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EXECUTIVE SUMMARY (UPDATED)

This updated Executive Summary reflects the current discount rate (FY 2003) of 57/s% and the
price level as of October 2002. The original Executive Summary remains in this document for
the purpose of providing consistency with the main report, the writing of which was completed
prior to FY 2003. The change in the discount rate and price Jevel did not affect the plan
formulation and selection of the recommended plan.

This report presents the results of an investigation to determine the feasibility of hurricane and
storm damage reduction (HSDR) and ecosystem restoration along the South River in Middlesex
County, New Jersey. The South River, Raritan River Basin Multipurpose Feasibility Study has
been conducted by U.S. Army Corps of Engineers (Corps) with the non-Federal project partner,
the New Jersey Department of Environmental Protection (NJDEP).

The study area initjally included the entire South River basin. The South River is the first major
tributary of the Raritan River, located approximately 8.3 miles upstream of the Raritan River’s
mouth at Raritan Bay. The South River is formed by the confluence of the Matchaponix and
Manalapan Brooks, just above Duhernal Lake, and flows northward from Duhemal Lake a
distance of approximately 7 miles, at which point it splits into two branches, the Old South River
and the Washington Canal. Both branches flow northward into the Raritan River. The South
River is tidally controlled from its mouth upstreamn to Duhernal Lake Dam; fluvial conditions
prevail above the dam. Based on coordination with NJDEP, County and local governments, it
was determined that there are no widespread flooding problems in the South River watershed
upstream of the Duhemnal Lake dam. Consequently, the study area was modified, focusing on
river reaches below the dam, specifically flood-prone areas within the Boroughs of South River
and Sayreville, the Township of Old Bridge, and the Historic Village of Old Bridge (located
within the Township of East Brunswick). The downstream river reaches encompass virtually all
the flood-prone structures in the watershed and the areas of greatest ecological degradation (and
greatest potential for ecosystem restoration).

Periodic humricanes and storms have caused severe flooding along the South River. Flood
damages downstream of Duhernal Lake are primarily due to storm surges with additional
damages associated with basin runoff. The communities repeatedly affected by storm surges are
the Boroughs of South River and Sayreville, the Township of Old Bridge, and the Historic
Village of Old Bridge in Fast Brunswick Township. There are approximately 1,247 structures
(1,082 residential; 165 commercial) in the 100-year floodplains of these communities and 1,597
structures in the 500-year floodplains (1,399 residential; 198 commercial). Storm surges create
the greatest damages in the study area occurring during hurricanes and northeasters that generate
sustained onshore winds through multiple tidal cycles. For example, the northeaster of March
1993 (a 25-year event) resulted in approximately $17 million damage (2001 dollars) and closed
the highway bridge connecting the Boroughs of South River and Sayreville.

The area under consideration for ecosystem restoration encompasses 1,278 acres along the Old
South River and the Washington Canal and includes the 380-acre Clancy Island bounded by
these waterways and by the Raritan River. Wetland plant communities account for 786 acres (61
percent) of the study area land cover. Uplands account for the remaining 492 acres, of which
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234 acres are occupied by residential, commercial, and industrial development. These wetlands
and uplands are ecologically degraded. Approximately 527 acres (41 percent of the study area)
are dominated by monotypic stands of common reed (Phragmites australis). Other wetland
communities are scattered around the site in a patchwork of fragmented parcels. The uplands are
dominated by low quality scrub-shrub land cover. The current degraded ecological conditions
appear to be the result of: (1) construction and maintenance dredging associated with the Federal
navigation channels in the South River, Washington Canal, and Raritan River and (2) clay
excavation and industrial activity associated with the defunct Sayreville brick industry.

HSDR plan formulation considered a full range of structural and nonstructural measures,
Alternative plans that survived the initial screening of alternatives included: (1) a storm surge
barrier at the confluences of the South River and Washington Canal with the Raritan River, (2)
multiple levee and floodwall configurations, and (3) buy-out of flood-prone properties. Further
investigation determined that the storm surge barrier alternative at the confluence of the
Washington Canal and the Raritan River was not economically feasible and that there would be
significant adverse environmental effects on study area wetlands. It was also determined that
acquisition of structures in the floodplains was not economically feasible. In contrast,
preliminary analysis indicated that levee and floodwall protection of flood-prone properties in
the study area was found to be economically and technically feasible.

More detailed analysis indicated that levees and floodwalls along the eastern and western banks
of the lower South River would be economically justified and would have minimal effects on
study area wetlands. It was also determined that structural protection of upstream reaches would
not be economically justified. A storm surge barrier (different location than previously
described), located just downstream (north) of the Veterans Memorial Bridge, was subsequently
evaluated in combination with levees/floodwalls in the lower reaches. The barrier was found to
be an economically feasible means to protect upstream reaches. In addition, it would: (1)
minimize environmental impacts on wetlands, (2) avoid potential HTRW sites upstream, and (3)
preclude the need for nonstructural protection in upstream communities by providing
comprehensive storm surge protection.

Economic analysis of alternative HSDR plans indicated that the levee/floodwall system with
upstream storm surge barrier would result in the greatest net benefits. Subsequent optimization
of this plan determined that a 500-year level of protection would provide the greatest net
benefits. Consequently, the levee/floodwall system with upstream storm surge barrier providing
a 500-year level of protection was designated as the National Economic Development (NED)
plan and was selected as the recommended plan. It is anticipated that implementation of the
selected HSDR plan will cost approximately $55.2 million with average annual costs estimated
at $4.1 million. With average annual benefits estimated at $9.1 million, the average annual net
benefits associated with the selected HSDR plan will be approximately $5.0 million. The
selected HSDR plan is expected to have a benefit-cost ratio of 2.2 to one.

Even though the selected HSDR plan was specifically designed to avoid and minimize
environmental impacts, there were some unavoidable impacts to the natural resources in the
South River. Based on a Habitat Evaluation Procedures (HEP) study and an Evaluation of
Planned Wetlands (EPW) assessment, the selected NED plan will result in a loss of 1.07 Average
Annual Habitat Units (AAHUS) and 20.74 Functional Capacity Units (FCUs). Consequently, to
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offset these impacts it was determined that the mitigation goal will replace at least 100% of the
combined loss of Average Annual Habitat Units (AAHUs) summed across evaluation species
and FCUs summed across wetland functions, and at least 50% (agreed upon by HEP Team) of
the loss of AAHUs per evaluation species and FCUs lost per function, as a result of
implementation of the selected HSDR plan.

To achieve the mitigation goal, a screening analysis was conducted to evaluate the feasibility of
improving the available habitat on the proposed levee (e.g., plant shrubs to improve songbird
habitat); improving the existing habitats (e.g., increase the density/cover of the vegetation by
planting more shrubs and/or herbaceous species); and, converting one habitat/cover type to
another more valuable habitat (e.g., convert areas of Phragmites to salt marsh or wetland scrub-
shrub).

