingbird, veery, and song sparrow 
are also known to frequent forested areas in the vicinity of the project site (USACE 1994).  
 
3.9 Threatened and Endangered Species 
 
The U.S. Fish and Wildlife Service (USFWS), was contacted concerning the presence of 
Federally-listed rare, threatened, and endangered species in the vicinity of the project site. Based 
on correspondence dated January 12, 2003, the USFWS detected two Federally-listed species in 
the vicinity of the project site (Appendix A). The Federally threatened bald eagle currently nests 
at the Manasquan Reservoir 2.5 miles southeast of the project site. Eagles from the reservoir nest 
site may occasionally forage or roost in the vicinity of the project area. Upon evaluation of the 
habitat and proposed activities at the site, USFWS has determined that the proposed project is 
not likely to adversely affect the bald eagle due to the fact that eagles are attracted to open bodies 
of water and there is significant tree cover at the project site. 
 
A second Federally-listed species known to occur in the vicinity of the project site is the 
Federally threatened bog turtle. One occurrence of the bog turtle is known within five miles 
downstream of the project site. Suitable habitat was documented approximately four miles 
downstream and USFWS records indicate that a habitat survey was conducted one mile 
upstream, but that the habitat was determined to be unsuitable for bog turtles. In accordance with 
a USFWS request for additional information concerning the habitat suitability for the bog turtle 
in the immediate vicinity of the project site, a Phase 1 bog turtle habitat survey was performed in 
April 2003 by a qualified wetlands scientist.  Results of the survey determined that suitable bog 
turtle habitat was not present in the immediate vicinity of the project site (Appendix B). Findings 
of this survey have been forwarded to USFWS for review in order to confirm that project 
activities will not adversely affect bog turtles. 
 
NJ Department of Environmental Protection, Natural Heritage Program, was contacted 
concerning the presence of State rare, threatened, and endangered species near the project site. 
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Based on correspondence dated January 2, 2003, the Natural Heritage Database does not have 
any records for rare plants or natural communities on the project site. The Landscape Project 
(Version 1.0) shows that suitable habitat patches of forest and forested wetland occur on the 
project site and has records for bird species of special concern, northern pine snake, and Pine 
Barrens treefrog in these habitat patches. A complete list of rare species and natural communities 
found in Monmouth County can be found in Appendix A 
 
Correspondence received from both the USFWS and NJDEP, Natural Heritage Program, can be 
found in Appendix A. 
 
3.10 Hazardous, Toxic, and Radioactive Wastes 
 
A hazardous, toxic, and radioactive waste (HTRW) literature search was completed in 1994 for 
the majority of the Manasquan River Basin, as part of the NEPA process for the Manasquan 
Reservoir located approximately 2.5 miles downstream from the study area. Flood-prone areas 
along the River and its tributaries, as well as the project site, were reviewed. Seventy-three (73) 
possible HTRW sites located in the Manasquan River Basin were considered as potential risks to 
the reservoir project. A majority of the sites identified in this study were located in urbanized 
areas such as Freehold, Farmingdale, and Brielle. Sites on the National Priorities List (NPL), 
which are investigated and remediated under Federal “Superfund” legislation, are considered the 
most serious HTRW threats. Several sites currently on the NPL are located in Howell Township, 
including Bog Creek Farm and the Zschiegner Refining Company; however, both are located 
downstream of the project site. 
 
A review of current HRTW information contained within EPA’s Envirofacts database indicated 
that no Federally regulated sites of any kind were located within a 1-mile radius of the project 
site (USEPA 2003). 
 
3.11 Cultural Resources 
 
The NJ Department of Environmental Protection, Historic Preservation Office, was contacted 
concerning the identification of cultural resources in the vicinity of the project site. Based on 
correspondence dated January 8, 2003, there are no known properties of historical significance 
located near the site (Appendix A). There are several properties considered eligible for the 
National Register in Howell Township, but these are outside the project area. However, the 
Manasquan River is the principal waterway in this portion of New Jersey and sites from the 
major prehistoric periods have been found along the river above and below the project area. 
Therefore, this site may have been utilized by prehistoric peoples, but no physical evidence of 
their presence has been observed. 
 
3.12 Recreational and Aesthetic Resources  
 
Several New Jersey State Parks are located in the region around the project site. Island Beach 
State Park is located along the Atlantic shoreline and contains the State’s largest osprey colony, 
as well as peregrine falcons and numerous species of waterfowl. The park also contains the 
largest expanse of beach heather in New Jersey. Also in Monmouth County are Allaire State 
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Park in Farmingdale downstream of the project site, and Monmouth Battlefield State Park, in 
Manalapan upstream of the project site.  
 
Monmouth County also operates an extensive park system featuring 36 recreational facilities 
totaling more than 12,000 acres. Located in Howell Township 2.5 miles southeast of the project 
site, 720-acre Manasquan Reservoir features ice-skating, fishing, kayaking, and rowboats. The 
Reservoir is a source of drinking water for municipalities and utilities. It is part of a 1,200-acre 
park that includes woods and wetlands, a 5-mile perimeter hiking trail, and an environmental 
center. The Howell Park Golf Course, also operated by the County, is located adjacent to 
Manasquan Reservoir property. Manasquan River Linear Park, located along the river in Howell 
and Freehold Townships, is land area preserved by the County as open space, including canoe 
and kayak access to the Manasquan River.  
 
3.13 Socio-Economic Conditions  
 
3.13.1 Demographic Information 
 
Howell Township, located in south-central Monmouth County, has a land area of 62.1 square 
miles, making it the largest municipality in the County. Residential development in this area 
began largely in the 1960s and has exploded in recent decades, as has commercial development. 
With access to Route 9, Route 195, and the Garden State Parkway, this centrally located 
municipality is one of the fastest growing townships in Monmouth County today.  
 
According the Monmouth County Planning Board, 48,903 people lived in Howell Township in 
2000 (MCPB 2002). An estimated 49,643 people will live there in 2001, and 57,354 people are 
expected to live in the Township by 2020. In the year 2000, 86% of the Township was white, 3% 
was black, 6% was Asian and Other, and 5% were of Hispanic origin. Fifty-eight percent of 
residents are of working age (20-64 years old). The projected median per capita and family 
income for 2000 was $27,372 and 84,238, respectively. The unemployment rate in Howell 
Township in the year 2000 was 3.4%. 
 
As previously mentioned, Bergerville Road serves as a major traffic route between Howell and 
Freehold Townships. If the road were permanently closed, estimates by the Township Engineer 
indicate that a 2.0-mile detour would be needed. A permanent traffic detour would result in 
increased vehicle operating and opportunity costs to the drivers and passengers due to the 
increased travel time. At an estimated annual cost of approximately $1,000,000, this without 
project condition is not considered cost effective (USACE 2000). 
 
3.13.2 Environmental Justice 
 
On February 11, 1994, President Clinton issued Executive Order 12898, Federal Actions to 
Address Environmental Justice in Minority Populations and Low-Income Populations. This 
Executive Order is designed to focus the attention of Federal agencies on the human health and 
environmental conditions in minority communities and low-income communities. It requires 
Federal agencies to adopt strategies to address environmental justice concerns within the context 
of agency operations. In an accompanying Presidential memorandum, the President emphasized 
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that existing laws, including NEPA, provide opportunities for Federal agencies to address 
environmental hazards in minority communities and low-income communities. In April of 1995, 
the EPA released the document titled Environmental Justice Strategy: Executive Order 12898. 
The document established Agency-wide goals and defined the approaches by which EPA will 
ensure that disproportionately high and adverse human health or environmental effects on 
minority communities and low-income communities are identified and addressed. 
   
Also within the context of the NEPA process, effects of the action on children should be 
reviewed under environmental justice. Executive Order 13045, Protection of Children from 
Environmental Health Risks and Safety Risks, directs Federal agencies to ensure that their 
policies, programs, activities, and standards address disproportionate risks to children that result 
from environmental health or safety risks. An estimated 49,643 people will live there in 2001, 
and 57,354 people are expected to live in the Township by 2020. In the year 2000, 86% of the 
Township was white, 3% was black, 6% was Asian and Other and 5% were of Hispanic origin. 
Fifty-eight percent of residents are of working age (20-64 years old). The projected median per 
capita and family income for 2000 was $27,372 and 84,238, respectively. The unemployment 
rate in Howell Township in the year 2000 was 3.4%. 
 
Approximately 4.5% of County residents are below the poverty level.  The distribution of 
minority and low-income residents is not greater in the project area than elsewhere in the county 
or Township. 
 
4. ENVIRONMENTAL CONSEQUENCES 
 
4.1 Topography 

 
Under the No-Action Alternative, lateral bank erosion would continue, contributing to changes in 
bank slope and local topography as the river channel migrates laterally into the road in the 
vicinity of the project site.  
 
The remaining alternatives – the Proposed Action (CCS wall) and Alternatives A (stream 
relocation) and B (road relocation and bank stabilization) – would all involve minor changes in 
local topography. The Proposed Action would make the topography more uniform, while 
stabilizing and reducing the slope of the bank. Alternative A would require the excavation of a 
new channel and backfilling the existing channel. The stream stabilization associated with 
moving the road in Alternative B would decrease the slope of the bank and decrease bank 
erosion. 
 
4.2 Geology and Soils 
 
The No-Action Alternative would result in continued bank erosion and soil loss in the vicinity of 
the project site. 

 
The remaining alternatives, including the Proposed Action, would all result in minor construction 
impacts such as soil compaction and regrading. It is expected that Best Management Practices 
(BMPs) would be implemented during the construction phase of the project and efforts would be 
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made to reduce soil erosion and minimize long term effects on the soils in the vicinity of the 
project area. 
 
4.3 Land Use 

 
The permanent closing and abandonment of Bergerville Road would be the eventual result of the 
No-Action Alternative. This would lead to the re-routing of traffic through suburban residential 
areas and increased inconvenience and opportunity costs for the residents of Howell Township 
and the surrounding area. 
 
Alternative A, the relocation of the stream, is expected to result in minor to moderate land use 
impacts. A new stream channel would be created in the wetlands area north of the current 
channel and wetlands could be created in the backfilled channel. Changes in hydrologic and 
sediment transport regimes could lead to increased downstream flooding, channel adjustments, 
and habitat loss. 
 
Alternative B, the relocation of the road and subsequent stream stabilization would result in the 
conversion of a small strip of adjacent residential land use to road.  
 
No adverse land use effects are anticipated if the Proposed Action is implemented. 
 
4.4 Air Quality 
 
Road closure and subsequent traffic detours associated with the No-Action Alternative are 
expected to increase driving distances and travel times. The resulting increased motor vehicle use 
could pose minor threats to local air quality in the vicinity of the project site. 
 
The remaining alternatives, including the Proposed Action, would have short-term, localized 
construction impacts resulting from emissions from construction vehicles. No long-term impacts 
to air quality are expected to occur. 
 
A General Conformity Review and Emission Inventory was performed to ensure that the 
Proposed Action conforms to the nonattainment area's State Implementation Plan (SIP), thus not 
adversely impacting the area's progress toward attaining the National Ambient Air Quality 
Standards (NAAQS) (see Appendix C). 
 
Based on the conformity analysis in the subject report, it was determined that the proposed action 
conforms to the applicable State Implementation Plan (SIP).  The total estimated emissions that 
would result from construction of the Manasquan River at Bergerville Road Howell Township 
Monmouth County, New Jersey Streambank Stabilization Project are 0.75 tons of NOx and 0.15 
tons of VOCs.  These emissions are below the General Conformity trigger levels of 25 tons per 
year for each pollutant.  General Conformity under the Clean Air Act, Section 176 has been 
evaluated for the project according to the requirements of 40 CFR 93, Subpart B.  The 
requirements of this rule are not applicable to this project because the total direct and indirect 
emissions from the project are below the conformity threshold values established at 40 CFR 
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93.153 (b) for ozone (NOx and VOCs) in a Severe Nonattainment Area (25 tons of each pollutant 
per year).  The project is not considered regionally significant under 40 CFR 93.153 (i). 
 
4.5 Hydrology and Water Quality 
 
The No-Action Alternative is expected to result in increased bank erosion, causing downstream 
channel adjustments, possibly affecting the downstream trout fishery on the Manasquan River. 
Increased erosion would also lead to an increased sediment load in the river, increasing turbidity 
and reducing water quality in the vicinity of the project site. 
 
Alternative A is expected to dramatically increase water velocities in the vicinity of the project 
site, leading to possible adverse downstream effects resulting from increased stream power and 
sediment transport. Temporary construction impacts resulting from the implementation of this 
alternative would result when trees were cut down or moved. This would decrease shading and 
increase water temperature in the river, as well as increasing sediment load and turbidity due to 
increased soil erosion. Once trees were replanted or allowed to grow back, this impact would be 
alleviated.  
 
Because the current planform alignment of the channel would be maintained with Alternative B, 
only minimal impacts to water quality are anticipated. These impacts would be limited to short 
term construction impacts associated with regrading the south bank of the river. Perhaps the most 
significant impact would be the loss of shade provided by the mature trees along the south bank, 
which would result in localized increases in water temperature. Stabilization of the eroding right 
bank is anticipated to outweigh short-term construction impacts and localized temperature 
increases that would occur until mature vegetation re-establishes at the site. 
 
Minor hydrologic changes are anticipated with the Proposed Action as the channel centerline is 
shifted north approximately one half channel width (approximately 10 feet). This planform 
adjustment would result in minor increase in flow velocities as channel slope is increased. 
Increased flow velocities would help flush accumulated sediment from the existing pools along 
the outside bend, thereby improving habitat quality and diversity in the river. Designs for the 
CCS wall call for additional channel capacity that would alleviate flooding by reducing stage 
height compared to the No-Action Alternative. Stabilization of the eroding right bank is 
anticipated to outweigh short-term construction impacts and localized temperature increases that 
would occur until mature vegetation re-establishes at the site. 
 
4.6 Wetlands 
 
Both the No-Action Alternative and Alternative B are not anticipated to have any expected 
impact on wetlands in the vicinity of the project site. 

 
Alternative A, stream relocation, is expected to result in major impacts to wetlands as a new 
stream channel is constructed across the forested wetlands on the meander bend. These wetland 
impacts could be mitigated somewhat by creating wetlands in the existing stream channel after it 
is backfilled. Wetland soils and vegetation could be transferred from the new channel to the 
backfilled channel to preserve the wetland soils, seed bank, and plant diversity. 
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The Proposed Action will impact approximately 0.36-acre of existing wetlands and State open 
waters; it will shift the stream channel approximately 10 feet toward the inside of the meander 
bend, into the gravel point bar and wetlands along the river’s left bank. This shift will return the 
channel to a preexisting channel configuration. Adverse impacts to the riparian wetlands that 
have established along the gradually expanding point bar and adjacent floodplain over time are 
expected to be minor, and limited to the project area.  Wetland vegetation will be restored and 
replanted to pre-construction condition.  For a detailed description of the proposed wetland 
restoration plan, see the report in Appendix E entitled:  Final Habitat Assessment and 
Recommendations for Restoration for Manasquan River Streambank Stabilization and Channel 
Realignment Project, Howell Township, New Jersey. 
 
4.7 Aquatic Resources 
 
Under the No-Action Alternative, increased sedimentation due to continued bank erosion could 
have adverse impacts on the fish, benthic macroinvertebrates, and other aquatic wildlife in the 
vicinity of the project site. Additionally, aquatic wildlife, especially in the trout waters 
downstream of the project site may be impacted by sedimentation under this alternative. 
 
Alternative A, stream relocation, would require the stream to be blocked or diverted during the 
construction phase of the project. Recolonization of the new stream channel could take some 
time and affect the diversity of organisms in the stream. Because the new stream channel would 
have to be lined with concrete or riprap, habitat diversity would decrease significantly. 
Construction impacts, such as a temporary increase in sedimentation and the removal of trees 
causing a decrease in shading may occur, but would decrease over time once the construction 
phase of the project was completed. 
 