Based on an analysis of the acreages, costs, benefits, and incremental cost/output for each of
these plans it was determined that Mitigation Alternative 2 had ecological outputs that were
worth its associated costs. The selected mitigation plan will fulfill the mitigation goal and will
involve the conversion of 11.1 acres of degraded wetland Phragmites and disturbed habitat to a
combination of wetland scrub-shrub (7.8 acres) and salt marsh (3.3 acres). This plan is estimated
to cost $2,865,300 and is included in the HSDR cost provided above.

Plan formulation for ecosystem restoration considered a wide variety of restoration measures to
address opportunities associated with ecosystem restoration along the South River. Restoration
goals and objectives were specified early in the plan formulation process. Restoring biodiversity
and ecological functioming were established as the restoration goals; the restoration objectives
included: restoring habitat for threatened and endangered species, increasing site biodiversity,
increasing tidal flushing, reducing Phragmites, improving water quality, and stabilizing and
protecting desirable wetland habitat. After a preliminary restoration screening process that the
assessed ecological benefits and engineering constraints of eleven different altematives, four
priority habitats were chosen for ecological restoration of the study area: low emergent marsh,
intertidal mudflat, wetland forest scrub-shrub, and open water (i.e., tidal creeks and tidal ponds).
Using different proportions of each habitat, more than 250 potential mathematical combinations
of these habitats were evaluated.

These combinations were then applied to four potential restoration areas delineated in the study
area using four different scales of restoration for degraded acreage in each area: 25 percent, 50
percent, 75 percent, and 100 percent. Cost effectiveness and incremental cost analysis was
applied to the resultant 40,000 potential restoration plans, resulting in identification of eight
“best buy” restoration plans for the study area. These plans represent the most efficient means to
achieve ecosystem restoration in the study area. Based upon the incremental analysis and the
ability of the alternative plans to achieve the restoration planning goals and objectives, one of the
Best Buy plans was selected as the National Ecosystem Restoration (NER) plan.

The NER plan will restore 100 percent of the 379 acres of degraded wetlands in the potential
restoration areas. The NER plan will restore the following habitats: low emergent marsh (151
acres: 40 percent), wetland forest/scrub-shrub (170 acres: 45 percent; plus an additional 19 acres,
or 5 percent, as upland forest/scrub-shrub), mudflat (19 acres: 5 percent), and open water (19
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acres: 5 percent). It is expected that implementation of the NER plan will cost approximately
$48.1 million with an average annual cost of approximately $3.5 million.

The costs of project implementation for the HSDR features and ecosystem restoration features
will be shared by the Federal government and the non-Federal project partner (NJDEP) on a 65
percent / 35 percent basis. All operations and maintenance costs will be borne by the non-
Federal project partner. For the HSDR features, the project implementation costs (855,171,900)
will be shared as follows: $35,861,700 Federal and $19,310,200 non-Federal with annual O&M
costs of $221,000 (non-Federal). This includes mitigation costs associated with the
implementation of these features ($2,959,700 total with $1,923,800 Federal and $1,035,900 non-
Federal). For the ecosystem restoration features, the project implementation costs ($48,096,300)
will be shared as follows: $31,262,600 Federal and $16,833,700 non-Federal with O&M costs of
$79,800 (non-Federal).

Potential beneficial cumulative impacts to migratory waterfow! and songbirds are likely to result
from implementation of the selected mitigation and ecosystem restoration plans. These plans, in
conjunction with similar projects in the South River watershed, should increase the overall
ecological value of the area. Specifically, the mitigation and restoration plans will add large
areas of more desirable wetland communities and increase the study area’s biodiversity (i.e.,
improve the areas composition and abundance of plant and animal species).

The construction and maintenance of both the HSDR features and the ecosystem restoration
features will not adversely affect any Federally or state listed endangered or threatened species,
areas of designated critical habitat, or essential fish habitat. By providing increased cover and
opportunities for foraging and npesting, the selected plans will also improve habitat for the
Federally listed threatened bald eagle thought to utilize habitats in the general vicinity, and for
many of the State of New Jersey endangered and threatened species observed in the restoration
area (e.g., black skimmer, northern harrier, peregrine falcon, yellow-crowned night heron,
osprey, black-crowned night heron, and American bittern).

In sum, the recommended plan will efficiently reduce hurricane and storm damages along the
South River and improve the structure and function of degraded ecosystems in the study area.
The non-Federal project partner, NJDEP, has indicated its support for the recommended plan and
is willing to enter into a Project Cooperation Agreement with the Federal Government for the
implementation of the plan. At this time, there are no known major areas of controversy or
unresolved issues regarding the study and selected plan among agencies or the public interest.
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PERTINENT DATA
DESCRIPTION

The identified plan provides for hurricane and storm damage reduction and ecosystem restoration

along the South River, Raritan River Basin.
LOCATION

Middlesex County, New Jersey: Borough of Sayreville, Borough of South River, the Township
of Old Bridge, and the Historic Village of Old Bridge (located within the Township of East

Brunswick.

HURRICANE AND STORM DAMAGE REDUCTION

Level of Protection (storm with probability of exceedance)

0.002 (500-year event)

Levee/ Floodwall
Levee Length 10,712 feet
Floodwall Length 1,655 feet
Top Elevation 21.5 feet NGVD
Levee Crest Width 10 feet
Levee Slopes 2.3:1
Fill Volume 304,400 cubic yards
River Segment
Storm Surge Barrier Length 320 feet
Clear Opening 80 feet
Top Elevation 21.5 feet NGVD
Interior Drainage
East Segment
Facility Minimum Facilities with 100 cubic feet per second

(cfs) diversion structure in upper drainage area

Gravity Outlets (number and size)

930-foot, 60-inch diameter diversion pipe;

West Segment
Facility

Main Channel
Pump Station Capacity
Gravity Outlets (number and size)

5@36” diameter (dia.)
3@60” dia.
1@!8"dia.

Minimum Facilities
2@24” dia.

9@60” dia.
1,200cfs

5@10'x10” box culverts
4@60” dia.