Both the Proposed Action and Alternative B would have similar impacts on aquatic resources in 
the area. Under the Proposed Action, the hardened lower portion of the CCS wall would slightly 
reduce habitat diversity of the stream bottom, potentially impacting the local benthic community 
slightly. The impacts to aquatic resources under Alternative B would depend significantly upon 
the type of bank stabilization technique used. The proposed action would result in some portions 
of wetted channel being converted from deep-water habitat to a shallow-water habitat due to 
grading into the existing left bank.  Certain techniques could add to the habitat diversity of the 
area, while techniques such as riprap and gabions would decrease the diversity of habitat 
available to aquatic wildlife.  The project design should include all existing pools in the new 
channel (approximately 3,000 cubic feet) to replace aquatic habitat. Temporary construction 
impacts similar to those listed under Alternative A would also occur, but would also decrease 
over time.   
 
4.8 Terrestrial Resources 
 
As increased bank slumping and lateral bank erosion occurs under the No-Action Alternative, 
trees and other riparian vegetation will fall into the stream causing further soil erosion and 
impacting the hydrology of the stream itself. 
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Impacts resulting from both Alternatives A and B, as well as the Proposed Action, are similar. 
Short-term construction impacts will harm the riparian vegetation in the vicinity of the project 
site for all of these alternatives. For each alternative, replanting after the construction phase will 
help alleviate the impacts to terrestrial resources.  Mature trees along the right streambank will 
be stabilized prior to initial construction activities to minimize loss of shade habitat due to 
sloughing of the right bank.  If trees are removed, a planting plan for the left bank will be 
incorporated to include native species.  Concurrent with left bank excavation and planting, the 
herbaceous understory of Japanese stiltgrass shall be removed.  This is a non-native and invasive 
species that poses a threat to habitat quality and difficult to control. 
 
 
4.9 Threatened and Endangered Species 
 
Because there are no known State- or Federally-listed threatened or endangered species in the 
vicinity of the project site, there are no anticipated effects on threatened or endangered species 
under any of the listed alternatives. 
 
4.10 Hazardous, Toxic, and Radioactive Wastes 
 
Because there are no known hazardous, toxic, or radioactive waste sites in the vicinity of the 
project site, impacts associated with these types of sites are not anticipated under any of the 
listed alternatives.  As previously indicated in Section 3.9, a Phase 1 bog turtle habitat survey 
was performed on and adjacent to the Manasquan site in April 2003 by a qualified wetlands 
scientist.  Results of the survey determined that suitable bog turtle habitat was not present in the 
immediate vicinity of the project site (Appendix B). Findings of this survey have been forwarded 
to USFWS for review in order to confirm that project activities will not adversely affect bog 
turtles. 
 
4.11 Cultural Resources 
 
Because there are no known cultural resources near the project site, impacts to cultural resources 
under any of the listed alternatives are not anticipated. 
 
4.12 Recreational and Aesthetic Resources 
 
Under the No-Action Alternative, increased sedimentation due to bank erosion may adversely 
affect the trout fishery downstream of the project site. If this occurs, the recreational value of the 
downstream trout fishery is likely to be reduced. 
 
The remaining alternatives may also have temporary impacts to the downstream trout fishery due 
to increased sedimentation during the construction phase of the project. In addition, during 
construction, the presence of construction equipment will temporarily lower local aesthetic 
quality. Once the project is completed, site-related stresses on downstream water quality and 
habitat condition are expected to be greatly reduced. Under each of these Alternatives, impacts to 
State or Township park properties are not anticipated. 
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4.13 Socio-Economic Conditions 
 
Under the No-Action Alternative, Bergerville Road would be permanently closed and traffic 
would have to be re-routed for two miles through suburban areas, causing increased traffic and 
safety concerns in those areas. A permanent traffic detour would result in increased opportunity 
costs to drivers due to increased travel time. The estimated annual cost of this alternative is 
approximately $1,040,000. 
 
Under the remaining alternatives, Bergerville Road would be closed periodically during 
construction activities and fully reopened once construction has been completed. Also, under 
Alternative B, the relocation of the road would involve moving several utility poles and 
pipelines, increasing the cost of this Alternative significantly. 
 
None of the listed alternatives is expected to have disproportionate, adverse environmental or 
human health impacts on minority or low-income populations. Also, none of the proposed 
alternatives is expected to have disproportionate impacts on children. Therefore, the Proposed 
Action or its alternatives would have no adverse impacts on environmental justice. 
 
4.14 Cumulative Effects 
 
Because of the relatively small scale of this project and the lack of other stream altering projects 
in the surrounding area, any cumulative effects associated with this stream bank restoration 
project are expected to be minimal.  
 
5. COORDINATION AND PERMITS 
 
As described earlier, letters were submitted to and comments received from USFWS and NJ 
DEP, Natural Heritage Program, and NJ Historic Preservation Office, addressing potential 
environmental impacts from the proposed project. After negative findings in the Phase 1 Bog 
Turtle Survey, the USFWS is expected to find that no adverse effects on listed species are 
expected. No potential impacts on state listed species or cultural resources were identified by NJ 
DEP, Natural Heritage Program, and NJ Historic Preservation Office, respectively. 
 
In addition to agency coordination, this EA has supported the development of applications for 
the following permits:   
 

• Section 401 Water Quality Certificate - New Jersey Department of Environmental 
Protection, Land Use Regulation Program, New Jersey Surface Water Quality Standards, 
NJSA 58: 10A-1 

 
• Freshwater Wetlands Permit - New Jersey Department of Environmental Protection, 

Land Use Regulation Program, Freshwater Wetlands Protection Act Rules, NJAC 7:7A as 
amended March 16, 1999 

 
• Stream Encroachment Permit - New Jersey Department of Environmental Protection, 

Land Use Regulation Program, Stream Encroachment, NJAC 7:13-4-1 
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• Soil Erosion Sediment Control Permit - New Jersey Soil Erosion and Sediment Control 

Act of New Jersey, Chapter 251; P.L. 1975 
 

The EA also includes an evaluation of the Proposed Action using the “Guidelines for 
Specification of Disposal Sites for Dredged or Fill Material” (40 CFR Part 230) by the United 
States Environmental Protection Agency.   
 
 
6. CONCLUSIONS 
 
The Proposed Action involves arresting encroachment of the Manasquan River into Bergerville 
Road using a CCS wall design to stabilize the embankment. This Proposed Action meets the 
project objectives by providing long-term (>50 year) protection of Bergerville Road at a 
reasonable cost for the non-Federal sponsor, while minimizing associated environmental 
consequences. While the CCS wall design will require shifting the river channel approximately 
10 feet toward the inside of the meander bend, the design will return the river to a historical 
planform alignment, provide additional channel capacity, and reduce or eliminate the project 
site’s harmful influences on downstream habitat and water quality. The other alternatives 
considered under this assessment could meet some or all of these objectives, but at greater 
environmental, economic, or opportunity cost. 
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General Conformity Review and Emission Inventory for the Manasquan River at Bergerville Road 
Howell Township Monmouth County, New Jersey Streambank Stabilization Project  
         
Table 1.  Project Emission Sources and Estimated Power    
         
 hp-hr = # of engines*hp*LF*hrs of operation    
         
Load Factor (LF) represents the average percentage of rated horsepower used during a source's operational profile. 
     # of   hrs of    
Equipment/Engine Category   engines hp LF operation   hp-hr
Roller, VIB, DD, SP 6.0 T   1 130 0.70 4   364
Roller, VIB, DD, SP 12.0 T   1 300 0.70 1   210
Dewatering Pump 12" Diesel   1 32 0.74 11   260.48
Dewatering Pump 12" Diesel   1 32 0.74 11   260
Dozer, Crawler    1 100 0.64 16   1024
Dozer, Crawler    1 135 0.64 83   7171
Dozer, Crawler    1 340 0.64 1   218
Hydroseeder, 3000 Gal, Truck Mt  1 100 0.70 1   70
Grader Motor Artic Cat 12-H   1 135 0.64 1   86
TRK Flatbed, 8'x12'   1 330 0.57 1   188
TRK Rear Dump Body, 12 CY  1 240 0.57 175  23940
LDR, BH, WH 1.25CY FE Bkt  1 86 0.55 18  851
LDR, BH, WH 1.75CY FE Bkt  1 105 0.55 1  57.75
TRK, HWY 8,800GVW 4x4 3/4T-PKUP 1 137 0.57 1  78
TRK, HWY 21,000GVW 4x2 2 axle  1 175 0.57 1  100
TRK, HWY 50,000GVW 6x4 3 axle  1 330 0.57 175  32918
TRK,WTR,OF-HY, 5000 Gal W/CAT613-C 1 175 0.57 1  100
          
Load Factors taken from the General Conformity Review and Emission Inventory for the Delaware River  
Main Channel Deepening Project.  (May 2003).  Prepared for the U.S. Army Corps of Engineers,  
Philadelphia District by Moffatt & Nichol Engineers.     
General Conformity Review and Emission Inventory for the Manasquan River at Bergerville Road  
Howell Township Monmouth County, New Jersey Streambank Stabilization Project  
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Table 2.  Emission Estimates (NOx)        
           
 Emissions (g) = Power Demand (hp-hr) * Emission Factor (g/hp-hr) 
           
 Emissions (tons) = Emissions (g) * (1 ton/907200 g) 
           
 NOx Emissions Factor for Off-Road Construction Equipment is 9.20 g/hp-hr 
           

Equipment/Engine Category     hp-hr  
EF 

(G/hp-hr)  
Emissions 

(tons) 
Roller, VIB, DD, SP 6.0 T    364  9.20  0.0037 
Roller, VIB, DD, SP 12.0 T    210  9.20  0.0021 
Dewatering Pump 12" Diesel    260  9.20  0.0026 
Dewatering Pump 12" Diesel    260  9.20  0.0026 
Dozer, Crawler     1024  9.20  0.0104 
Dozer, Crawler     7171  9.20  0.0727 
Dozer, Crawler     218  9.20  0.0022 
Hydroseeder, 3000 Gal, Truck Mt   70  9.20  0.0007 
Grader Motor Artic Cat 12-H    86  9.20  0.0009 
TRK Flatbed, 8'x12'    188  9.20  0.0019 
TRK Rear Dump Body, 12 CY   23940  9.20  0.2428 
LDR, BH, WH 1.25CY FE Bkt   851  9.20  0.0086 
LDR, BH, WH 1.75CY FE Bkt   58  9.20  0.0006 
TRK, HWY 8,800GVW 4x4 3/4T-PKUP  78  9.20  0.0008 
TRK, HWY 21,000GVW 4x2 2 axle   100  9.20  0.0010 
TRK, HWY 50,000GVW 6x4 3 axle   32918  9.20  0.3338 
TRK,WTR,OF-HY, 5000 Gal W/CAT613-C  100  9.20  0.0010 
            
     Total NOx Project Emissions (tons) = 0.6885 
  
General Conformity Review and Emission Inventory for the Manasquan River at Bergerville Road  
Howell Township Monmouth County, New Jersey Streambank Stabilization Project    
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Table 3.  Emission Estimates (VOCs)        
           
 Emissions (g) = Power Demand (hp-hr) * Emission Factor (g/hp-hr)    
           
 Emissions (tons) = Emissions (g) * (1 ton/907200 g)      
           
 VOC Emissions Factor for Off-Road Construction Equipment is 1.30 g/hp-hr   
           
        EF  Emissions
Equipment/Engine Category     hp-hr  (g/hp-hr)  (tons) 
Roller, VIB, DD, SP 6.0 T    364  1.30  0.0005 
Roller, VIB, DD, SP 12.0 T    210  1.30  0.0003 
Dewatering Pump 12" Diesel    260.48  1.30  0.0004 
Dewatering Pump 12" Diesel    260  1.30  0.0004 
Dozer, Crawler     1024  1.30  0.0015 
Dozer, Crawler     7171  1.30  0.0103 
Dozer, Crawler     218  1.30  0.0003 
Hydroseeder, 3000 Gal, Truck Mt   70  1.30  0.0001 
Grader Motor Artic Cat 12-H    86  1.30  0.0001 
TRK Flatbed, 8'x12'    188  1.30  0.0003 
TRK Rear Dump Body, 12 CY   23940  1.30  0.0343 
LDR, BH, WH 1.25CY FE Bkt   851  1.30  0.0012 
LDR, BH, WH 1.75CY FE Bkt   58  1.30  0.0001 
TRK, HWY 8,800GVW 4x4 3/4T-PKUP  78  1.30  0.0001 
TRK, HWY 21,000GVW 4x2 2 axle   100  1.30  0.0001 
TRK, HWY 50,000GVW 6x4 3 axle   32918  1.30  0.0472 
TRK,WTR,OF-HY, 5000 Gal W/CAT613-C  100  1.30  0.0001 
             
      Total VOCs Project Emissions (tons) = 0.0973 
General Conformity Review and Emission Inventory for the Manasquan River at Bergerville Road  
Howell Township Monmouth County, New Jersey Streambank Stabilization Project    
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Table 4.  Pollutant Emissions from Employee Vehicles       
            
Assumptions:  Average trip distance (1 way) is 25 miles.      
     Average NOx vehicle emission factor is 0.96 g/mile.     
   Average VOC vehicle emission factor is 0.84 g/mile.    
      Work crew comprised of 10 people      
   Every member of the work crew drives their own vehicle.    
   Project construction period is 6 months.      
   Project construction occurs 5 days per week.     
   There are 10 holidays in a calendar year.      
   There are 30 weather days (no work) in a year.     
            
            
 Actual work days = 365 days - 104 weekend days off - 10 holidays off - 30 weather days off.   
            
 Actual work days in 1 year = 221 days  Actual work days in 6 months = 111 days  
            
 NOx Calculation: 10 workers * 2 trips/work day * 111 work days * 25 miles/trip * 0.96 g of NOx/mile 
            
   Total NOx resulting from employee vehicles = 0.06 tons.    
            
            
 VOC Calculation: 10 workers * 2 trips/work day * 111 work days * 25 miles/trip * 0.84 g of VOC/mile 
            
   Total VOCs resulting from employee vehicles = 0.05 tons.    
            
Pollutant emissions associated with employee vehicles derived from data found in: Marine and Land-Based  
Mobile Source Emission Estimates for 50-Foot Deepening Project. January 2002.  Prepared for The Port  
Authority of New York and New Jersey by Killam Associates and Starcrest Consulting Group, LLC.   
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Clean Water Act Section 404(b)(1) Evaluation 
 
I. Project Description 

a. Location 
 
The project site is located along Bergerville Road (a.k.a. Casino Road) in Howell 
Township, Monmouth County, New Jersey. Approximately, 500 feet west of the project 
site, Casino Drive becomes Bergerville Road as it crosses into Freehold Township. The 
road is owned and maintained by Howell Township, who has requested the assistance of 
the U.S. Army Corps of Engineers (USACE) in alleviating damage to the road by 
flooding and erosion resulting from encroachment of the Manasquan River. Howell 
Township is the non-Federal sponsor of this activity. 
 

b. General Description 
 
At the project site, Bergerville Road is approximately eight to twelve feet from the south 
bank of the Manasquan River at a point where the river makes a U-shaped bend. The 
river is somewhat downcut at this location, with floodplain wetlands located inside the 
meander bend and residential properties located on a low terrace just outside the meander 
to the north. During high flow periods, water is directed into this bend at sufficient 
velocity to undercut the south bank. Further up the bank, above the area being undercut, 
additional erosion is resulting from bank slumping. Bergerville Road has been repaired 
twice in the last few years after being damaged by bank slumping. The bank in this area 
is approximately 26 feet high. Approximately 200 linear feet of stream bank requires 
some form of stabilization and erosion control to protect Bergerville Road. 
 
A full range of alternatives was developed through coordination between Howell 
Township, USACE, the New Jersey Department of Environmental Protection (NJDEP), 
the U.S. Fish and Wildlife Service, and consultants. These alternatives fall into the 
following categories: bioengineering and other soft engineering techniques, engineered 
structures, stream relocation, road relocation combined with stream bank stabilization, 
and retaining walls. Specific alternatives within each category are described in this 
section and their reasons for inclusion or exclusion from further consideration are 
discussed. 
 
The USACE undertook a multi-objective planning process for this project where 
economic, social, and environmental considerations were taken into account. During the 
formulation process, several of the alternatives were selected that alleviated the identified 
problems at Bergerville Road in ways that were consistent with both Federal objectives 
and the desires of the community. The full range of reasonable alternatives was 
considered during the National Environmental Policy Act (NEPA) process, resulting in 
the systematic elimination of alternatives that did not meet the purpose of and need for 
the action. The alternative plan that best met the environmental and technical criteria for 
this project site was selected as the proposed action. 
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The proposed action for this project is a Cellular Containment System (CCS). A CCS 
wall consisting of a three-dimensional honeycomb structure made of polyethylene would 
be constructed along the steeply sloping bank. CCS walls are less expensive and more 
aesthetically pleasing than the other alternatives considered. While cells in the lower 
portions of the CCS wall would be filled with concrete to protect the lower banks, cells 
on the upper portions of the bank would be filled with soil and then vegetated. This 
vegetation could lead to improved riparian habitat on the riverbank. Construction impacts 
would be similar to those from sheet piling or modular block walls. Construction of the 
CCS wall would involve moving the centerline of the stream approximately 10 feet away 
from the existing right bank to provide a stable foundation and slope for the wall. The 
configuration would shift the river to an historical alignment that currently consists of a 
gravel point bar and riparian wetlands. This adjustment is expected to cause fewer 
environmental affects than other proposed alternatives; in addition, hydrologic modeling 
indicates that stage heights would be reduced because the modified channel would have 
greater capacity. Utilities would not have to be moved as in the road relocation 
alternative. Although construction impacts will occur to approximately 0.36 acre of 
wetland, the project design calls for replacement of the loss wetland adjacent to the 
realignment.  The need to anchor the wall into the stream bottom, and the need for a 
drainage system are similar to the other types of retaining walls, and the CCS wall allows 
for more natural stream substrates, bank slopes, riparian vegetation, and aesthetics. The 
project life span for the CCS wall is expected to be greater than 50 years. 
 
 c. Authority and Purpose 
 
The study is authorized under Section 14 of the 1946 Flood Control Act, as amended.  In 
a letter dated 6 April 1988, Howell Township, New Jersey requested that the Emergency 
Stream Bank Erosion study be conducted and agreed to serve as the project sponsor.  
 
 d. General Description of the Discharge Material 
 
(1) Characteristics of Fill Material 
The CCS wall would be composed primarily of polyethylene.  The cells in the lower 
portions of the CCS wall would be filled with concrete to protect the lower banks; cells 
on the upper portions of the bank would be filled with soil and then vegetated. 
 
(2) Fill materials 
The footprint of the proposed project would cover an area of approximately 0.36-acre.  
The proposed project would involve the addition of a small amount (approximately 0.10-
acre) of impervious surface to the riverbed.  The upper part of the CCS wall would be 
earth-filled, and pervious.  The 3,000 cubic feet of existing pools would be replaced 
within the new realigned channel. 
 
 e. Description of Proposed Discharged Site 
 
The discharge site is an approximately 420-foot reach of the Manasquan River, along 
Bergerville Road (a.k.a. Casino Road) in Howell Township, Monmouth County, New 
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Jersey.  The total project footprint would encompass approximately 0.36-acre of open 
water, steep upland riverbank, and riparian wetlands. 
 
 f.  Description of Disposal Method 
 
Materials would be placed at the site by mechanical means.  Equipment would be 
standard earth-moving machinery. 
 
II. Factual Determination 

a. Physical Substrate Determination 
The substrate used for the upper portions of the CCS wall will consist of clean, upland 
soils, originating from off-site. 
 
 b. Water Circulation, Fluctuation, and Salinity Determinations 
Water chemistry, clarity, color, odor, taste, dissolved gas levels, nutrients, eutrophication, 
and other physical water quality factors would not be affected by the proposed project.  
Salinity determinations are not applicable to the proposed project. 
 
 c. Suspended Particulate/Turbidity Determination 
The proposed action is expected to only temporarily increase suspended sediments and 
turbidity locally in the Manasquan River during construction of the project.  No 
noticeable impacts to dissolved oxygen levels, toxic metals, organics, or pathogens would 
be anticipated.  Impacts to photosynthetic, filter feeder, and sight feeders are expected to 
be minimal to nonexistent.  Sediment loading and its effects would likely decrease long-
term, as the project would halt the severe erosion of the right bank of the river. 
 
 d. Contaminant Determinations 
Materials for construction of the project would be chemically stable and non-
contaminating.  Construction would take place in areas where the soil is not considered 
likely to be contaminated.  Neither the fill or its placement would cause relocation or 
increases of contaminants in the aquatic ecosystem.  Certification of the project under 
Section 401 is being requested from the New Jersey Department of Environmental 
Protection, and all requirements would be met prior to construction. 
 
 e. Aquatic Ecosystem and Organism Determinations 
The proposed action should have no significant effects on the aquatic ecosystem. No 
significant impacts to benthos, plankton, or nekton are anticipated.  No federally listed 
threatened or endangered species are known to exist in the vicinity of the proposed 
project.  It has been determined, therefore, that there would be no impacts to federal listed 
species as a result of the project. 
 
 f. Proposed Disposal Site Determinations 
No violations of water quality standards are likely to occur as a result of the proposed 
project.  The proposed action would have no adverse effect on municipal or private water 
supplies, recreational or commercial fisheries, water-related recreation, aesthetics, parks, 
national historic monuments, or similar preserves.  The project would likely enhance 
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water quality locally, as it would check the current severe erosion on the right bank of the 
river. 
 g. Determination of Cumulative Effects on the Aquatic Ecosystem 
Because of the restorative nature of the proposed project, it is not anticipated to act in 
concert with other typical area construction activities in adversely impacting local aquatic 
or terrestrial ecosystems. 
 
 h. Determination of Secondary Effects on the Aquatic Ecosystem 
No significant detrimental secondary effects are anticipated as a result of the proposed 
action. 
 
III. Actions Taken to Minimize Adverse Impacts 
 
 1.  Access through existing vegetated wetlands will be minimized wherever 
possible in the construction of this project.  Wherever temporary impacts to existing 
vegetated wetlands are unavoidable, these areas will be stabilized immediately after 
construction.  These areas will be restored and re-planted to their previous condition as 
soon as practicable after construction. 
 
 2.  Access through existing forested upland areas adjacent to the project shall be 
limited to the minimum width necessary for deployment of the construction equipment.  
Clearing of forest vegetation, particularly mature trees, shall be kept to the minimum 
necessary for completion of the project.  All upland areas cleared for construction shall 
be restored and re-planted to their previous condition as soon as practicable after 
construction. 
 
IV. Finding of Compliance 

 
1.  No adaptations of the Section 404(b)(1) guidelines made relative to this 
evaluation. 

 
2.  The alternative of no federal action was not feasible because it would allow the 
catastrophic failure of Bergerville Road. 

 
3.  Certification under Section 401will be applied for from the State of New 
Jersey.  Certification will be obtained prior to construction. 
 
4.  The project would not introduce toxic substances into the Manasquan River or 
result in appreciable increases in existing levels of toxic substances. 
 
5.  No significant impacts to federal or state listed threatened and endangered 
species would result from the project. 
 
6.  No municipal or private water supplies would be affected by the proposed 
project.  Recreational values would remain the same.  No sensitive or critical 
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habitats would be affected, and no long-term adverse impacts would occur.  Local 
water quality could be somewhat enhanced by the project. 
 
7.  Project construction materials would be chemically and physically stable. 
 
8.  The preferred alternative has been reviewed for environmental impacts in an 
Environmental Assessment.  The EA supports the determination that the proposed 
action would lead to a Finding of No Significant Impact, pending public review 
and comment. 
 
9.  When compared to the other alternatives, the preferred alternative was 
determined to the least environmentally damaging alternative that still meets the 
project purposes. 
 
10.  The proposed actions would not significantly affect water quality or the 
aquatic ecosystem, and are found to be in compliance with the requirements of 
guidelines for Sections 404(b)(1) of the Clean Water Act, as amended. 
 
 
 



 

 
                   D-7 
 

 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

Final Habitat Assessment and Recommendations 
For Restoration 

 
Manasquan River Streambank Stabilization 

And Channel Realignment Project 
Howell Township, New Jersey 

 
February 2005 



 

FINAL HABITAT ASSESSMENT AND RECOMMENDATIONS FOR 
RESTORATION 

 
FOR 

 
MANASQUAN RIVER STREAMBANK STABILIZATION AND CHANNEL 

REALIGNMENT PROJECT  
 

HOWELL TOWNSHIP, NEW JERSEY 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Prepared for: 
U.S. Army Corps of Engineers 
Philadelphia District 
100 Penn Square East 
Philadelphia, PA 19107 
 
 
Prepared by: 
EA Engineering, Science, and Technology 
15 Loveton Circle 
Sparks, MD 21152 
 

February 2005 



Final Habitat Assessment and Recommendations for Restoration February 2005 
Manasquan River Streambank Stabilization Project 

i 

EXECUTIVE SUMMARY 
 
A section of the Manasquan River in Monmouth County, New Jersey (NJ) is experiencing active 
incision on the right streambank along Bergerville Road.  The study reach is located along 
Bergerville Road, or Casino Road in Howell Township, NJ, approximately 500 feet from 
Freehold Township.  This bank erosion and flooding of the Manasquan River has degraded the 
stability of the embankment along Bergerville Road, which is located approximately eight to 
twelve feet from the south bank of the river and is owned and maintained by Howell Township.  
Currently, the embankment is approximately 26 feet high and poses a safety issue to motorists 
traveling along the suburban connector road (USACE 2003).  Approximately 200 linear feet of 
the right streambank requires stabilization to protect and reduce damage to Bergerville Road 
from flooding and erosion that result from the encroachment of the Manasquan River.  The 
United States Army Corps of Engineers (USACE) – Philadelphia District evaluated a range of 
bank stabilization and other measures as required by the National Environmental Policy Act 
(NEPA) of 1969 in an Environmental Assessment (EA) published in 2003 to prevent the further 
encroachment of the Manasquan River into Bergerville Road.  The selected alternative from the 
EA includes stabilization of the embankment using a Cellular Confinement System (CCS) wall 
design to rebuild a stable slope and a subsequent relocation of the existing stream channel. 
 
Because channel relocation is proposed as part of this project, a Stream Encroachment Permit is 
required.  The USACE submitted an application to the New Jersey Department of Environmental 
Protection (NJDEP), Office of Permit Coordination and Environmental Review in October 2003 
(Appendix A).  The NJDEP reviewed the permit package and the Division of Fish and Wildlife 
(DFW) responded with the concern that the EA did not discuss the issue of stream restoration 
following the proposed realignment, as specified in the New Jersey Administrative Code 
(NJAC), sections 7:13-2.9c and 7:13-3.6c,f.  Specifically, DFW is concerned with the loss of 
existing in-stream habitat and fish passage during low flow conditions.  This study was therefore 
conducted in response to concerns by the DFW.   
 
Section 1.0 of this report discusses the purpose and objectives of this study.  Section 2.0 presents 
the methods of data collection, including a review of existing information and a stream 
assessment of the stream reach in the project area.  The stream assessment included a description 
of the key physical and geomorphic features of the study area, the existing riparian and adjacent 
habitat, and biological indicators present within the reach, including benthic macroinvertebrates.  
In Section 3.0, previous hydraulic models are discussed and a new hydraulic model was 
completed to generate water surface profiles (river depths, areas, flows, and velocities) at 
specified cross-sections for steady, gradually-varied flow during low flow scenarios for use in a 
biological assessment for a fish passage analysis included at the end of this section.  The 
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hydraulic model was completed for the existing conditions as well as a with-project scenario.  
Following the hydraulic models discussion, Section 4.0 includes an evaluation of the channel 
design prepared by the USACE to determine the extent to which the modified channel duplicates 
the pre-construction character of the channel.  The streambank stabilization restoration plans are 
currently at 30% design and do not yet show the level of detail to determine compliance with 
NJAC 7:13-2.9c and 7:13-3.6c and f.  As a result, this section discusses details that the 100% 
design plans should include for compliance with NJAC.  Requirements for the restoration design 
plans were divided into the following four categories for discussion: 1) scheduling, construction, 
and logistical details, 2) in-stream and channel details, 3) riparian and adjacent vegetation details, 
and 4) biological requisites.  Finally, a discussion and conclusion is presented in Section 6.0 that 
includes recommendations for the project and 100% design plans. 
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1.0 Purpose and Objectives of Study 
 
A section of the Manasquan River that runs through Howell Township in Monmouth County, 
New Jersey (NJ) is experiencing active incision on the right streambank along Bergerville Road.  
This bank erosion and flooding of the Manasquan River has degraded the stability of the 
embankment along Bergerville Road, which is located approximately eight to twelve feet from 
the south bank of the river (Figure 1-1).  Currently, the embankment is approximately 26 feet 
high and poses a safety issue to motorists traveling along the suburban connector road (USACE 
2003).  Approximately 200 linear feet of the right streambank requires stabilization to protect 
and alleviate damage to Bergerville Road from flooding and erosion that result from the 
encroachment of the Manasquan River.   
 
As a result of the erosion and flooding issues, the USACE Philadelphia District has prepared 
streambank stabilization design drawings, flood elevation calculations, and a draft 
Environmental Assessment (EA) for the stabilization of the embankment using a Cellular 
Confinement System (CCS) wall design (200 linear feet) in conjunction with relocating the 
channel centerline to the north to stabilize the embankment and prevent further bank erosion.  In 
the proposed design, construction of the CCS wall includes the temporary excavation of 
approximately 3.5 ft below the existing bottom elevation of the stream channel to anchor the wall 
into the stream bottom with an articulating concrete block scour apron that is the leveling layer 
and a maximum of 6 inches thick.  The upper half of the CCS wall would be filled with soil and 
planted to reestablish vegetation on the bank (USACE 2003).  A drainage system is also 
proposed behind the CCS wall to provide adequate drainage along the right streambank.  The 
foundation for this wall would extend out approximately 10 feet from the current bank, resulting 
in a slight shift in the stream centerline towards the north. The cost of construction is estimated at 
approximately $445,000 (USACE 2003). 
 
Because channel relocation is proposed, a Stream Encroachment Permit for the project is 
required.  The USACE submitted an application to the New Jersey Department of Environmental 
Protection (NJDEP), Office of Permit Coordination and Environmental Review in October 2003 
(Appendix A).  The NJDEP reviewed the permit package and provided the following comments 
from the Division of Fish and Wildlife (DFW): 
 
“While the DFW agrees that the proposed solution is the least environmentally damaging 
alternative that fulfills the objectives, they also note that the EA does not discuss the issue of 
stream restoration following the proposed realignment.   The criteria of a Stream Encroachment 
Permit at New Jersey Administrative Code (NJAC) 7:13-2.9 c and 7:13-3.6c and f will require 
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the replacement of instream habitat characteristics, cross channel configuration (i.e., low flow 
channel), bank vegetation/overhead canopy, etc.” (Appendix A). 
 