Integrated Feasibility Report & Environmental Impact Statement
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REAL ESTATE REQUIREMENTS

Lands and Damages: Hurricane and Storm Damage Reduction Features

Permanent Easement
Temporary Easement (for construction)
Severance Damages

Fee Simple Purchase (for mitigation)

Subtotal

Lands and Damages: Ecosystemn Restoration Features
Fee Simple Purchase

Total 536.65 acres

25.30 acres
9.70 acres
55.00 acres
11.10 acres
101.10 acres

435.55 acres

ECOSYSTEM RESTORATION
Area Restored 379.3 acres
Habitat Restored/Created
Wetland forest/scrub-shrub 170.7 acres (45 percent)
Low emergent marsh 151.7 acres (40 percent)
Mudflat . 19.0 acres (5 percent)
Open water 19.0 acres (5 percent)
Upland forest/scrub-shrub 15.1 acres (5 percent)
HURRICANE AND STORM DAMAGE REDUCTION MITIGATION
Conversions:
Wetland Phragmites to: 3.3 acres Salt Marsh; 1.7 acres Wetland Scrub-Shrub
Upland Disturbed to: 6.1 acres Wetland Scrub-Shrub
Total: 11.1 acres
ECONOMICS

Hurricane and Storm Damage Reduction

Initial Project Cost (October 2002 price level)

Mitigation Cost (included in Initial HSDR Project Cost)

Annual Initial Cost (discounted at 5.875 % over a 50-year period)
Annual Interest During Construction (IDC) Costs

Annual Operations and Maintenance (O&M) Costs

Total Annual Cost (discounted at 5.875 % over a 50-year period)
Average Annual Benefits (discounted at 5.875 % over a 50-year period)
Average Annual Net Benefits

Benefit-to-Cost Ratio

$55,861,700
$2,959,700
$3,439,400
$478,200
$221,000
$4.138,600
$9,161,400
$5,022,800
22
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Ecosystem Restoration
Initial Project Cost $48,096,300
Annual Initial Cost (Discounted at 5.875 % over a 50-year period) $2,998,300
Annual IDC Costs $407,500
Annual O&M Costs $79,800
Total Annual Cost {discounted at 5.875 % over a 50-year period) $3,485,600
Total Project
Initial Project Cost $103,268,200
Annual Initial Cost (Discounted at 5.875 % over a 50-year period) $6,437,700
Annual IDC Cost $885,700
Annual O&M Costs $300,800
Total Annual Cost (Discounted at 5.875 % over a 50-year period) $7,624,200
COST APPORTIONMENT

Federal Non-Federal
Share Share Total
(65%) (35%)

HSDR Features Initial Project Costs $35,861,700 $19,310,200  $55,171,900

Real Estate Costs* $3,413,800

Cash Contribution $35,861,700 $15,353,600

0&M Costs $221,000 $221,000
Ecosystem
Restoration Initial Project Costs $31,262,600 $16,833,700  $48,096,300
Features

Real Estate Costs* $6,008,800

Cash Contribution $31,262,600 $10,824,900

O&M Costs $79,800 $79,800
Total Project Initial Project Costs $67,124,300  $36,143,900 $103,268,200

i Real Estate Costs* $9.422.600
Cash Contribution $67,124,300  $26,721,300
O&M Costs $300,800 $300,800

* Applicable to required non-Federal cash contribution.
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EXECUTIVE SUMMARY

This report presents the results of an investigation to determine the feasibility of hurricane and
storm damage reduction (HSDR) and ecosystem restoration along the South River in Middlesex
County, New Jersey. The South River, Raritan River Basin Multipurpose Feasibility Study bas
been conducted by U.S. Army Corps of Engineers (Corps) with the non-Federal project partner,
the New Jersey Department of Environmental Protection (NJDEP).

The study area initially included the entire South River basin. The South River is the first major
tributary of the Raritan River, located approximately 8.3 miles upstream of the Raritan River's
mouth at Raritan Bay. The South River is formed by the confluence of the Matchaponix and
Manalapan Brooks, just above Duhemnal Lake, and flows northward from Duhernal Lake a
distance of approximately 7 miles, at which point it splits into two branches, the Old South River
and the Washington Canal. Both branches flow northward into the Raritan River. The South
River is tidally controlled from its mouth upstream to Duhernal Lake Dam; fluvial conditions
prevail above the dam. Based on coordination with NIDEP, County and local governments, it
was determined that there are no widespread - flooding problems in the South River watershed
upstream of the Duhernal Lake dam. Consequently, the study area was modified, focusing on
river reaches below the dam, specifically flood-prone areas within the Boroughs of South River
and Sayreville, the Township of Old Bridge, and the Historic Village of Qld Bridge (located
within the Township of East Brunswick). The downstream river reaches encompass virtually all
the flood-prone structures in the watershed and the areas of greatest ecological degradation (and
greatest potential for ecosystem restoration).

Periodic hurricanes and storms have caused severe flooding along the South River. Flood
damages downstream of Duhernal Lake are primarily due to storm surges with additional
damages associated with basin runoff. The communities repeatedly affected by storm surges are
the Boroughs of South River and Sayreville, the Township of Old Bridge, and the Historic
Village of Old Bridge in East Brunswick Township. There are approximately 1,247 structures
(1,082 residential; 165 commercial) in the 100-year floodplains of these communities and 1,597
structures in the 500-year floodplains (1,399 residential; 198 commercial). Storm surges create
the greatest damages in the study area occurring during hurricanes and northeasters that generate
sustained onshore winds through multiple tidal cycles. For example, the northeaster of March
1993 (a 25-year event) resulted in approximately $17 million damage (2001 dollars) and closed
the highway bridge connecting the Boroughs of South River and Sayreville.

The area under consideration for ecosystem restoration encompasses 1,278 acres along the Old
South River and the Washington Canal and includes the 380-acre Clancy Island bounded by
these waterways and by the Raritan River. Wetland plant communities account for 786 acres (61
percent) of the study area land cover. Uplands account for the remaining 492 acres, of which
234 acres are occupied by residential, commercial, and industrial development. These wetlands
and uplands are ecologically degraded. Approximately 527 acres (41 percent of the study area)
are dominated by monotypic stands of common reed (Phragmites australis). Other wetland
comrmunities are scattered around the site in a patchwork of fragmented parcels. The uplands are
dominated by low quality scrub-shrub land cover. The current degraded ecological conditions
appear to be the result of: (1) construction and maintenance dredging associated with the Federal

Integrated Feasibility Report & Environmental Impact Statement x

48819

5-6-9



22

South River, Raritan River Basin
Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

navigation channels in the South River, Washington Canal, and Raritan River and (2) clay
excavation and industrial activity associated with the defunct Sayreville brick industry.

HSDR plan formulation considered a full range of structural and nonstructural measures,
Alternative plans that survived the initial screening of alternatives included: (1) a storm surge
barrier at the confluences of the South River and Washington Canal with the Raritan River, (2)
multiple levee and floodwall configurations, and (3) buy-out of flood-prone properties. Further
investigation determined that the storm surge barrier alternative at the confluence of the
Washington Canal and the Raritan River was not economically feasible and that there would be
significant adverse environmental effects on study area wetlands. It was also determined that
acquisition of structures in the floodplains was not economically feasible. In contrast,
preliminary analysis indicated that levee and floodwall protection of fiood-prone properties in
the study area was found to be economically and technically feasible.