This study was conducted in response to the DFW statement detailed in the previous paragraph.  
The objectives of this study were: 1.) to characterize the current conditions in the stream channel 
with respect to the cited sections of the NJAC and 2.) to assess if the proposed design replaces 
the existing stream habitat adequately, as specified in the regulations.  The habitat features that 
were defined for the channel to document the existing conditions include percent meandering, 
bottom substrate type, pool/riffle ratio, stream width, depth and gradient, and any habitat 
enhancement devices currently located within the watercourse.  These features should be 
replaced in the final design plans as specified by DFW for compliance with the NJAC. 
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Source: USACE 2003, drawing not to scale 
 

Figure 1-1.  General Location Map of Surveyed Stream Reach on Manasquan River, October 2004 
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2.0 Methods and Collected Data 
 
This section presents the methods of data collection, including a review of existing information 
and the NJAC and a stream assessment of the stream reach in the project area.  The stream 
assessment includes a description of the key physical and geomorphic features of the study area, 
the existing riparian and adjacent habitat, and biological indicators present within the reach, 
including benthic macroinvertebrates.  A hydraulic model was then completed to generate water 
surface profiles (river depths, areas, flows, and velocities) at specified cross-sections for steady, 
gradually-varied flow during low flow scenarios for use in a biological assessment for a fish 
passage analysis.   
 
2.1 Review of Existing Information 
 
2.1.1 Data Reports and Studies 
 
Existing project information reviewed prior to the site visit included the Draft Environmental 
Assessment (USACE 2003), the existing topography map of the project area (Appendix B, 
Drawing 1), the proposed streambank stabilization and channel relocation design plans 
(Appendix B, Drawings 2 and 3), the hydrologic and hydraulic studies (HEC-2 analysis), the 
Stream Encroachment Permit package and DFW statement (Appendix A), and documentation of 
coordination efforts of the project between agencies. 
 
The New Jersey Department of Environmental Protection (NJDEP), Bureau of Freshwater and 
Biological Monitoring, uses U.S. Environmental Protection Agency's (USEPA) Rapid 
Bioassessment Protocols for use in Streams and Wadeable Rivers (Barbour et. al. 1999).  
Agency personnel at NJDEP were contacted to acquire existing biological, habitat, and water 
quality data from the Manasquan River upstream and downstream of the study reach. 
 
2.1.2 New Jersey Administrative Code (NJAC) 
 
The DFW requires stream restoration so that no net loss in habitat results at the channel 
realignment site.  The NJAC 7:13-2.9c and 7:13-3.6c and f specifies criteria for Stream 
Encroachment.  This may “require the replacement of instream habitat characteristics, cross 
channel configuration (i.e., low flow channel), bank vegetation/overhead canopy, etc” (Appendix 
A, DFW letter dated 14 January 2004).  The following sections describe the requirements of the 
cited sections of the NJAC from the New Jersey Department of State, New Jersey Department of 
Archives and Records Management (2004) followed by an explanation of each section.   
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NJAC 7:13-2.9 Channel modification, c): 
 
“(c) Environmental standards for channel modification are as follows: 1. Reconstruction of 
aquatic habitat damaged or destroyed during channelization is required (NJAC 7:13-3.4) whether 
or not the watercourse is trout-associated.  This includes, but is not limited to, replication of 
aquatic characteristics such as percent meandering, bottom substrate type, pool/riffle ratio, 
stream width, depth and gradient, and the placement of habitat enhancement devices within the 
watercourse.  Provision for Fish Passage (NJAC 7:13-3.6(c)) is required, as is vegetative bank 
stabilization to reestablish any near-watercourse habitats damaged or destroyed as a result of the 
construction of the project.”  
 
Section (c) therefore states that the existing in-stream habitat at the site is required to be returned 
to similar quality and quantity of pre-construction conditions following the construction of the 
proposed project, even though this portion of the Manasquan River is not categorized as 
supporting trout species. 
 
NJAC 7:13-3.6 Projects affecting other fish resources, c) and f): 
 
 “(c) Channel modifications at bridges and culverts (including their upstream and downstream 
transition zones), channelization projects, watercourse cleaning projects, and other channel 
modifications (excluding dams) shall comply with the following fish passage requirements:  

1. Any new or modified channel of a watercourse shall be designed and constructed so that, 
during low-flow conditions, the water depth is at least as deep as in the pre-construction 
channel unless the Department allows an exception to this requirement pursuant to (c)2 
below.  

2. No exception to (c)1 above shall be allowed by any delegated agency.  The Department 
will allow an exception to (c)1 above if:  

i. The pre-construction channel does not allow for the upstream passage of fish 
during low-flow conditions; 

ii. Conditions upstream or downstream of the channel modification are unfavorable 
to fish passage; or 

iii. The Department determines that other circumstances such as public need for the 
project or exceptional and undue hardship for the applicant warrant such an 
exception.” 
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“(f) The new or modified channel of a watercourse shall be designed and constructed in such a 
manner as to duplicate or preserve the pre-construction character of the channel including 
proportion of shading, pools, flats, riffles and cascades and areas for fish cover and shelter.” 
 
Section (c) therefore states that if the stream reach is passable to fish during current low flow 
conditions, then the completed project must also be passable to fish at the same depths as pre-
construction.  The proposed project includes channel relocation and is therefore considered 
channel modification.  Section (f) states that the in-stream habitat at the site is returned to similar 
quality and quantity for fish habitat of pre-construction conditions following the construction of 
the proposed project. 
 
2.2 Stream Assessment 
 
EA conducted a field reconnaissance survey of the study area on 12 October 2004.  The field 
team was comprised of three scientists with expertise in benthic biota, fisheries, botany, and 
stream restoration.  Approximately 480 feet were surveyed including the entire area within the 
“Contractor Limit of Work” as detailed in the streambank stabilization design (Appendix B, 
Drawing 2).  The field reconnaissance included a description of the key physical and geomorphic 
features of the study area, the existing riparian and adjacent habitat, and biological indicators 
present within the reach, including benthic macroinvertebrates.  These characteristics are 
described in full detail in the following sections to profile the existing conditions prior to 
construction at the site.  All field datasheets are included in Appendix C of this report.  The 
physical characterization section includes a description of the existing features and the current 
substrates of the surveyed stream reach.  The habitat assessment section includes a discussion of 
the existing riparian, adjacent, and in-stream habitat at the surveyed stream reach.  The biological 
indicators section describes the benthic macroinvertebrate, fish, nearby terrestrial wildlife 
community observed within the survey stream reach, and the water quality parameters recorded 
at the reach.  A site map of the study area was completed that depicts the major features observed 
during the stream assessment.  The map was scaled to show the entire reach surveyed and 
included features within the surveyed reach, or the designated limit of disturbance and is detailed 
in design Drawing 4, included in Appendix B of this report.  Photographic documentation of the 
stream assessment is included in Appendix D of this report. 
 
2.2.1 Physical Characterization 
 
2.2.1.1 Existing Features 
 
The prominent existing physical features were mapped and measured within the surveyed stream 
reach.  The features recorded included pools, riffles, and runs/glides.  The current conditions that 
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describe the physical features that require replacement as specified in the regulations and are 
described in this section include radius of curvature (meandering), pool/riffle ratio, stream width, 
depth, and gradient are defined for the existing channel. A short description of each of the 
features observed is included in the paragraphs below.  There were no cascades, plunge or step 
pools observed in the reach.   
 
Definition of Physical Features 
 
The channel gradient (measured in ft/ft) is the amount by which the grade increases or 
decreases in a unit of horizontal distance (USDA 1989).  The average stream width and the 
channel gradient were determined using an existing topographic survey of the site (Appendix B, 
Drawing 1).  Stream depths were recorded for each physical feature.  The maximum stream 
depth was measured at all pools and riffles, and an average stream depth was measured at all 
runs and glides. 
 
Meanders are bends in stream channels that naturally form as streams flow through floodplains 
(ODNR 2000).  The planimetric view of the stream can be used to describe percent meandering 
and other geometric relationships such as average radius of curvature, which was defined in this 
study reach.  The radius of curvature can be used to evaluate channel resistance to erosion 
(Rosgen 1996).  Meanders increase the quality and quantity of stream habitat and reduce flows 
by dissipating energy. 
 
A riffle is an area of shallow rapids where faster water flows over completely or partially 
submerged obstructions to produce surface agitation, but standing waves are absent.  The 
substrate in a riffle is usually composed of gravel, pebble, and cobble-sized particles (USDA 
Forest Service 1989).  Riffles improve water quality by increasing dissolved oxygen, provide 
spawning habitat for many aquatic species and productive areas for benthic macroinvertebrates, 
and create silt-free substrates (ODNR 2000)  
 
A glide generally possesses both riffles and pool attributes and is characterized by moderately 
shallow water with an even flow that lacks pronounced turbulence.  Glides are normally located 
at the transition between pool and the head of a riffle, glides are occasionally found in long, low 
gradient stream reaches with stable banks and no major flow obstructions. The substrate in a 
glide is usually composed of gravel and cobbles (USDA Forest Service 1989).  A run is a deep 
area in a stream where water flows fast with little or no turbulence and normally is located at the 
transition from a riffle to a pool.  Runs and glides were grouped together in the stream 
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assessment since both features provide similar habitat.  Runs and glides provide critical habitat 
for many aquatic species and are areas utilized in spawning, feeding, and resting (ODNR 2000). 
 
A pool is a deep area in a stream where water flows slowly with no turbulence.  There are four 
types of pools: 1.) large-shallow, 2.) large-deep, 3.) small-shallow, and 4.) small-deep.  A large 
pool is described as greater than half the cross-section of the stream and a deep pool is at least 
three feet deep (Barbour et. al. 1999).  Additionally, logs, root wads, boulders or stream banks 
can cause backwater pools to form as water swirls around the obstacle. Pools normally have finer 
substrates such as silts and sands compared to riffles and have the potential to either scour or fill 
in with these substrates.  Pools provide critical habitat for many aquatic species and are areas 
utilized in spawning, feeding, and resting.  Pools also provide refuge during droughts and the 
winter.  Deeper pools provide aquatic species cover for protection from terrestrial predators 
(ODNR 2000). 
  
The pool to riffle ratio is the ratio of the surface area or length of pools to the surface area or 
length of riffles in a given stream reach, frequently expressed as the relative percentage of each 
category (USDA Forest Service 1989). 
 
Physical Features Observed in Stream Reach 
 
A total of 5 pools, 6 runs/glides, and one riffle were identified within the surveyed stream reach 
(Table 2-1). Of the 480 total feet surveyed, 27 percent of the reach was composed of pools, 69 
percent was composed of runs/glides, and less than 1 percent was composed of riffles.  The depth 
of the pools ranged from 1.7 ft to 3.1 feet deep and included both large shallow and small 
shallow pools.   The depth of the runs/glides ranged from 0.4 feet to 0.9 feet deep and the 
average depth was 0.6 feet deep.  The depth of the riffle in the survey reach was 0.3 feet deep. 
 
Additionally, the riverbed elevation dropped 1 ft over the 480 ft survey reach, resulting in an 
average gradient of 0.0022 ft/ft.  The average radius of curvature of the bend located at the 
stream reach is 120 ft.  The average stream width was approximately 20 ft.  These calculations 
were completed in the office using the existing topography design drawings (Appendix B, 
Drawings 2 and 3).  
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Table 2-1.  Physical Features Observed During a Stream Survey in the Manasquan River, 
October 2004 

 

ID Type of 
Feature 

Length 
(ft) 

Width 
(ft) 

Depth 
(ft) 

Approximate 
Volume (ft3) 

Pebble Count 
Sample No. 

1 Run/glide 135 25 0.6 2,025.0 1* 
2 Pool 14 10 2.0 280.0 2 
3 Run/glide 32 20 0.7 448.0 3* 
4 Pool 11 6 1.71 112.9 4 
5 Run/glide 36 20 0.9 648.0 5* 
6 Pool 15 7.5 1.82 204.8 6 
7 Run/glide 17 15 0.5 127.5 7* 
8 Pool 11 13.6 2.32 347.1 8 
9 Riffle 4 4 0.3 4.8 9* 
10 Run/glide 4 10 0.4 16.0 - 
11 Pool 72 9 3.1 2,008.8 10 
12 Run/glide 91 20 0.7 1,274.0 11* 

*nonpool features combined in pebble count data. 
 
2.2.1.2  Current Substrates 
 
The substrate of the streambed and banks are important indicators of the make-up of a stream 
and influence the character, hydraulics, erosion rates, sediment supply and other parameters 
(Harrelson 1994).  The type of material in a streambed can be quantified through a pebble count 
using the technique described as the Wolman Pebble Count (1954).  A representative pebble 
count procedure was utilized that includes a stratified, systematic sample method that 
proportionally samples all bed features within the bankfull channel through a defined reach 
(Rosgen 2004).  Initially, the stream reach is divided into two categories: 1) pools, and 2) riffles, 
runs, and glides.  The total distance of the reach is then divided into pool and non-pool feature 
lengths and these features are sampled as evenly as possible based upon the percent of total 
reach.  Particles were collected at evenly spaced intervals across the channel at the selected cross 
sections.  Because the channel width was small, particle sampling included only those particles 
within the channel and did not include bankfull particles, to reduce the potential to skew the 
particles that make up the boundary of the channel.  The intermediate axis (B-axis) of each 
particle was measured with a scale in the field (See Figure 2-1).  The dominant particle size is 
then determined to characterize the channel substrate. 
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Source: Harrelson 1994 

 
Figure 2-1.  The Axes of a Pebble – The B Axis is Measured in the Wolman (1954) Pebble 

Count. 
 
Within the reach (~480 ft in length), approximately 30 percent was comprised of pools and 70 
percent of the reach was comprised of non-pools (riffles, runs, and glides).  Fifty-five percent of 
the pebble count stations were located at non-pools and forty-five percent of the pebble count 
stations were located in pools.  Because only one small riffle (1 ft wide by 4 ft long) was 
observed within the reach, only one sample was collected within a riffle.  Ten total samples were 
collected in runs/glides and pools to evenly sample all features.  A total of 11 pebble count 
stations were recorded (Table 2-2).  Because the width (wetted width) of the channel was 
approximately 30 ft wide, one sample was collected approximately every three feet moving 
perpendicular across the channel at the selected cross sections. The upper limit of each particle 
size class was graphed versus the cumulative percent finer than as shown in Figure 2-2.  Based 
on this graph, the indexed D50 can be determined.  The D50 is defined as 50 percent of the 
sampled population is equal to or finer than the representative particle diameter. This number 
determines the dominant particle size, which can be compared to or combined with the particle 
size of greatest observation.  From Figure 2-2, the D50 is 0.07 inches, which is characterized as 
very coarse sand. 
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Figure 2-2.  Manasquan River Pebble Count Data - Cumulative % versus Particle Size
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Table 2-2.  Results of Representative Pebble Count of Substrate Collected in the 
Manasquan River, October 2004 

 

Particle 
Category 

Particle 
Size (in) Particle type Pool 

total 
Pool % 

cum 

Non-
pool* 
total 

Non-
pool* 

% cum 
Total Total % 

cum 

0.002 silt/clay 2 4 0 0 2 2 
0.005 very fine 0 4 0 0 0 2 
0.01 fine 0 4 0 0 0 2 
0.02 medium 2 8 3 5 5 6 
0.04 coarse 19 46 14 28 33 36 

Sand 

0.08 very coarse 8 62 9 43 17 52 
0.16 very fine 4 70 12 63 16 66 
0.22 fine 4 78 6 73 10 75 
0.31 fine 0 78 1 75 1 76 
0.44 medium 2 82 1 77 3 79 
0.63 medium 1 84 2 80 3 82 
0.89 coarse 1 86 3 85 4 85 
1.26 coarse 0 86 0 85 0 85 
1.77 very coarse 1 88 3 90 4 89 

Gravel 

2.50 very coarse 1 90 0 90 1 90 
3.50 small 1 92 1 92 2 92 
5.00 small 1 94 0 92 1 93 
7.10 large 0 94 0 92 0 93 

Cobble 

10.1 large 0 94 1 93 1 94 
14.3 small 1 96 1 95 2 95 
20 small 0 96 0 95 0 95 
40 medium 0 96 0 95 0 95 

Boulder 

80 large very large 0 96 0 95 0 95 
Bedrock >80 bedrock 2 100 3 100 5 100 

*Nonpool corresponds to pebbles collected in riffles and run/glide features. 
 
In addition to the pebble count data, a visual observation of the inorganic substrates was 
estimated in the field (Table 2-3).  Similarly to the pebble count data, sand visually appeared to 
make up the majority of the substrates in the channel and clay and bedrock made up the least 
amount of substrates in the channel.  Sandy point bars were observed along the inside of the 
meander on the left streambank and also at run/glide #12 on the left streambank.  A large amount 
of iron flocculent in the sandy areas was observed in the study reach and seeping from the left 
streambank at the downstream end of the reach.  Bedrock and large boulders were observed at 
the streambank adjacent to pool #11 on the right bank and further downstream on the right bank 
at run/glide #12. 
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Table 2-3.  Inorganic Substrate Components Observed During a Stream Survey in the 
Manasquan River, October 2004 

 
Substrate 

Type Diameter (in) % Composition in 
Sampling Reach 

Bedrock >80 1 
Boulder 10.1 – 80 2 
Cobble 2.50 – 10.1  5 
Gravel 0.08 – 2.50  15 
Sand 0.002 – 0.08  65 
Silt 0.0002 - 0.002  11 
Clay <0.0002 1 

TOTAL 100 
 
2.2.2 Habitat Assessment 
 
The NJDEP, Bureau of Freshwater and Biological Monitoring uses the Rapid Bioassessment 
(RBA) procedure adopted from the USEPA’s Rapid Bioassessment Protocols for use in Streams 
and Wadeable Rivers (Barbour et. al. 1999).  Therefore, the RBA Habitat Assessment Field Data 
Sheet for Low Gradient Streams was completed for the stream reach to be consistent with the 
NJDEP protocol for habitat assessment.  Ten criteria are used to characterize habitat in this 
assessment with the scoring ranges of: scores of 0 to 2 for poor conditions, 3 to 5 for marginal 
conditions, 11 to 15 for suboptimal conditions, and 16 to 20 for optimal conditions.  The 
following habitat parameters were analyzed as part of this method: 
 

• Epifaunal Substrate / Available Cover 
• Pool Substrate Characterization 
• Pool Variability 
• Sediment Deposition 
• Channel Flow Status 
• Channel Alteration 
• Channel Sinuosity 
• Bank Stability (left and right banks) 
• Vegetative Protection (left and right banks) 
• Riparian Vegetative Zone Width (left and right banks) 

 
A total score of 114.5 was calculated for the stream reach assessed on the Manasquan River, 
during the October survey.  This corresponds to a habitat assessment score of 11.5, indicating 
suboptimal conditions.  Among the highest scoring parameters were channel alteration - none 
was observed (score of 20) and left bank vegetative protection and zone width - no disruption 
was observed (score of 9.5 and 10).  Among the lowest scoring parameters were bank stability 
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for right bank - active incision is occurring (score of 0) and riparian vegetative zone width for 
right bank - narrow area due to adjacent road and bank erosion (score of 4).  Also of note, the 
parameter epifaunal substrate / available cover was categorized as marginal and obtained a low 
score of 6. 
 
Monmouth County Department of Health (DOH) uses the RBA protocol in local rivers and 
streams as part of the NJDEP, Bureau of Freshwater and Biological Monitoring network.  
Monmouth County monitors over 143 stream sites as part of this program.  Three of these 
stations are located in the vicinity of the surveyed stream reach (Figure 2-3).  One station 
(MRBERG) is located on Cattail Creek approximately 0.60 stream miles upstream of the reach 
and two stations (AN0488 and AN0489) are located approximately 1.0 stream miles downstream 
of the stream reach (Table 2-4).  All three stations achieved habitat scores (154, 128, 126) higher 
than the surveyed stream reach (114.5) included in this report, although all stations indicated 
suboptimal conditions.  
  

Table 2-4.  Habitat Scores for Manasquan River Stream Sampling Stations Located 
Upstream and Downstream of Project Site 

 

ID 
No. 

Station 
Name Waterway Station Location Town Habitat 

Score 

-- Study Site Manasquan River Casino Road Howell 114.5 

130 MRBERG Manasquan River Bergerville Rd (US*) Howell 154 a 

--- AN0488 Manasquan River Strickland Rd (DS*) Howell 128 a 

56 AN0489 Manasquan River Route 9 (DS*) Howell 126 a 
aSource: NJDEP 2001 
vSource: DOH  
*DS: downstream, US: upstream 
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EA’s Site Location 

Station AN0488

Station AN0489

Station MRBERG

Source:  Topozone 1999-2003, USGS Adelphia Quad 

Figure 2-3.  Location Map of Surveyed Stream Reach and Upstream and Downstream Monmouth County Department 
of Health and New Jersey Department of Environmental Protection Rapid Bioassessment Stations 
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2.2.2.1  Riparian Habitat 
 
A habitat assessment of both the left and right riparian areas of the streambank was completed 
within the study area.  The right streambank is actively incising and depths of approximately 26 
feet were recorded in the study area (USACE 2003).  A dry, deciduous forest with steep 
topography is located along Casino Road adjacent to the stream.  The dominant canopy plant 
species observed along the right bank were American beech (Fagus grandifolia) of 
approximately 80-100 feet tall with a 10-18” diameter at breast height (DBH).  Sub-dominant 
plant species included red maple (Acer rubrum) and tulip poplar (Liriodendron tulipifera) of 60-
80 feet tall with a 10-18” DBH.  The understory was thin and the species observed included 
American beech saplings and blueberry species (Vaccinium sp.).  A raised island that acts as a 
floodplain is located along the right bank at the upstream end of the reach. 
 
A forested wetland and open emergent marshes are located along the left streambank within the 
study area.  The dominant canopy species observed included red maple of approximately 80-100 
feet tall with a 10-18” DBH and the sub-dominant canopy species included pignut hickory 
(Carya tomentosa) of 40-60 feet tall with a 6-10” DBH.  Understory species included the shrub 
species spicebush (Lindera benzoin) and arrowood viburnum (Viburnum dentatum), and the vine 
form of poison ivy (Toxicodendron radicans).  Open herbaceous areas were dominated by 
Japanese stiltgrass (Microstegium) and lady’s thumb smartweed (Polygonum persicaria).  Sub-
dominant tree species included box-elder (Acer negundo), silver maple (Acer saccharinum), and 
American beech. 
 
It was estimated during the October 2004 site visit that 90% of the stream channel is shaded due 
to the maturity of the riparian vegetation.  A shaded riverine aquatic environment provides 
habitat for juvenile fish species through the riparian vegetation, which provides cool 
temperatures and cover for benthic macroinvertebrates.  
 
2.2.2.2  In-Stream Habitat 
 
Habitat characteristics are among the most important variables affecting benthic and fish 
community composition and proper characterization of the habitat parameters is critical to 
accurately evaluating biological conditions.  Important in-stream habitat features observed 
during the stream assessment included submerged aquatic vegetation (SAV), large woody debris 
(LWD), and other features such as large cobble, boulders, undercut banks, and leaf pack.  These 
features are described below and by ID in Table 2-5. 
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Table 2-5.  Significant In-Stream Habitat Features Observed During a Stream Survey in 
the Manasquan River, October 2004 

 

ID Type of 
Feature Significant Features Noted 

1 Run/glide Four small patches (1ft2) of SAV, leaf packs 
2 Pool LWD = 37.7 ft2 
3 Run/glide Live root wad with undercut banks 
4 Pool - 
5 Run/glide Discharge from pipe, LWD = 10.76 ft2  
6 Pool - 
7 Run/glide - 
8 Pool Deep pool with LWD =10.76 ft2 in bottom of pool 
9 Riffle Small riffle with large substrates 
10 Run/glide - 
11 Pool Bedrock and group of boulders along pool on right bank 
12 Run/glide Group of boulders and live root wad with undercut banks along 

right bank, point bar along left bank, leaf packs, LWD = 26.9 ft2 
 
Submerged Aquatic Vegetation 
SAV provides refuge, spawning/nursery habitat, and food for aquatic fauna.  SAV also protects 
banks from soil erosion, stabilizes stream substrates, and increases habitat diversity.  Two 
freshwater SAV species were observed rooted in the sandy substrates near the left bank at 
Run/glide #1.  Three small patches (1ft2) of common waterweed (Elodea canadensis) and one 
small patch (1ft2) of wild celery (Vallisneria americana) were observed.  No SAV was observed 
upstream or downstream of the reach.  Both of these SAV species are native to the U.S., made up 
less than 1 % of the stream reach, and appeared to be unrepresentative of the surrounding area. 
 
Large Woody Debris 
LWD is submerged tree material that is large enough (>6" in diameter) to remain secure within 
the channel and provides critical habitat, cover, and food sources for benthic and fish species. 
LWD helps protect banks from soil erosion, increases habitat diversity, and reduces flooding 
impacts by slowing stream flows and redirecting flow to create scour pools and gravel bars 
(ONDR 2000). Recording the presence of LWD involves measurements based on visual 
estimates taken by a wading observer (Barbour et. al. 1999). Submerged LWD provides habitat 
and cover for macroinvertebrates and fish species, and therefore, only woody debris (e.g. root 
wads, standing trees/stumps, accumulations of logs/limbs) that was identified below the water 
surface was measured and recorded. Length and width measurements (to the nearest 1.6 ft) were 
reported for all LWD within the stream reach and recorded on the site map. The length and width 
of each LWD formation was multiplied, and a total LWD area was obtained to show the aquatic 
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habitat area directly exposed to LWD.  This total LWD was then divided by the water surface 
area within the sampled reach to obtain LWD density (Barbour et. al. 1999).  
 
Root wads are considered LWD and refer to the trunk of a tree with the roots attached and the 
soil removed, therefore exposing the roots and providing additional habitat for fish and benthos.  
Two large root wads were located along the right streambank at Run/glide #3 and at Run/glide 
#12.  The root wads observed in the stream reach were not submerged at the time of the survey, 
and were not included in the LWD calculations, but are most likely submerged during portions of 
the year.  The banks were undercut below the root wads.  The undercut areas also provide habitat 
and cover for aquatic species from terrestrial predators.   
 
Within the study reach, approximately 78 ft2 of LWD was observed in the form of submerged 
stumps in the pools and submerged logs along the streambanks.  Live root wads along the right 
streambank were observed due to the actively incising channel, but were not submerged and 
therefore not included in these calculations.  The stream reach length is approximately 480 ft 
measured from the centerline and an average width of 20ft = 9,600 ft2.  Therefore, LWD makes 
up less than 1% of the study reach. 
 
Other Features 
Additional features such as leaf packs, large cobble, and boulders also provide additional in-
stream habitat for aquatic fauna.  Boulders are rocks with a diameter greater than 10 inches that 
function to slow stream flows thus, creating eddies and backwater areas.  Large, exposed cobble 
and boulders were observed within the stream reach and provide opportunities for habitat in the 
form of cover and substrate.  A group of boulders (approximately 3-5 rocks) were located at Pool 
#11 at the edge of the pool on the right streambank, along the right streambank at Run/glide #12, 
and a group of large cobble (approximately 3-5 rocks) was located further downstream on the 
right streambank at Run/glide #12. 
 
Leaf packs are bundles of old (four to six months) decomposing leaves that are clumped together 
to provide a major source of energy in the form of organic carbon.  This organic detritus (as 
coarse particulate organic matter) fuels secondary production through the physical breakdown of 
leaves and the conversion of leaf material into smaller particles, microbial biomass, and animal 
tissue.  Benthic macroinvertebrates that are within the detritivorous group (e.g. Gammaridae, 
Elmidae, Tipulidae, Phryganeidae, etc.) (Merrit and Cummins 1996) are considered shredders 
and require this type of leaf pack habitat for survival.  Small groupings of leaf pack habitat were 
observed at the upstream portion of the stream reach, at Run/glide #1 and at the downstream 
portion of the stream reach at Run/glide #12. 
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2.2.3 Biological Indicators Present 
 
2.2.3.1 Benthic Macroinvertebrate Analysis 
 
The Rapid Bioassessment Protocol procedure used by the NJDEP is based on USEPA's Rapid 
Bioassessment Protocols for use in Streams and Wadeable Rivers (Barbour et al. 1999). The 
procedure involves the use of a dipnet in sampling of stream bottoms to collect insects, mollusks, 
and crustaceans that are collectively called "macroinvertebrates". Benthic macroinvertebrates are 
bottom-dwelling invertebrate organisms that can be viewed with the naked eye. Samples are 
collected using a multi-habitat sampling approach, concentrated on the most productive habitat 
of the stream, the riffle/run areas (when available), using a 0.025-inch mesh D-framed dipnet. On 
streams without riffles (primarily in the Coastal Plain), woody snags, banks, and macrophytes are 
the primary habitats sampled. The samples are preserved with formalin or alcohol, labeled, and 
transported to the laboratory for sorting and identification. In the laboratory, samples are rinsed 
through a 0.023-inch sieve with water to remove preservative and organisms were removed from 
extraneous materials such as leaves and sand. Sorting is typically performed by evenly dispersing 
the sample in a gridded pan, then removing organisms from randomly selected grids until at least 
100 organisms are obtained. However, the sample size from this survey was small, therefore, the 
total number of organisms (156) were identified by an experienced taxonomist to the family 
level.  Laboratory methods followed guidance from Plafkin et al. (1989).   
 
2.2.3.1.1 Field Collection Results 

In order to assess the existing instream biota, benthic macroinvertebrate samples were collected 
during the stream assessment in October 2004. Benthic communities were sampled using 
proportional habitat sampling (i.e. 20 jabs using a dip net based on the amount of different 
microhabitat within the sampling reach) starting from downstream and moving upstream 
(Barbour et. al. 1999). For example, if a reach included 10% LWD, 30% root wad, and 60% 
riffle, then approximately two, six, and 12 benthic samples, respectively, would be collected at 
each of these habitat types.  For this survey, a total of 20 dipnet samples were collected 
throughout the stream reach from various in-stream habitat types, including leaf packs, LWD, 
and snags. Specific sample proportions of each type of habitat for this study included four 
samples from cobble habitat, eight samples from LWD/snags, and eight samples from leafpacks. 
Samples from each habitat type were composited, placed in a jar with external labels, preserved 
with 10 percent formalin, and returned to EA’s biological laboratory for processing and 
identification. 
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During the benthic sampling, a type of brown algae was observed attached to cobble at the 
downstream end of the reach and no crayfish were observed during the stream assessment.   
 
A total of 156 individuals were collected during the survey that comprised nine taxonomic orders 
and 17 families, which included invertebrates from various trophic structures (e.g. shredders, 
scrapers, and predators) (Table 2-6). The dominant taxa were the family Hydropsychidae (order 
Trichoptera), which had a total of 71 individuals, followed by two other families, Chironomidae 
with 30 individuals and Tubificidae with 17 individuals. The NJDEP utilizes family tolerance 
values (FTV) to determine the relative levels of impairment occurring in the stream. For the 
families collected during this survey, several are considered sensitive taxonomic groups 
(Corydalidae: FTV 0; Gomphidae: FTV 1; Aeshnidae: FTV 3; Tipulidae: FTV 3) while others 
are more tolerant (Psychodidae: FTV 10; Corixidae: FTV 9) of stream impairment and declining 
water quality. Eleven of the 16 total taxa (or 105 of the 156 individuals) are considered sensitive 
(0-5 FTV), which is approximately 70% of the total. This number is relatively high when 
compared to other stations located downstream of the project area.  
 