More detailed analysis indicated that levees and floodwalls along the eastern and western banks
of the lower South River would be economically justified and would have minimal effects on
study area wetlands. It was also determined that structural protection of upstream reaches would
not be economically justified. A storm surge barrier (different location than previously
described), located just downstream {north) of the Veterans Memorial Bridge, was subsequently
evaluated in combination with levees/floodwalls in the lower reaches. The barrier was found to
be an economically feasible means to protect upsiream reaches. In addition, it would: (1)
minimize environmental impacts on wetlands, (2) avoid potential HTRW sites upstream, and (3)
preclude the need for nonstructural protection in upstream communities by providing
comprehensive storm surge protection.

Economic analysis of alternative HSDR plans indicated that the levee/floodwall system with
upstream storm surge barrier would result in the greatest net benefits. Subsequent optimization
of this plan determined that a 500-year level of protection would provide the greatest net
benefits. Consequently, the levee/floodwall system with upstream storm surge barrier providing
a 500-year level of protection was designated as the National Economic Development (NED)
plan and was selected as the recommended plan. It is anticipated that implementation of the
selected HSDR plan will cost approximately $53.3 million with average annual costs estimated
at $4.2 million. With average annual benefits estimated at $9.1 million, the average annual net
benefits associated with the selected HSDR plan will be approximately $4.9 million. The
selected HSDR plan is expected to have a benefit-cost ratio of 2.2 to one.

Even though the selected HSDR plan was specifically designed to avoid and minimize
environmental impacts, there were some unavoidable impacts to the natural resources in the
South River. Based on a Habitat Evaloation Procedures (HEP) study and an Evaluation of
Planned Wetlands (EPW) assessment, the selected NED plan will result in a loss of 1.07 Average
Annual Habitat Units (AAHUs) and 20.74 Functional Capacity Units (FCUs). Consequently, to
offset these impacts it was determined that the mitigation goal will replace at least 100% of the
combined loss of Average Annual Habitat Units (AAHUs) summed across evaluation species
and FCUs summed across wetland functions, and at least 50% (agreed upon by HEP Team) of
the loss of AAHUs per evaluation species and FCUs lost per function, as a result of
implementation of the selected HSDR plan.
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To achieve the mitigation goal, a screening analysis was conducted to evaluate the feasibility of
improving the available habitat on the proposed levee (e.g., plant shrubs to improve songbird
habitat); improving the existing habitats (e.g., increase the density/cover of the vegetation by
planting more shrubs and/or herbaceous species); and, converting one habitat/cover type to
another more valuable habitat (e.g., convert areas of Phragmites to salt marsh or wetland scrub-
shrub).

Based on an analysis of the acreages, costs, benefits, and incremental cost/output for each of
these plans it was determined that Mitigation Alternative 2 had ecological outputs that were
worth its associated costs. The selected mitigation plan will fulfill the mitigation goal and will
involve the conversion of 11.1 acres of degraded wetland Phragmites and disturbed habitat to a
combination of wetland scrub-shrub (7.8 acres) and salt marsh (3.3 acres). This plan is estimated
to cost $2,865,300 and is included in the HSDR cost provided above.

Plan formulation for ecosystem restoration considered a wide variety of restoration measures to
address opportunities associated with ecosystem restoration along the South River. Restoration
goals and objectives were specified early in the plan formulation process. Restoring biodiversity
and ecological functioning were established as the restoration goals; the restoration objectives
included: restoring habitat for threatened and endangered species, increasing site biodiversity,
increasing tidal flushing, reducing Phragmifes, improving water quality, and stabilizing and
protecting desirable wetland habitat. After a preliminary restoration screening process that the
assessed ecological benefits and engineering constraints of eleven different altematives, four
priority habitats were chosen for ecological restoration of the study area: low emergent marsh,
intertidal mudflat, wetland forest scrub-shrub, and open water (i.e., tidal creeks and tidal ponds).
Using different proportions of each habitat, more than 250 potential mathematical combinations
of these habitats were evaluated.

These combinations were then applied to four potential restoration areas delineated in the study
area using four different scales of restoration for degraded acreage in each area: 25 percent, 50
percent, 75 percent, and 100 percent. Cost effectiveness and incremental cost analysis was
applied to the resultant 40,000 potential restoration plans, resulting in identification of eight
“best buy” restoration plans for the study area. These plans represent the most efficient means to
achieve ecosystem restoration in the study area. Based upon the incremental analysis and the
ability of the alternative plans to achieve the restoration planning goals and objectives, one of the
Best Buy plans was selected as the National Ecosystem Restoration (NER) plan.

The NER plan will restore 100 percent of the 379 acres of degraded wetlands in the potential
restoration areas. The NER plan will restore the following habitats: low emergent marsh (151
acres: 40 percent), wetland forest/scrub-shrub (170 acres: 45 percent; plus an additional 19 acres,
or 5 percent, as upland forest/scrub-shrub), mudflat (19 acres: 5 percent), and open water (19
acres: 5 percent). It is expected that implementation of the NER plan will cost approximately
$46.5 million with an average annual cost of approximately $3.5 million.

The costs of project implementation for the HSDR features and ecosystem restoration features
will be shared by the Federal government and the non-Federal project partner (NJDEP) on a 65
percent / 335 percent basis. All operations and maintenance costs will be bome by the non-
Federal project partner. For the HSDR features, the project implementation costs ($53,325,100)
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will be shared as follows: $34,661,300 Federal and $18,663,800 non-Federal with annual O&M
costs of $221,500  (non-Federal). This includes mitigation costs associated with the
implementation of these features ($2,865,300 total with $1,862,400 Federal and $1,002,900 non-
Federal). For the ecosystem restoration features, the project implementation costs ($46,499,300)
will be shared as follows: $30,224,500 Federal and $16,274,800 non-Federal with O&M costs of
$80,000 (non-Federal).

Potential beneficial cumulative impacts to migratory waterfowl and songbirds are likely to result
from implementation of the selected mitigation and ecosystem restoration plans. These plans, in
conjunction’ with similar projects in the South River watershed, should increase the overall
ecological value of the area. Specifically, the mitigation and restoration plans will add large
areas of more desirable wetland communities and increase the study area’s biodiversity (ie.,
improve the areas composition and abundance of plant and animal species).

The construction and maintenance of both the HSDR features and the ecosystem restoration
features will not adversely affect any Federally or state listed endangered or threatened species,
areas of designated critical habitat, or essential fish habitat. By providing increased cover and
opportunities for foraging and nesting, the selected plans will also improve habitat for the
Federally listed threatened bald eagle thought to utilize habitats in the general vicinity, and for
many of the State of New Jersey endangered and threatened species observed in the restoration
area (e.g., black skimmer, northern harrier, peregrine falcon, yellow-crowned night heron,
osprey, black-crowned night heron, and American bittern).