Table 2-6.  Benthic Macroinvertebrate Laboratory Bench Sheet from a Sample Collected in 

the Manasquan River, October 2004 
 

Order Family Common Name Organism 
Count 

Family Tolerance 
Value (FTV) 

Caenogastropoda Viviparidae Mystery snail 1 6a 
Tubificida Tubificidae Freshwater worm 17 10a 
Amphipoda Gammaridae Scud 4 4b 

Dytiscidae Predaceous diving beetle 1 5d Coleoptera 
Elmidae Riffle beetle 9 4b 
Corydalidae Dobsonfly 4 0b Megaloptera 
Sialidae Alderfly 6 4b 
Hydropsychidae Caddisfly 71 4b Trichoptera 
Phryganeidae Caddisfly 1 4b 

Hemiptera Corixidae Water boatmen 1 9e 
Aeshnidae Dragonfly 1 3b 
Calopterygidae Dragonfly 6 5b Odonata 
Gomphidae Dragonfly 1 1b 
Chironomidae Midgefly 30 6b 
Ephydridae Shorefly 1 6b 
Psychodidae Sandfly 1 10c 

Diptera 

Tipulidae Cranefly 1 3c 
Total Number of Organisms Recovered 156 --- 

aNJDEP (1992 -1996), bUSEPA (1989), cHillsenhoff (1987), dNYDEP (1989), eLenat (1993) 
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Two stations located downstream of the project area were reviewed for comparison with the 
study area: AN0488, which is located on a tributary (Long Brook) of the Manasquan River and 
AN0489, which is located further downstream in the Manasquan mainstem at the Rt. 9 crossing.    
For station AN0488, the number of sensitive taxa collected in 1999 was approximately 8% and 
for station AN0489, the number is 45%.  
 
2.2.3.1.2 Analysis of Results 
 
The data analysis scheme uses five biological metrics to calculate the New Jersey Impairment 
Score (NJIS). Metrics are predictable measures of the benthic community's response to stresses, 
such as changes in water quality or habitat degradation. Each metric measures a different 
component of community structure and has a different range of sensitivity to pollution stress. 
Deficiency of any one metric will not invalidate the entire biometric approach. Sensitive taxa 
were identified from the reach using reported family tolerance values from various sources 
(NJDEP 1992 –1996; USEPA 1989; Hillsenhoff 1987; NYDEP 1989; Lenat 1993). The 
following metrics, based on family-level taxonomy, are used in assessing a NJIS score:  
 
Taxa Richness  
Total numbers of families present in the sub-sample. This metric is calculated by simply totaling 
each different family name in the subsample. This parameter will become reduced in response to 
stress.  
 
% Contribution of the Dominant Family (%CDF)  
Percentage of the total number of the sub-sample organisms in the numerically dominant family.  
This parameter is an indication of community balance and will increase in response to stress.  
 
E+P+T  
Total number of families present belonging to the orders Ephemeroptera, Plecoptera, and 
Trichoptera, commonly known as mayflies, stoneflies, and caddisflies. This metric summarizes 
the taxa richness within the insect groups that are generally considered pollution sensitive.  This 
parameter will become reduced in response to stress.  
 
%EPT  
Percentage of the total number of organisms in the sub-sample belonging to the EPT orders. This 
parameter will also become reduced in response to stress.  
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Modified Family Biotic Index (FBI)  
A weighted sum of the Family Tolerance Values (FTV), based on Hilsenhoff's scale of 0 being 
the most pollution intolerant and 10 being the most pollution tolerant. This parameter will 
increase in response to stress. To calculate this metric, use the FBI calculation below:  

 
where: 
xi=number of individuals within a family 
ti=tolerance value of a family 
n=total number of organisms within the sample  
 
Based on the NJIS protocol, a biological assessment of a stream is determined to be non-
impaired if the total score is between 24-30, moderately impaired if the total score is between 9-
21, and severely impaired if the total score is between 0-6. Table 2-7 provides the results of the 
five biometric analyses for collected macroinvertebrates from this study. The overall score is 18, 
which indicates that this stream reach is moderately impaired.  
 

Table 2-7.  Biometric Results of Benthic Macroinvertebrate Data from the Manasquan 
River, October 2004  

 

Metric Calculated Metrica NJIS Scoreb 

Taxa Richness 17 6 
E+P+T Index 2 0 
% EPT 46.2 6 
%CDF 45.5 3 
FBI 5.04 3 

Total Score --- 18 
aCalculated metrics are determined from the macroinvertebrate data collected from this study 
bScores are provided by NJDEP critieria for screening water quality; based on the calculated 
metric value the scores range from 0-6. 

 
The proportion of impaired streams (either moderately or severely) in the Manasquan River 
Watershed (Management Area #12) is approximately 93% of the total sites monitored (43) 
(NJDEP 2001). Only 3 stations out of the total were considered non-impaired, and those were 
located in the northern and southernmost areas of the region (Atlantic Water Region). The study 
area location for this project is located between these two areas. Furthermore, the monitoring 
data outlined in the NJDEP (2001) report identified acute macroinvertebrate abnormalities (i.e. 
<5% of the specimens exhibited mouthpart deformities) in the family Chironomidae, a majority 
of the sites within the Management Area #12 included significant abnormalities in this family. 
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While the current study did not include identifications of macroinvertebrate abnormalities, 
consideration of these data was included in the comparison with previous monitoring data. 
 
As described in Section 2.2.2, the Monmouth County DOH uses the RBA protocol in local rivers 
and streams as part of the NJDEP monitoring network.  Three of these stations are located in the 
vicinity of the surveyed stream reach (Figure 2-3).  One station (MRBERG) is located 
approximately 0.60 stream miles upstream of the reach and two stations (AN0488 and AN0489) 
are located approximately 1.0 stream miles downstream of the stream reach.  RBA sampling and 
comparisons of data from the same seasons as historical sampling, provides some correction and 
minimization of annual variability (USEPA 1989).  The season of the year during which 
sampling gear is most effective is an important consideration for selecting an index period.  
Certain seasons should be avoided, including freezing conditions and high flow periods in the 
spring, which may impede the ability to sample with selected gear.  RBA sampling has 
historically occurred at the stations describe above in the Manasquan River in April, June, 
September, and October.  Because the benthic macroinvertebrates sampling for the survey reach 
occurred during October, it is acceptable to compare and evaluate the historical NJIS scores.   
 
The upstream station, (MRBERG), located on Cattail Brook at the Bergerville Road crossing 
was identified from agency reports and used to compare benthic data collected during the 
October 2004 survey.  The average NJIS score for this station from eight monitoring events 
(2001-2004) is 18, which is considered moderately impaired and directly comparable to the 
project location near Bergerville Rd. Downstream stations were somewhat lower than the project 
location, with an NJIS rating of 9 and 15 (moderately impaired) for AN0488 and AN0489, 
respectively (Table 2-8). 
 
Taxa richness for the study reach was calculated (17) and determined to be somewhat higher 
than the downstream location AN0488 (12) during a fall 1999 survey, but comparable to another 
downstream location AN0489 (18). The percent dominant taxon for the study reach was 46%, 
which is somewhat higher than the downstream station AN0489 (CDF = 33%).  While in general 
terms lower CDF percentages indicate a better distribution of the taxa, however upon reviewing 
the data from AN0489, the dominant family was Tubificidae and is considered highly tolerant 
(FTV = 10) of pollution. The dominant taxa, which made up the 45.5% in the October 2004 
study, were from the family Hydropsychidae (Trichoptera), a relatively sensitive family (FTV = 
4).  This indicates that the water quality within this section of the Manasquan River supports the 
survival of a sensitive benthic community. This is again supported by the %EPT metric (46.2%) 
from the study reach, which is considerably higher than downstream stations. Downstream 
stations indicated a much lower percentage of Ephemeroptera, Plecoptera, and Trichoptera 
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species, where the reported %EPT was 0 and 4% for AN0488 and AN0489, respectively (NJDEP 
2001). The number of EPT taxa in the October 2004 study was limited to the Trichoptera order, 
with 71 Hydropsychidae and one Phryganeidae.  
 
Family Biotic Index values for the study reach (FBI = 5.04) were lower than those calculated for 
downstream stations AN0488 (FBI = 7.95) and AN0489 (FBI = 6.92). These lower values 
indicate that the aquatic environment at the study reach is not as impaired or stressed (e.g. poorer 
water quality, loss of critical habitat, etc.) as the downstream stations.  

 
Table 2-8.  NJIS Scores for Manasquan River Stream Sampling Stations Located Upstream 

and Downstream of Project Site 
 

ID No. Station 
Name Waterway Station Location Town NJIS 

Score 

-- Study Site Manasquan River Casino Road Howell 18 

130 MRBERG Manasquan River Bergerville Rd (US*) Howell 18b 

--- AN0488 Manasquan River Strickland Rd (DS*) Howell 9a 

56 AN0489 Manasquan River Route 9 (DS*) Howell 15 a 
aSource: NJDEP 2001 
bSource: DOH  
*DS: downstream, US: upstream 

 
2.2.3.2 Additional Biological Indicators 
 
2.2.3.2.1 Terrestrial Wildlife 
 
Wildlife species utilizing the stream reach and adjacent terrestrial habitat were generally noted 
during the reconnaissance.  Raccoon tracks were observed along the left streambank on the 
gravel bar and deer scat was observed in the forested wetland riparian zone.  Avian species were 
heard but not identified.  The riparian zone along the left bank therefore provides habitat for 
typical terrestrial wildlife. 
 
2.2.3.2.2 Visual Fish Assessment 
 
The stream reach appeared passable to fish during the field reconnaissance on 12 October 2004; 
no fish barriers were observed within the stream reach and two small fish approximately 2” in 
length were observed but not identified because a scientific collection permit was not obtained 
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for this survey.  Some recent downed trees were observed at the downstream end of the reach, 
but did not act as a fish blockage.  No barriers were observed at the upstream end of the reach.  
Manasquan River flows were obtained from the USGS station (01408000) at Squankum, NJ for 
12 October 2004.  The flows at Squankum were adjusted to the site using a drainage area scaling 
factor of 0.376 (See Section 2.3.1 for more drainage area details).  The site-adjusted flow on 12 
October was 12.4 cfs, which was slightly below the median daily site-adjusted flow of 13.2 cfs, 
based on 72 years of recorded data (USGS 2004).   
 
The EA written for the project describes that the Manasquan River in the vicinity of the project 
site supports a variety of fish and that a trout fishery is located downstream of the study reach 
(USACE 2003).  The study reach area is stocked annually for recreational trout fishing.  A sea 
run brown trout program is also run by the DFW that stocks 8-inch brown trout in the 
freshwater/tidal and brackish portions of the Manasquan River; the nearest stocking point is 
located at Preventorium Road Bridge opposite Howell High School, approximately 5 miles from 
the study reach (Mid-Atlantic Fly Fishing Guide 2004).  Other common freshwater fish species 
described in the project vicinity in the EA include black crappie, bluegill, brown bullhead, 
golden shiner, silvery minnow, white sucker, yellow perch, pumpkinseed, and tessellated darter 
(USACE 2003).  In addition, anadromous and catadromous species such as alewife, American 
eel, blueback herring, white perch, and sea lamprey may be found near the project site (USACE 
2003). 
  
2.2.4 Water Quality Data 
 
Water quality data were collected in the middle portion of the study reach during the site visit 
using a YSI 6820 water quality meter.  Results of these data appeared within the normal range 
for a stream of this size that supports the fauna discussed in previous sections of this report 
(Table 2-9).  Historic water quality monitoring in the upstream stations indicates that the 
Manasquan River is a coldwater stream because water temperatures range from 48.7 in the 
spring to 58.3 oF in late summer. Downstream temperatures were similar during the September 
1999 monitoring effort, where temperatures ranged from 54.9 to 56.1 (NJDEP 2001).  
Conductivity in the stream reach (192 umhos) was similar to downstream measurements, where 
they ranged from 208 to 217 umhos.  
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Table 2-9.  Water Quality Parameters Recorded Within the Study Reach in Manasquan 
River, October 2004 

 

Temperature 
(°F) 

Specific 
Conductivity 

(umhos) 
DO (ppm) Turbidity 

(NTU) 
Salinity 
(ppm) 

55.4 192 12.4 7.8 0.12 
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3.0 Manasquan River Hydraulic Studies 
 
3.1 HEC-2 Model and Analysis 
 
The USACE modeled an 8.5-mile portion of the Manasquan River using a hydraulic (HEC-2) 
model for a flood insurance study for the Township of Howell that was published in July of 1982 
(USACE 2004).  A new HEC-2 model was run in November 2002 using an updated cross-
sectional survey data from May 1990 and October 2000 to reflect the current topography of the 
study area compared to the 1982 data.  The USACE remodeled one cross-section to investigate 
the impacts of the proposed CCS wall design on water surface elevations using frequency-
discharge data.  The October 2000 survey collected cross-sectional data at 25-ft intervals along a 
600-ft reach encompassing a bend.  The re-modeled cross-section was based on data at station 
4+00, and this station corresponded to location 33230 in the 1980 HEC-2 model.  In the 1980 
model, stations adjacent to station 33230 were located 1,620 ft upstream and 1,630 ft 
downstream.  Profiles at the cross section were computed for the 10-, 50-, 100-, and 500-year 
events and for higher discharges within these events. The hydraulic model was run for existing 
conditions and for the proposed project conditions using a new cross-section.  The profiles from 
both model runs were then compared to determine the effect of the project on the water surface 
elevations (Table 2-10). 
 
The results indicate that the excavation of the left bank would provide more channel capacity 
than will be lost by the placement of the CCS wall (USACE 2004).  Additionally, the model 
shows that for the range of frequencies, the with-project water surface elevations are lower than 
the without-project elevations (USACE 2004).  This hydraulic model indicates that stage heights 
would be reduced because the modified channel would have greater capacity than the existing 
channel (USACE 2003).  
 



Final Habitat Assessment and Recommendations for Restoration February 2005 
Manasquan River Streambank Stabilization Project 

28 

Table 2-10.  Results of a HEC-2 Model for the Manasquan River Study Reach 
 

Storm 
Event 

Flow  
(cfs) 

Water Surface 
Elevation 
Existing 

Condition (ft) 

Water Surface 
Elevation 

With Proposed 
CCS Wall (ft) 

Difference in 
Water 

Surface Elevation 
(ft) 

10-year 893 73.79 72.24 -1.55 
50-year 1,271 74.39 73.27 -1.12 

1,450 74.63 73.56 -1.07 
1,550 74.76 73.82 -0.94 
1,650 74.88 74.00 -0.88 100-year 

1,750 75.00 74.16 -0.84 
1,896 75.16 74.39 -0.77 
1,950 75.22 74.47 -0.75 500-year 
2,100 75.38 74.69 -0.69 

 
3.2 HEC-RAS Model and Analysis 
 
The USACE River Analysis System (HEC-RAS version 3.1.2) software was used to analyze the 
river hydraulics in one-dimensional steady-state flow for the Manasquan River stream reach 
assessed in this report.  The purpose of the HEC-RAS model was to generate water surface 
profiles (river depths and velocities) at specified stream cross-sections for steady, gradually-
varied flow during low flow scenarios for use in a biological assessment.  Nine cross-sections 
were modeled for the existing stream reach conditions, and one cross-section was modeled for 
the with-project scenario, the proposed CCS wall. The analysis included the scaling of USGS 
river flows to the site, the calculation of historical low flow statistics, and the execution of HEC-
RAS.   
 
3.2.1 HEC-RAS Methodology 
 
Manasquan River flows were obtained from the USGS station (01408000) at Squankum, NJ.  At 
Squankum, the Manasquan River has a drainage area of 44 mi2.  The drainage area associated 

with the site was planimetered from the USGS Adelphia quad resulting in a value of 16.54 mi2.  
Flow statistics at Squankum were adjusted to the site using a drainage area scaling factor of 
0.376.  
 
Historical USGS flows at Squankum are available from 1931.  For this analysis, the data set were 
confined to the most recent 20-year available period (October 1983 to September 2003).  A 
frequency distribution of daily USGS flows for this 20-year period is provided in Table 2-11.  
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Table 2-11 indicates that the historical mean and median flows are 69 cfs and 50 cfs, respectively 
at Squankum.  Applying drainage area scaling, the resulting median flow at the site is 18.8 cfs. 
 
For the biological assessment, a low flow 7Q10 condition was selected and is defined as the 
lowest 7-day average flow with a 10-year recurrence interval for the study site.  This flow is 
commonly used for permitting purposes.  Low 7-day flows for a range of return intervals were 
determined from the 20-year Squankum data set using a log Pearson procedure.  The results of 
this analysis are provided in the Table 2-12. 
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Table 2-11.  Frequency Distribution of Daily USGS Flows on the Manasquan River at Squankum, NJ, October 1983 - 
September 2003 

 

Flow by Month and Annually (cfs) Percentile 
(%) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

0 19 23 22 29 25 20 13 11 12 12 15 10 10 
1 22 24 27 30 27 22 14 11 13 17 17 19 15 
5 31 29 39 34 30 23 17 14 18 18 19 24 20 

10 35 36 44 37 33 25 20 17 19 20 24 29 23 
15 38 43 48 41 36 27 21 20 20 22 26 34 26 
20 42 47 51 48 40 28 22 22 22 23 29 37 29 
25 45 51 54 53 43 29 23 24 23 24 31 40 32 
30 48 54 58 58 46 31 25 26 24 25 34 42 35 
35 52 57 62 62 49 33 26 28 25 27 35 44 38 
40 56 61 66 67 51 34 27 29 26 29 37 47 42 
45 58 65 71 70 54 38 29 31 28 31 39 50 46 
50 63 68 75 75 56 40 31 34 31 33 42 52 50 
55 66 72 82 80 59 43 34 37 33 34 45 55 54 
60 69 76 88 83 64 49 38 40 35 37 50 59 58 
65 74 80 94 88 68 54 42 43 37 39 55 65 64 
70 80 83 101 94 73 58 46 48 41 43 60 71 69 
75 90 91 110 101 80 65 52 54 45 48 67 78 77 
80 103 101 124 111 88 72 59 59 54 52 72 88 86 
85 115 114 147 126 99 83 67 67 64 63 83 104 99 
90 141 136 189 152 124 102 87 85 82 77 109 136 121 
95 197 188 304 218 171 158 127 131 112 109 154 200 177 
99 520 313 796 450 686 396 266 366 377 281 280 492 397 

Mean 84 82 107 93 79 60 48 51 47 46 58 76 69 
Max 858 431 1,190 1,010 1,070 753 862 1070 911 768 562 1,030 1,190 
Obs 620 565 620 600 620 600 620 620 600 620 600 620 7,305 
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Table 2-12.  Manasquan River Flow Statistics (cfs) from a 10-year Recurrence Interval 
 

Type of Flow 
Station 

7Q2 7Q5 7Q10 Median 

Squankum 21.3 16.2 13.9 50 

Study Sitea 8.01 6.09 5.23 18.8 
aFlows at Squankum were scaled to the study site using a 0.376 scaling factor. 

 
3.2.2 HEC-RAS Model Results 
 
At the Manasquan River site, cross-sectional profiles were available at 25-ft intervals along a 
600-ft reach (cross sections 0+25 to 6+25).  The 0+25 cross-section is at the upstream and the 
6+25 cross-section is at the downstream end of the study reach (See Appendix B, Drawing 2 for 
location of cross-sections).  A total of nine cross-sections were used in HEC-RAS.  The cross-
sectional HEC-RAS model results are included in Appendix E.  Elevations were tabulated from 
the drawings for the 0+25 cross-section and at additional 100-ft intervals using cross-sections 
1+00 to 6+00.  Since cross-section 4+00 is located on a sharper bend, the 3+75 and 4+25 cross-
sections were also used to better delineate the channel geometry in the study reach.  
 
The nine cross-sections representing the reach from 0+25 to 6+00 were entered into HEC-RAS.  
A Mannings coefficient of 0.025 was used for the channel based on the historical HEC-2 runs 
performed by USACE.  Since this analysis only addresses low flow conditions, out of bank flows 
were not of concern.  The HEC-RAS model was executed for the 18.8 cfs median flow and the 
5.23 cfs 7Q10 flow.  The results of these model runs are summarized in Table 2-13.  Table 2-13 
indicates that at the 18.8-cfs median flow, average depths at the nine cross-sections ranged from 
0.46-ft to 0.67-ft deep and average channel velocities ranged from 1.10-ft/sec to 2.57-ft/sec.  At 
the 5.23-cfs 7Q10 flow, average transect depths ranged from 0.26-ft to 0.50-ft and channel 
velocities ranged from 0.82-ft/sec to 2.25-ft/sec. 
 
One cross-section was modeled for the with-project scenario (Table 2-14).  This cross-section 
was based on data at station 4+00, which corresponded to location 33230 in the 1980 HEC-2 
model and the cross-section remodeled with HEC-2 using the updated survey data in November 
2002.  The HEC-RAS model results for the 7Q10 flows indicate that the cross-sectional area at 
the 4+00 river station will increase from 3.60 to 4.40 ft2 and the maximum water depth will be 
increase from 5.28 to 10.2 inches. 
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Table  2-13.  HEC-RAS Model Results for Existing Conditions in the Manasquan River at a Historical Median and a 7Q10 
Flow 

 
Historical Median Flow 

River 
Station 

Distance 
(ft) 

Flow 
(cfs) 

Min Chan 
Elevation 

(ft) 

W.S. 
Elevation

(ft) 

Channel 
Velocity 

(ft/s) 

Flow 
Area  
(sq ft) 

Top 
Width 

(ft) 

Max 
Depth 

(ft) 

Average 
Depth 

(ft) 
0+25 575 18.8 88.5 89.94 1.63 11.52 18.04 1.44 0.64 
1+00 500 18.8 89.0 89.88 1.13 16.70 26.67 0.88 0.63 
2+00 400 18.8 89.0 89.82 1.10 17.10 29.97 0.82 0.57 
3+00 300 18.8 88.4 89.74 1.28 14.73 19.75 1.34 0.75 
3+75 225 18.8 88.7 89.54 2.57 7.33 15.78 0.84 0.46 
4+00 200 18.8 88.6 89.49 1.92 9.79 16.06 0.89 0.61 
4+25 175 18.8 88.1 89.48 1.38 13.65 18.44 1.38 0.74 
5+00 100 18.8 88.3 89.41 1.41 13.31 19.89 1.11 0.67 
6+00 0 18.8 88.2 89.29 1.53 12.29 22.59 1.09 0.54 

 
7Q10 Flow 

River 
Station 

Distance 
(ft) 

Flow 
(cfs) 

Min Chan 
Elevation 

(ft) 

W.S. 
Elevation

(ft) 

Channel 
Velocity 

(ft/s) 

Flow 
Area  
(sq ft) 

Top 
Width 

(ft) 

Max 
Depth 

(ft) 

Average 
Depth 

(ft) 
0+25 575 5.23 88.5 89.51 0.93 5.65 11.19 1.01 0.50 
1+00 500 5.23 89.0 89.46 0.82 6.37 20.65 0.46 0.31 
2+00 400 5.23 89.0 89.34 0.97 5.41 19.56 0.34 0.28 
3+00 300 5.23 88.4 89.28 0.74 7.06 13.80 0.88 0.51 
3+75 225 5.23 88.7 89.12 2.25 2.33 8.92 0.42 0.26 
4+00 200 5.23 88.6 89.04 1.45 3.60 11.25 0.44 0.32 
4+25 175 5.23 88.1 89.03 0.82 6.40 13.64 0.93 0.47 
5+00 100 5.23 88.3 88.98 0.89 5.88 14.21 0.68 0.41 
6+00 0 5.23 88.2 88.87 1.11 4.71 13.98 0.67 0.34 
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Table 2-14.  HEC-RAS Model Results for Existing Conditions and With Proposed Project 
Scenario for a Cross-Section in the Manasquan River at a Historical Median and a 7Q10 

Flow 
 

Model 
Scenario 

 
River 

Station 

 
Flow 
(cfs) 

Min 
Chan 

Elevation
(ft) 

W.S. 
Elevation

(ft) 

Channel
Velocity

(ft/s) 

Flow 
Area 
(sq ft) 

Top 
Width 

(ft) 

Max 
Depth 

(ft) 

Average
Depth 

(ft) 

4+00 5.23 88.6 89.04 1.45 3.60 11.25 0.44 0.32 Existing 
Conditions 4+00 18.8 88.6 89.49 1.92 9.79 16.06 0.89 0.61 

4+00 5.23 67.0 67.86 1.19 4.40 11.06 0.85 0.40 With Proposed 
Project 4+00 18.8 67.0 68.34 1.53 12.28 21.41 1.33 0.57 
 
3.3 Fish Passage Assessment 
 
Such a stream typically supports smaller fish species such as minnows and dace, and perhaps the 
young of larger species.  USACE (2003) listed a number of species in the project vicinity 
including golden shiner, silvery minnow, white sucker, yellow perch, bluegill, and tessellated 
darter.  It was also suggested that migratory species such as alewife and blueback herring may be 
found in the project area.  Additionally, the study reach area is stocked annually for recreational 
trout fishing (USACE 2003).  Based on distributional records (Lee et al. 1980), other small-
stream fish that could potentially occur in the project area include creek chub, fallfish, and 
blacknose dace. 
 
The physical conditions at nine transects were defined for the study reach using a historical 
median flow for the last 10 years and the 7Q10 to determine low flow conditions and the 
corresponding water surface elevations for nine cross-sections and are displayed in Table 2-13.  
The maximum water depths—the limiting factor for fish passage—varied from 0.34 to 1.01 feet 
(4-12 inches).  One transect with the 4-inch depth at low flow would be the potential limiting 
location for fish passage through the project area. 
 
There is little specific research on the minimum depths required for passage of small freshwater 
fish.  The USFWS developed Habitat Suitability models for a variety of fish species in the 1980s 
(Twomey et. al. 1984), but the depth component of these efforts was directed at the “optimum” 
that would be chosen by a fish with all depths available, rather than the minimum depth for 
swimming.  One area that minimum depths for fish passage specifically come into play is in the 
design of road culverts.  TranSafety, Inc. (1997) summarized research conducted in Virginia on 
proper design specifications.  Based on this work, a minimum depth of 3.5 inches was 
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recommended for culvert design and targeted at the passage of trout species.  This depth is less 
than the shallowest maximum depth during low flow conditions in the Manasquan project area.    
 
There is very little likelihood that an exception would be granted for the requirement for 
maintaining depths in a new watercourse “at least as deep as in the pre-construction channel….” 
[NJAC 7:13-3.6(c)(1) and (c)(2)(i).]  Such an exception may only be granted if “the pre-
construction channel does not allow for the upstream passage of fish during low-flow 
conditions.”  The Manasquan River in the project area is a small stream, with wetted widths 
under median flows varying from 15 to 30 feet, and 9 to 21 feet under 7Q10 low-flow conditions 
(Table 2-13).   
 
Based on the above paragraphs, it is highly unlikely that the 7Q10 flow condition would inhibit 
passage of fish up- or downstream in the Manasquan River project area.  Additionally, during the 
visual fish passage assessment, no fish barriers were observed within the stream reach or 
upstream or downstream of the reach and two small fish approximately 2” in length were 
observed within the study area.  
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4.0 Evaluation of Restoration Design Plans 
 
4.1 Description of Proposed Streambank Stabilization 
 
The proposed streambank stabilization includes design plans for a 200 ft CCS retaining wall. A 
CCS wall is a three-dimensional honeycomb structure made of polyethylene cells that is 
proposed along the right streambank (USACE 2003).  The CCS wall acts as a hard structure and 
may be filled with either stone or concrete below the water level and may be filled with stone or 
topsoil above the water level and then planted for aesthetic purposes.  The cross-section details 
of the CCS wall structures is included in design Drawing 3 in Appendix B, and the planview 
details are included in design Drawing 2 in Appendix B.  The planview details and materials 
described in Drawing 2 have the potential to change prior to final project design.  As described in 
the EA, the cells in the lower portions of the CCS wall would be filled with concrete to protect 
the lower banks and the cells on the upper portions of the bank would be filled with soil and 
vegetated (USACE 2003).  
 
In addition to constructing a CCS retaining wall to control erosion along the right streambank, 
the centerline of the stream would be moved approximately 10 feet to the north and away from 
the existing right bank to provide a stable foundation and slope for the wall (USACE 2003).  The 
channel will be shifted north toward the inside of a meander bend, into a gravel point bar and 
forested wetlands along the streambank.  The design drawings show that the existing bottom 
elevation of the channel will be returned to pre-construction elevations.  The left bank will be 
excavated to maintain streamflow – a coir fabric biolog will be planted with willows at the bank 
toe and will be seeded and mulched on the excavated bank.  As part of the proposed stream 
restoration, the stream channel will be shifted approximately 10 feet.   
 
Construction of the CCS wall includes the temporary excavation of approximately 3.5 ft below 
the existing bottom elevation of the stream channel to anchor the wall into the stream bottom 
with an articulating concrete block scour apron that is the leveling layer and a maximum of 6 
inches thick.  A drainage system is also proposed behind the CCS wall to provide adequate 
drainage along the right streambank.  The project life span for the CCS wall is expected to be 
greater than 50 years and cost approximately $450,000 (USACE 2003). 
 
4.2 Future Requirements for Restoration Design Plan  
 
An evaluation of the channel design prepared by the USACE is required as part of this study to 
determine the extent to which the modified channel duplicates the pre-construction character of 
the channel.  The streambank stabilization restoration plans are currently at 30% design and do 
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not yet show the level of detail to determine compliance with NJAC 7:13-2.9c and 7:13-3.6c and 
f.  Therefore, this section of the report discusses details that the 100% design plans should 
include for compliance with NJAC 7:13-2.9c and 7:13-3.6c and f.  Requirements for the 
restoration design plans are divided into the following four categories for discussion: 1) 
scheduling, construction, and logistical details, 2) in-stream and channel details, 3) riparian and 
adjacent vegetation details, and 4) biological requisites.  The requirements described below do 
not include an evaluation of construction/engineering feasibility or costs associated with the 
recommendations. 
 
4.2.1 Scheduling, Construction, and Logistical Details 
 
• A detailed construction schedule will be required for the 100% design plans for the 

contractor.  The schedule should detail the time of year and extent of time that each task 
should require for completion.  The sequence of construction events by “station” should be 
described in full detail for contractor.  The time of year construction schedule should be 
sensitive to when fish spawning or other important aquatic activities typically occur.  From 
NJAC 7:7A, all in-stream work will be avoided from March 15 to June 15 to minimize 
impacts to the growth and propagation of fish, other aquatic life, and wildlife in the stream 
during this period in “trout-stocked waters; trout maintenance waters; and an area within one 
mile upstream of a trout-stocked or a trout maintenance water” (NJDARM 2004).  

 
• The minimum size of equipment possible to complete the work will be used and all 

equipment should be specified for in-stream, riparian, and adjacent habitat work. 
   
• The equipment access route and temporary staging area will reduce impacts to the public and 

will be located along the right streambank, within the “limit of contractor work,” and outside 
of the forested wetland located immediately adjacent to the left streambank. These locations 
will be specified on the design plan.   

 
• The location of all utilities (including electrical, sewer, stormwater) and roadways should be 

included in the design drawings to insure they are not disturbed during construction. 
 
• Design specifications of the cell structures in the CCS wall should be included in final design 

plans along with a detailed construction sequence of the wall. 
 
• The details of the flow diversion structures and locations should be included for the 

contractor.  All in-stream work will take place in the “dry” and a temporary conduit will 
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divert flow from the stream. 
 
• Details of the drainage structure behind the CCS wall will be included in the cross-section 

drawings, including type and size of materials used. 
 