In sum, the recommended plan will efficiently reduce hurricane and storm damages along the
South River and improve the structure and function of degraded ecosystems in the study area.
The non-Federal project partner, NJDEP, has indicated its support for the recommended plan and
is willing to enter into a Project Cooperation Agreement with the Federal Government for the
implementation of the plan. At this time, there are no known major areas of controversy or
unresolved issues regarding the study and selected plan among agencies or the public interest.
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PERTINENT DATA
DESCRIPTION

The identified plan provides for hurricane and storm damage reduction and ecosystem restoration
along the South River, Raritan River Basin.

LOCATION

Middlesex County, New Jersey: Borough of Sayreville, Borough of South River, the Township
of Old Bridge, and the Historic Village of Old Bridge (located within the Township of East

Brunswick.

HURRICANE AND STORM DAMAGE REDUCTION

Level of Protection (storm with probability of exceedance) 0.002 (500-year event)
Levee/ Floodwall
Levee Length 10,712 feet
Floodwall Length 1,655 feet
Top Elevation 21.5 feet NGVD
Levee Crest Width 10 feet
Levee Slopes 2.3:1
Fill Volume 304,400 cubic yards
River Segment
Storm Surge Barrier Length 320 feet
Clear Opening 80 feet
Top Elevation 21.5 feet NGVD
Interior Drainage
East Segment
Facility . Minimum Facilities with 100 cubic feet per second

(cfs) diversion structure in upper drainage area
Gravity Outlets (number and size)
930-foot, 60-inch diameter diversion pipe;
5@36" diameter (dia.)

3@60” dia.
1@18"dia.

West Segment
Facility Minimum Facilities
2@247 dia.
9@60” dia.

Main Channel
Pump Station Capacity 1,200cfs

Gravity Outlets (number and size)
5@10°x10’ box culverts
4@60” dia.
integrated Feasibility Report & Envir tal impact Stat t xiv
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REAL ESTATE REQUIREMENTS

Lands and Damages; Hurricane and Storm Damage Reduction Features

Permanent Easement 25.30 acres
Temporary Easement (for construction) 9.70 acres
Severance Damages : 55.00 acres
Fee Simple Purchase (for mitigation) 11.10 acres

Subtotal 101,10 acres

Lands and Damages: Ecosystem Restoration Features
Fee Simple Purchase 435.55 acres

Total 536.65 acres

ECOSYSTEM RESTORATION

Area Restored 379.3 acres

Habitat Restored/Created
Wetland forest/scrub-shrub 170.7 acres (45 percent)
Low emergent marsh 151.7 acres (40 percent)
Mudflat 15.0 acres (5 percent)
Open water . 19.0 acres (5 percent)
Upland forest/scrub-shru 19.1 acres (S percent)

HURRICANE AND STORM DAMAGE REDUCTION MITIGATION

Conversions:
Wetland Phragmites to: 3.3 acres Salt Marsh; 1.7 acres Wetland Scrub-Shrub
Upland Disturbed to: 6.1 acres Wetland Scrub-Shrub

Total: 11.1 acres

ECONOMICS

Hurricane and Storm Damage Reduction
Initial Project Cost (October 2001 price level) $53,325,100
Mitigation Cost (included in Initial HSDR Project Cost) $2.865,300
Annual Initial Cost (discounted at 6,125 % over a 50-year period) $3,442,300
Annual Interest During Construction (IDC) Costs $499,800
Annual Operations and Maintenance (0&M) Costs $221,500
Total Annua)] Cost (discounted at 6.125 % over a 50-year period) $4,163,600
Average Annual Benefits (discounted at 6.125% over a 50-year period) $9,092,400
Average Annual Net Benefits $4,928,800
Benefit-to-Cost Ratio 2.2
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Ecosystern Restoration

Initial Project Cost $46,499,300

- Annual Initial Cost (Discounted at 6.125% over a 50-year period) $3,001,700
Annual IDC Costs $426,000
Annual O&M Costs $80,000
Total Annual Cost (discounted at 6.125 % over a 50-year period) $3,507,700

Total Project

Initial Project Cost $99,824,400
Annual Initial Cost (Discounted at 6.125% over a 50-year period) $6,444,000
Annual IDC Cost $925,800
Annual O&M Costs $301,500
$7,671,300

Total Annual Cost (Discounted at 6.125% over a 50-year period)

COST APPORTIONMENT

HSDR Features

Ecosystem
Restoration
Features

Total Project

Federal Non-Federal
Share Share Total

{65%) (35%)
Initial Project Costs $34,661,300 $18,663,800  §53,325,100

Real Estate Costs* $3,310,200

Cash Contribution $34,661,300 $15,353,600

0&M Costs $221,500 $221,500
Initial Project Costs $30,224,500 $16,274,800  $46,499,300
Real Estate Costs* $5,772,800

Cash Contribution $30,224,500  $10,502,000 :
O&M Costs $80,000 $80,000
Initial Project Costs $64,885,900 $34,938,500  $99,824.400
Real Estate Costs* $9,083,000

Cash Contribution $64,885,900  $22,855,500

0O&M Costs $301,500 $301,500

* Applicable to required non-Federal cash contribution.
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SOUTH RIVER, RARITAN RIVER BASIN
HURRICANE AND STORM DAMAGE REDUCTION
AND ECOSYSTEM RESTORATION

INTEGRATED
FEASIBILITY REPORT &
ENVIRONMENTAL IMPACT STATEMENT

1. INTRODUCTION

This integrated feasibility report and environmental impact statement (FR/EIS) investigates the
feasibility of alternative plans to address problems and opportunities associated with hurricane
and storm damage reduction (HSDR) and ecosystem restoration along the South River in
Middlesex County, New Jersey. This FR/EIS has been prepared by the New York District of the
U.S. Army Corps of Engineers (Corps) under the General Investigations Program of the Corps.
The New Jersey Department of Environmental Protection (NJDEP) is the non-Federal partner for
this study and for any subsequent project implementation.

* 4.1 Study Authority

The South River Multipurpose Feasibility Study was authorized by resolution of the U.S. House
of Representatives Committee on Public Works and Transportation and adopted 13 May 1993.
The resolution states that:

Resolved by the Committee on Public Works and Transportation of the United States
House of Representatives, that, the Secretary of the Army, acting through the Chief of
Engineers, is requested to review the report of the Chief of Engineers, titled Basinwide
Water Resources Development Report on the Raritan River Basin, New Jersey,
published as House Document 53, Seventy-first Congress, Second Session, and other
pertinent reports, to determine whether .modifications of the recommendations
contained therein are advisable at the present time in the interest of flood control and
related purposes on the South River, New Jersey.