4.2.2 In-Stream and Channel Details 
 
• The 30% cross-section design drawings show that the bottom elevation will be excavated for 

placement of the toe and backfilled to the existing bottom elevation.  If, during this process, 
the excavated material must be placed, it will be stockpiled in an appropriate location, 
consistent with the Erosion and Soil (E&S) plan.  If possible, the excavated material will be 
reused in the construction of the new channel. 

 
• Behind the CCS wall, where compacted backfill is proposed, the amount and type/size of the 

material will be specified by cubic yards and will be similar to existing conditions.  
  
• Additional cross-sections showing the proposed CCS wall should be included if conditions 

change within the 200 feet proposed for the wall.  Additionally, the location and profile for 
the new thalweg will be provided in all cross-sectional design drawings. 

 
• The 30% cross-section design drawings show what appears to be a loss of approximately 

50% of the wetted channel from a deeper-water habitat to a shallower-water habitat due to 
grading into the existing left bank.  This loss of deeper water habitat would pose an impact to 
aquatic biota and should be mitigated for in the design.  All existing pools as described in 
Section 2.2.1.1 should, therefore, be included in the new design drawings and developed 
during the in-stream construction of the new channel.  The total volume of pools that should 
be included in the final channel is approximately 3,000 ft3.  

 
• The type of substrate that will be used for the new wetted channel should be described and 

similar to existing conditions as described in Section 2.2.1.2, which characterized dominant 
existing substrates as coarse sand. 

 
• The pool/nonpool features and depths of the existing channel, which have been described in 

Section 2.2.1.1, should be constructed in similar ratios as part of the new channel.  
Approximately 30 percent of the study reach was comprised of pools and 70 percent of the 
reach was comprised of non-pools (riffles, runs, and glides).  The total volume of riffles that 
should be included in the final design is approximately 5 ft3, the total volume of runs/glides 
that should be included in the final design is approximately 4,500 ft3, and the total volume of 
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pools that should be included in the final design is approximately 3,000 ft3, as described 
above. 

 
• The existing stream reach is located along a meander bend with an average radius of 

curvature of the bend of 120 ft.  Additionally, the riverbed elevation dropped 1 ft over the 
480 ft survey reach, resulting in an average gradient of 0.0022 ft/ft.  The radius of curvature 
of the meander and the average stream gradient should be designed in the new drawings as 
similar to existing conditions of 120 ft and 0.0022 ft/ft, respectively. 

 
4.2.3 Riparian and Adjacent Vegetation Details 
 
• A CCS wall is proposed along the right streambank within the channel where actively 

incising banks are sloughing off into the stream.  Behind the CCS wall, compacted backfill is 
proposed as part of the stabilization.  Based on the 30% design drawings, the CCS wall is 
designed at approximately 50% of the height of the 26-foot tall incising banks.  The right 
bank above the CCS may continue to slough off until it stabilizes, and may result in the loss 
of the existing mature riparian buffer.  If this occurs, less shade and habitat will be available 
adjacent to the channel and the new CCS wall may become destabilized.  The mature trees 
along the right streambank will be stabilized prior to initial construction activities to 
minimize these losses. 

 
• The existing stream channel was observed to be 90% shaded during a site visit in October 

2004 when leaf drop had already started for the season.  If the channel is shifted 
approximately 10 feet to the north, the existing, mature riparian buffer on the right bank may 
shade the new channel less.  Approximately 10 average size trees (approximately 40 feet tall 
with a 6” DBH) could potentially be removed on the left streambank associated with shifting 
the channel, which will reduce the amount of existing shade on the stream.  Shade is 
important to maintain a low stream temperature for fish and macroinvertebrates.  If trees 
require removal during construction activities, the loss of shading will be mitigated by 
preserving and transplanting as many mature and average-size trees as possible during the 
construction.  If this is not possible, new native trees (American beech, silver and red maples, 
green ash, etc.) large enough to provide the same percentage of canopy coverage 
(approximately 90%) should be replanted along the newly constructed streambanks.  

 
• If trees require removal, a planting plan and schedule for the left bank that is proposed to be 

excavated and shifted 10 feet to the north should be completed and include native species and 
requirements.  As discussed above and if possible, existing trees should be transplanted to 
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save money and resources.  The 30% design drawings specify a coir fabric biolog with 
willow plantings at the bank toe.  No willow species were observed at the site during the field 
reconnaissance.  Additionally, willow species require more sunlight than may be available on 
the left bank.  Existing native species that were observed at the site during the field 
reconnaissance are recommended and include the understory species spicebush and 
arrowwood viburnum, and the canopy species red maple, silver maple, and American beech.  
For proposed plantings, a list of species, the percent by volume, and total number of stakes 
should be specified. 

 
• At the excavated bank and on the top layer of the CCS wall, seeding and mulching are 

described in the 30% design drawings.  If this is a temporary stabilization technique for the 
bank, it should be noted and no non-native or invasive seeds should be used for either 
temporary or permanent stabilization measures.  Optimally, the excavated bank should be 
planted with the same species described above that will provide similar amounts of shade that 
the existing species provide.  The top layer of the CCS wall should be planted with shallow-
rooted species to maintain the integrity of the CCS wall, potentially native, non-invasive vine 
species (discussed in more detail below).  Behind the CCS wall, this area should be planted 
with the same species described above that will provide similar amounts of shade that the 
existing species provide and will best take up water to ensure the integrity of the drainage 
constructed behind the CCS wall. 

 
• If the CCS wall will be planted, it is recommended that the following native, non-invasive 

vine species be planted that are tolerant of light shade: 
 

1. Coral honeysuckle (Lonicera sempervirens), 
2. American bittersweet (Celastrus scandens) – tolerant of poor soil 
3. Trumpet vine  (Campsis radicans) – tolerant of poor soil 
4. Virginia creeper (Parthenocissus quinquefolia) 
5. Crossvine (Bignonia capreolata) 

 
• It is recommended that concurrent with the left bank excavation and plantings, the 

herbaceous understory species Japanese stiltgrass be removed.  This is a non-native and 
invasive species that is a threat to habitat quality and is extremely difficult to control 
(NJDFW 2004).  However, the extent of Japanese stiltgrass may go beyond the “contractor 
limit of disturbance,” and complete removal of this species may not be an option at this time. 
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• A forested wetland is located along the left bank of the stream, where the channel will be 
shifted approximately 10 feet to the north.  If wetland mitigation will be located on-site, or in 
the project vicinity, the location should be included in the design plans.  A wetland planting 
and monitoring plan may be required and could be created during the construction phase of 
the project.  Additionally, the design plans should describe the existing wetlands, the acreage 
that will be removed, and detail wetland type.   

 
• Details that describe the method of existing vegetation removal should be included in the 

design plans.  As discussed earlier, if existing trees can be preserved or transplanted this 
should be described.  The disposal of any vegetation, including Japanese stiltgrass should be 
specified.  Each tree that will be removed should be described by species and average size so 
comparable trees can be planted following construction. 

 
• In the 30% design drawings, plantings are proposed for the outer right bank CCS cells.  The 

species that will be planted should be specified and how the vegetation will be stabilized 
when first planted before establishment techniques should be described. 

 
4.2.4 Biological Requisites and Details 
 
The in-stream habitat characteristics are among the most important variables affecting the 
benthic and fish community composition.  The significant in-stream habitat features observed 
during the stream assessment included SAV, LWD, and other features such as large cobble, 
boulders, undercut banks, and leaf pack.  The following bullets describe the in-stream features 
that should be included in the final design drawings.  
 
• SAV and leaf pack were observed within the study reach.  Three small patches (1ft2) of 

common waterweed and one small patch (1ft2) of wild celery were observed and made up 
less than 1 % of the stream reach (4ft2 total).  Additionally, small groupings of leaf pack 
habitat were observed within the study reach and also and made up less than 1 % of the 
stream reach.  This habitat will most likely return naturally at the completion of the 
construction activities. 

 
• Within the study reach, approximately 78 ft2 of LWD was observed in the form of submerged 

stumps in the pools and submerged logs along the streambanks and made up approximately 
1% of the stream reach.  When possible, the tree stumps located in the existing channel will 
be reused in the final design for habitat in the new channel.  Areas of similar size of LWD 
should be included in the final design drawing to ensure no net loss of habitat.  LWD can be 
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combined in the restoration designs to: 1.) protect the streambank from erosion through 
deflections, 2.) provide in-stream habitat and overhead cover for fish, 3.) provide shade, 
detritus, terrestrial insect habitat, and 4.) provide diversity of habitats (Rosgen 1996). 

 
• Features such as large cobble, and boulders provide additional in-stream habitat for aquatic 

fauna.  Two groups of boulders (approximately 3-5 rocks) and a group of large cobble 
(approximately 3-5 rocks) were located within the study reach.  Similar groupings of 
boulders should be included in the final design drawings to provide instream cover and create 
scour pools for fish and aquatic habitat (Rosgen 1996). 

 
• The HEC-2 model results indicate that the excavation of the left bank would provide more 

channel capacity than will be lost by the placement of the CCS wall (USACE 2004).  
Additionally, the model shows that for the range of frequencies, the with-project water 
surface elevations are lower than the without-project elevations (USACE 2004).  This 
hydraulic model indicates that flood stage heights would be reduced because the modified 
channel would have greater capacity than the existing channel (USACE 2003).   

 
• Based on a HEC-RAS model and the resulting water surface elevation levels for nine cross 

sections within the stream reach during low flow conditions, fish can pass through the study 
reach.  Also, no visual fish blockages were observed within the study reach or upstream or 
downstream of the project area.  These data verify that the pre-construction channel allows 
for the upstream passage of fish during low-flow conditions.  Therefore, the proposed project 
design plans should allow for fish passage through the relocated channel based on provisions 
in NJAC 7:13-3.6(c)(1) and (c)(2)(i), which states that water depths in a new watercourse 
must be maintained “at least as deep as in the pre-construction channel [and an exception 
may only be granted if] the pre-construction channel does not allow for the upstream passage 
of fish during low-flow conditions.”  Because the pre-construction channel allows for the 
upstream passage of fish during low-flow conditions, the relocated channel must also allow 
for the upstream passage of fish during low-flow conditions.  The new channel should be 
designed so that minimum water depths within the study reach are not less than the 
maximum water depths as determined based on the 7Q10 flows described in Table 2-13.   
The HEC-RAS model results for the 7Q10 flows indicate that the cross-sectional area at the 
4+00 river station will be increased from 3.60 to 4.40 ft2 and the maximum water depth will 
be increased from 5.28 to 10.2 inches.  This increase in flow area and maximum water depth 
under low flow conditions may have a positive impact on the aquatic community, including 
the fish species.  Also, the model indicates that the with-project scenario at the 4+00 river 
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station increases the average water surface elevation level from 3.84 to 4.8 inches, which 
would still be considered passable to fish.   
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5.0 Conclusions and Recommendations 
 
5.1 Conclusions 
 
This study was conducted in response to the DFW statement detailed in Section 1.0 and to 
characterize the current conditions in the stream channel with respect to the cited sections of the 
NJAC and to assess if the proposed design replaces the existing stream habitat adequately, as 
specified in the regulations.  The habitat features defined for the channel to document the 
existing conditions include bottom substrate type, percentage of pools/riffles/runs/glides, stream 
width, depth and gradient, radius of curvature, and any in-stream habitat enhancement devices 
observed in the watercourse, including LWD and boulders/cobble.  These features should be 
replaced in similar ratios in the final design plans as specified by DFW for compliance with the 
NJAC. 
 
Hydraulic models were included as part of this study to characterize water surface elevations and 
stage heights during flooding and low flow conditions for both the existing stream and the 
proposed project.  For the range of frequencies, the HEC-2 model shows that the with-project 
water surface elevations are lower than the without-project elevations.  Stage heights would also 
be reduced since the modified channel would have greater capacity than the existing channel 
(USACE 2003).  This reduction in stage height was analyzed in HEC-2 for flood scenarios only.  
The HEC-RAS model results for the 7Q10 flows indicate that both the cross-sectional area and 
the maximum water depth will be increased for the proposed design.  The increase in flow area 
and maximum water depth demonstrate no net loss in overall aquatic habitat (excluding other 
aquatic features) and this increase could potentially have a positive impact on the aquatic 
community, including the fish species.   
  
Because the streambank stabilization restoration plans are at 30% design and do not yet show the 
level of detail to determine compliance with NJAC 7:13-2.9c and 7:13-3.6c and f, the previous 
section discussed details that the 100% design plans should include for compliance with NJAC.  
These requirements for the restoration design plans were divided into four categories for 
discussion: 1) scheduling, construction, and logistical details, 2) in-stream and channel details, 3) 
riparian and adjacent vegetation details, and 4) biological requisites.  A table that summarizes the 
evaluation of the restoration plan is included below (Table 5-1). 
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5.2 Recommendations 
 
It is recommended that the details discussed in Section 4.0 and Table 5-1 are included in the 
100% design drawings for compliance with NJAC 7:13-2.9c and 7:13-3.6c and f. 
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Table 5-1.  Matrix of Recommendations for 100% Design Provisions for Manasquan River Streambank Stabilization Project 
 

Future 
Requirements Project Provisions for Habitat Restoration 

Scheduling, 
Construction and 
Logistical Details 

• From NJAC 7:7A, all in-stream work will be avoided from March 15 to June 15 to minimize impacts to aquatic biota. 
• The access route and temporary staging area will reduce impacts to both the environment and public, and will be located 

along the right streambank within the “limit of contractor disturbance,” and outside of the forested wetland. 
• Flow diversion structures and in-stream work will be completed in the “dry” and detailed in the plans – a temporary 

conduit will divert flow from stream. 
• Design specifications of drainage structure proposed behind CCS wall will be included. 
• Include design specifications of the cell structures in the CCS wall and a detailed sequence of construction for the wall. 

In-Stream and 
Channel Details 

• Location and amount of excavated material placement will be specified.  Material will be stockpiled in an appropriate 
location consistent with the E&S plan; and if possible, reused. 

• Amount and type/size of the compacted backfill material and substrate of the new channel will be specified to be similar 
to existing conditions.  

• Additional cross-sections showing the proposed CCS wall and profile of the new thalweg will be provided. 
• The pool/nonpool features and depths of the existing channel will be constructed in similar ratios as part of the new 

channel - approximately 30 percent pools and 70 percent non-pools (riffles, runs, and glides).   
• Existing in-stream features will be detailed in the new design drawings and developed during the in-stream construction, 

including 3,000 ft3 of pools, 5 ft3 of riffles, and 4,500 ft3 of runs/glides. 
• The radius of curvature and average stream gradient will be similar to the existing conditions of 120 ft and 0.0022 ft/ft. 

Riparian and 
Adjacent 
Vegetation 

• Existing mature trees along the right streambank will be stabilized prior to initial construction activities.  
• If trees require removal during construction, loss of shading will be mitigated by preserving and transplanting trees, 

when possible during construction.  If not feasible, new native trees large enough to provide the same percentage of 
canopy coverage (approximately 90%) should be replanted along streambanks. 

• For all new plantings, native species that currently exist at the site should be included in the plans and seed mixes and a 
list of species, the percent by volume, and total number of stakes should be specified. 

• Removal of the non-native and invasive species Japanese stiltgrass during excavation activities along left bank to 
increase habitat quality is recommended. 

• Method of vegetation removal should be detailed and existing trees should be preserved or transplanted when possible. 
• It is recommended to plant native species on the CCS wall.  If vines are preferred, see list of recommended species in 

Section 4.2.3. 

Biological 
Requisites 

• 1% of the new in-stream design should include large woody debris (LWD) – tree stumps in existing channel will be 
reused in final design for habitat 

• Two groups of boulders (approximately 3-5 rocks) and a group of large cobble (approximately 3-5 rocks) should be 
included in the final design drawings. 

• Final design plans will provide for fish passage during low flow conditions. 
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