Under this study authorization, a reconnaissance report was completed in May 1995, The
reconnaissance study concluded that there is Federal interest in addressing problems and
opportunities of HSDR and ecosystem restoration along the South River. Based on preliminary
analysis, the reconnaissance report identified at least one project that would be in the Federal
interest. It recommended 100-year level of HSDR for the Boroughs of South River and
Sayreville using levees along the South River and a closure structure at the railroad bridge that
connects the two Boroughs. In addition, the reconnaissance study recommended ecosystem
restoration of 250 acres of degraded wetlands along the South River and Washington Canal north
of the two Boroughs. On the basis of these findings, the Corps and the State of New Jersey
entered into an agreement to perform a cost-shared multipurpose feasibility study of the South
River.
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1.2 Study Purpose and Need

The purpose of the South River study is to evaluate the feasibility of Federal participation in
implementing solutions to problems and opportunities of HSDR and ecosystem restoration along
this waterway. More specifically, the study:

» Identifies flooding problems associated with hurricanes and other storms along the
South River, particularly at the Borough of South River and the Borough of
Sayreville,

o Identifies opportunities for restoration of degraded ecosystems in the South River
basin,

o Evaluates the technical, economic, environmental, and institutional feasibility of
Federal action to address flooding problems associated with hurricanes and other
storms and ecosystem restoration opportunities, and

» Determines if there is local support for implementation of the recommended plan.

As part of the plan formulation process, reconnaissance phase plans were re-evaluated, and other
potential HSDR and ecosystem restoration measures were formulated in order to evaluate and
select those plans that maximize contributions to National Economic Development (NED) and to
National Ecosystem Restoration (NER). In this document, the NED plan and the NER plan have
been developed to a level of engineering, economic, and environmental detail sufficient to
proceed to the Preconstruction Engineering and Design (PED) phase, pending recommendation
by the New York District, approval by the North Atlantic Division Commander, support by
Corps Headquarters and the Assistant Secretary of the Army (Civil Works), and authorization for
construction by Congress.

1.3 Study Scope

This FR/EIS investigates the feasibility of Federal action to address flooding problems associated
with hurricanes and other storms and ecosystem restoration opportunities along the South River,
consistent with Federal water resources policies and practices, including Economic and
Environmental Principles and Guidelines for Water and Related Land Resources Implementation
Studies (P&G, 1983), the Corps Planning Guidance Norebook (ER-1105-2-100, 22 April 2000),
and Procedures for Implementing NEPA (ER 200-2-2, 4 March 1988). Throughout this
investigation, the Corps has worked closely with the non-Federal project partner, NJDEP, to (1)
describe the range of potential Federal participation in HSDR and ecosystem restoration along
the South River and (2) explain the roles and responsibilities of the Corps and the non-Federal
project partner in project planning and implementation.

As an integrated report, this FR/EIS also fully complies with requirements of the National
Environmental Policy Act (NEPA) of 1969, as amended (42 U.S.C. 4321 et seq.). The
integration of the NEPA documentation with the feasibility report is consistent with NEPA
guidance to combine required documents with other documents, when practicable.
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1.4 Report Organization

This document has been organized in a manner consistent with both Corps requirements for
feasibility reports and with NEPA requirements. The integrated report reflects an integrated
planning process where positive environmental effects associated with proposed restoration
action have been maximized and adverse environmental effects associated with HSDR have been
avoided, minimized, and mitigated.

The main report summarizes the results of feasibility studies and contains sections appropriate
for EIS documentation. Technical appendices, which present details of technical investigations
conducted during the feasibility study, are attached. Some section headings are hyphenated to
indicate consistency with requirements of feasibility studies and NEPA documents. When the
section heading is preceded by an asterisk (*), the section is required to comply with NEPA.

* 1.5 Study Area

The South River watershed is located within the lower Raritan River Basin in Middlesex County,
New Jersey (see Figure 1). The South River is the first major tributary of the Raritan River,
located approximately 8.3 miles upstream of the Raritan River’s mouth at Raritan Bay. The
South River is formed by the confluence of the Matchaponix and Manalapan Brooks, just above
Duhemal Lake, and flows northward from Duhernal Lake a distance of approximately 7 miles, at
which point it splits into two branches, the Old South River and the Washington Canal. Both
branches flow northward into the Raritan River. The South River is tidally controlled from its
mouth upstream to Duhernal Lake Dam. Fluvial conditions prevail above the dam.

Early in the feasibility phase, scoping and public meetings and site visits were held with NJDEP,
County and local governments, and area residents to determine the extent of flooding problems
in the upstream reaches. As anticipated during the reconnaissance investigation, it was
determined from this coordination and initial evaluation that there are no widespread flooding
problems in the South River watershed upstream of the Duhernal Lake dam, located in the
Towns of Spotswood, Jamesburg, and Helmetta. Consequently, subsequent investigations
focused on river reaches below the dam, specifically flood-prone areas within the Boroughs of
South River and Sayreville, the Township of Old Bridge, and the Historic Village of Old Bridge
(located within the Township of East Brunswick). In this document, the term “study area” refers
to flood-prone areas downstream of Duhemnal Lake dam, unless otherwise noted. Downstream
river reaches encompass virtually all flood-prone structures in the watershed and areas of
greatest ecological degradation (and greatest potential for ecosystem restoration). The study area
includes the South River to the west, the Washington Canal to the east, and the 380-acre Clancy
Island bounded by these waterways and by the Raritan River.

1.6 National Environmental Policy Act Requirements

In the NEPA statutory language, Congress recognized the responsibility of each generation to
prepare for succeeding generations and the right of all Americans to a safe, healthful, and
productive life and aesthetically and culturally pleasing surroundings. The Act requires that
Federal agencies utilize a systematic interdisciplinary approach to insure the integrated use of the
natural and social sciences and environmental design in planning and decision-making when the
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action may have a significant impact on the environment. Section 102(2) of the Act contains
action-forcing provisions to ensure that Federal agencies prepare a detailed EIS, or other NEPA-
compliance document, on the effects of a proposed Federal action.

Council on Environmental Quality (CEQ) regulations [40 CFR 1500-1508] require that EISs
provide full and fair discussion of significant environmental impacts and inform decisionmakers
and the public of the reasonable alternatives which would avoid or minimize adverse impacts or
enhance the quality of the environment. The regulations specify that EISs should be clear and
concise and should be supported by evidence that the agency has made the necessary
environmental analyses. The analyses should be analytic, rather than encyclopedic.

As required in Sec 102 of the Act, proposals for major Federal actions significantly affecting the
quality of the human environment shall include a detailed statement on:

¢ The environmental impact of the proposed action,
*  Any adverse environmental effects that cannot be avoided if the action is implemented,
« Alternatives to the proposed action,

e The relationship between short-term uses of the environment and long-term productivity,
and

s Any irreversible and irretrievable commitments of resources that would be involved if the
proposed action is implemented.

This integrated FR/EIS is fully consistent with NEPA statutory requirements. The integrated
report reflects an integrated planning process, which maximizes beneficial impacts on the
environment resulting from ecosystem restoration and avoids, minimizes, and mitigates adverse
project effects associated with HSDR.

1.6.1 Areas of Controversy

At this time, there are no known major areas of controversy regarding the study and selected plan
among agencies or the public interest.

1.6.2 Unresolved Issues

The General Conformity provisions relating to the Clean Air Act require a conformity
demonstration for each pollutant where the total direct and indirect emissions from the Federal
action exceed the corresponding de minimis level. Detailed information on the construction
activities (type and size of equipment, construction schedule, etc.) is not currently available.
ThereforPreliminary emission estimates have been made based on emission estimates generated
from similar activities for other projects.

Based on the preliminary estimates, total direct and indirect NOx emissions appear to exceed the
de minimis threshold of 25 tons per year. The preliminary projected total direct and indirect
VOC and CO emissions from the proposed project are estimated to be below the de minimis
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threshold levels. In close consultation with the United States Environmental Protection Agency
and the New Jersey Department of Environmental Protection, the Corps will conduct a detailed,
comprehensive quantitative analysis in the next project phase (Preconstruction, Engineering and
Design, in Fall 2002) to more precisely quantify all emissions from the South River project and
to determine conformity accordingly. Upon completion of the revised emission estimates, a
Draft General Conformity Determination will be prepared and undergo formal agency and public
review. Results and conclusions of this process will be part of the South River project’s Record
of Decision, including, as necessary, detailed analyses of mitigation alternatives, such as
emission offsets, emission credits, emission reduction technologies, and operational
modifications to reduce ernissions.

1.7 Study Process

The New York District is responsible for conducting the overall feasibility study in cooperation
with the non-Federal project partner, NJDEP. The feasibility study and eventual implementation
of the project continue to receive strong support from NJDEP and from local governments,
including the Borough of South River and the Borough of Sayreville (see Appendix F). These
non-Federal interests are committed to working with the Corps to address flooding problems
associated with hurricanes and other storms and opportunities for ecosystem restoration along the
South River.

As will be explained in detail in this document, plan formulation for ecosystem restoration and
for mitigation of adverse effects of HSDR features of this project were conducted in close
coordination with Federal and State of New Jersey regulatory and resource agencies, including:
U.S. Fish and Wildlife Service, National Marine Fisheries Service, and NJDEP,

As part of scoping activities, a public scoping meeting was held to invite comment on the range
of issues to be examined in the EIS in accordance with the CEQ Regulations (40 CFR 1500-
1508) and the U.S. Army Corps of Engineers Regulation (ER-200-2-2). The purpose of the
scoping process is to 1) formally establish dialog and coordination with local, County, State, and
Federal agencies; and, 2) identify issues and concerns that may be associated with proposed
actions. Specifically, the preliminary information provided to resource agencies and the public
during scoping presents the potential solutions for HSDR and ecosystem restoration; discusses
the existing biological and cultural resources located within the study area; preliminarily
identifies the direct, indirect, and cumulative impacts of the Project; and, identifies the local,
County, and State policies and permits applicable to proposed actions.

1.8 Existing Projects

As illustrated in Figure 2, there are two Federal navigation projects in the study area: (1) the
‘Washington Canal and Scuth River and (2) the Raritan River. In addition, there is a State of
New Jersey environmental mitigation project located in the study area. These projects are
described below.
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1.8.1 The Washington Canal and South River

As illustrated in Figure 2, this navigation project connects communities along the South River
with the Raritan River. Private interests constructed the Washington Canal in the 1830°s by
widening and deepening a large pre-existing tidal channel. The Canal and South River
navigation channel were Federalized in 1871. The authorized project is a 12-foot deep, 100-foot
wide channel in the Washington Canal for a distance of 0.8 miles upstream of the Raritan River
and then a 12-foot deep, 150-foot wide channel in the South River to Old Bridge. The total
length of the Canal is 5.2 miles. In 1929, when the last improvements to the project were
authorized, the channel was used to transport brick, hollow tile, sand, clay, crushed stone, and
coal to/from New York Harbor.

The last Corps involvement was for maintenance dredging in the early 1940s. The 1941 contract
documents specified that dredged material should be transported and disposed of in designated
disposal areas with disposal of dredged material to aid the improvement or betterment of the
land. Historically, such disposal sites were in close proximity of the actual dredging location,
often within open shallow water or wetlands.

Currently, small recreation vessels are the sole users of the Washington Canal and South River;
there is no commercial traffic. As will be included in problem identification discussions,
degradation of the South River ecosystem can be partially attributed to construction and
operation of navigation channels in these waterways.

1.8.2 The Raritan River

This Federal navigation project along the Raritan River main stem includes channel depths up to
25-feet deep with various associated widths, turning basins and navigation features from the
Great Beds light at the turn in the New York and New Jersey Channel to the Raritan Arsenal.
The channel continues at a 15-foot depth to the Washington Canal, then at a 10-foot depth
upstream beyond New Brunswick to the terminus of the Delaware and Raritan Canal.

1.8.3 NJDOT Wetland Mitigation Project Along Washington Canal
The New Jersey Department of Transportation (NJDOT) is currently completing restoration of

approximately 20 acres of salt marsh in an area northwest of the Route 533 bridge (South
River/Sayreville) along the eastern edge of the Washington Canal. This project, which mitigates

adverse environmental effects of local highway construction, is establishing a wetland

community dominated by salt marsh species with an upland scrub-shrub island in its center, This
area was previously dominated by a monotypic stand of Phragmites. Phragmites on the site was
removed, the site was regraded, and native wetland vegetation was planted. This project
reinforces the ecosystem restoration potential of the study area and could compliment Federal
restoration and mitigation actions.

1.9 Prior Studies and Reports

The South River Basin has been subjected to frequent and severe flooding from hurricanes and
other storms and has been the subject of various studies. Reports relevant to this study have been
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compiled, reviewed, and utilized as appropriate. The following is a listing and description of
those reports:

Basinwide Water Resource Development Report on the Raritan River Basin. House
Document 53, Seventy-First Congress, Second Session. This report, published in the
early 1930’s, focused on navigation and flood control for the entire Raritan River Basin.

Delineation of Flood Hazard Areas. Raritan River Basin, Flood Hazard Report #18,
South River and Manalapan Brook, NJDEP, Division of Water Resources, October 1972,
This report delineated the floodplain in the South River and its tributary, Manalapan
Brook.

Delineation of Flood Hazard Areas. Raritan River Basin, Flood Hazard Report #17,
Matchaponix Brook System. NJDEP, Division of Water Resources, March 1973. This

report delineated the floodplain of the Matchaponix Brook, which is a tributary to the
South River.

Survey Report for Flood Control, Raritan River Basin. New Jersey, Final Report, New
York District, USACE, March 1985. This report served as a comprehensive study of the

Raritan River Basin and recommended several additional studies. Although the South
River was studied, none of the proposed improvements were determined to be
economically feasible at that time. Since that time, Middlesex County has experienced
significant economic development.

South River, Raritan River Basin, New Jersey, Multi-Purpose Study. Final
Reconnaissance Report. Department of the Army, Corps of Engineers, New York
District, May 1995. The South River Reconnaissance Study determined that there is
Federal interest in HSDR and ecosystem restoration along the South River. The
reconnaissance report evaluated a variety of structural and nonstructural HSDR plans for
the Boroughs of South River and Sayreville. This preliminary investigation concluded
that a 100-year level of structural protection would be technically and economically
feasible. The recommended plan included levees at Sayreville (3,500 feet) and at South
River (9,000 feet), a railroad closure structure, and road raisings. The ecosystem
restoration component of the recommended plan consisted of saltmarsh restoration along
the Washington Canal. The restoration action would replace habitat lost in part due to
Federal involvement in dredging the Washington Canal. [t would involve replacement of
250 acres of low-quality, low-diversity Phragmites australis with high-quality wetland
vegetation, such as Spartina alterniflora and associated community species. Stream bank
stabilization would be included to protect the restored habitat. Excavation of the marsh
to create meandering channels, open water, and ecotones would be included to promote
diversity and fish spawning/nursery habitat.

2. PRE-DEVELOPMENT CONDITIONS

Historic records and maps indicate that, pre-18350, the study area was predominately forested,
with the exception of areas immediately adjacent to the original South River channel and the
perimeter of Clancy Island. There is a great deal of evidence suggesting that much of the study
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area was heavily disturbed in the past. Local historical records suggest that significant physical
modification of the Washington Canal area and Clancy Island occurred in association with the
brick industry in Sayreville which arose following discovery of significant clay deposits in the
area.

The brick industry in Sayreville thrived from the early 1800s through the early 1900s and lasted
until the late 1960s. Maps of the area in 1876 suggest that Clancy Island and much of the east
bank of the Canal were forested uplands. Much of the area east of the Canal was occupied by
factories, drying yards, and worker housing of multiple brick manufacturers. Significant
portions of the east bank of the Canal and of Clancy Island were excavated in the 1800s to
extract clay deposits.

During early exploration of the area in 1720, trip reports noted a large tidal channel of significant
enough size to allow for passage of large vessels along the eastern perimeter of the study area
island. This large tidal channel, now known as the Washington Canal, was dredged by the U.S.
government in 1870 and used primarily for transportation of goods such as brick, tile, sand, clay,
and coal products into and out of New York Harbor. Maintenance dredging of the canal and
South River channel last occurred in the early 1940s. Dredged material disposal sites are evident
in some upland areas along the channels.

Some areas in Sayreville that were previously occupied by the brick works were converted to
residential land uses. Clancy Island and much of the excavated area on the east bank of the
Canal have been allowed to revert to vegetation. These areas are currently characterized by low-
quality wetlands, dominated by Phragmites australis, and scrub-shrub uplands. Consequently,
much of the ecological degradation of Clancy Island and of the east bank of the Canal can be
traced to the brick industry, through: (1) construction and maintenance of the Washington Canal,
(2) clay excavation, and (3) deposition of waste materials from brick manufacturing. These
disturbances and those associated with nearby navigation channels appear to be the primary
causes of degraded conditions on the island and along the east bank of the Canal.

Past disturbance makes it infeasible for any restoration action to return the site to its pre-
development condition. However, as will be evident, there is significant opportunity to retum
the site to 2 more natural condition.

* 3. AFFECTED ENVIRONMENT / EXISTING CONDITIONS

The following discussions describe existing conditions in the study area, including physical
setting, water resources, socioeconomic conditions, and biological resources. The profile of
existing conditions leads to two conclusions about downstream reaches of the South River: (1)
large portions of the Boroughs of South River and Sayreville have been and continue to be
subject to flooding from the South River and (2) there has been significant ecological
degradation along the South River and the Washington Canal.

In order to provide a detailed characterization of the South River study area and to better
understand the physical and chemical parameters associated with the area, the Corps conducted a
number of ecological studies/investigations. These studies include:
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o South River, New Jersey, Wetland Delineation Report, November 1999. This report
documents the occurrence and location of the upland/wetland boundaries located in the
South River study area. The survey was conducted in accordance with New Jersey State
requirements. Approximately 449 acres of wetland habitat was delineated during this
investigation.

o South River, New Jersey, Vegetation Mapping and Biobenchmarking Report, December
1999. The objectives of this investigation were to provide a detailed characterization of
the plant communities present in the South River area and to establish critical elevation
data, or biological benchmarks, for the elevational limits of the existing vegetation
communities.

» South River, New Jersey, Restoration Screening Report, April 2000. This report
identifies and evaluates several alternatives designed to successfully restore and/or
diversify the existing ecosystems within the South River watershed. The alternatives
were established through a multi-step process that included identification of the Study’s
project goals and objectives; development of restoration alternatives; evaluation of each
alternative according to its potential ecological benefits, engineering and environmental
constraints, and its likelihood of success; and, selection of the most desirable alternatives.

* South River, New Jersey, Wildlife Survey Report. May 2000. This study evaluated and
documented the presence/absence of most species of birds and mammals using the South
River area during the breeding season and winter/dispersal season.

»  South River, New Jersey, Fish Survey Report, July 2000. The purpose of this study was
to characterize the fish community within the South River. A sampling plan was
designed to qualitatively assess the existing fish species composition and relative
abundance during the summer months. In addition, the report characterizes the
distribution and habitat use of fish species within the South River study area.

o Literature Review: Success of Conversion of Phragmites australis to Other Wetland
Plant Communities, October 2000. This literature review assessed the feasibility of
converting plant communities dominated by Phragmites australis to more desirable
wetland plant communities such as salt marsh, wetland scrub-shrub, and tidal
creeks/ponds.

» South River, New Jersey, Essential Fish Habitat Assessment, October 2000. This
assessment provides a description of the existing fish habitat, a listing of EFH-designated
species in the study area, a summary of evidence relating to the presence/absence of
EFH-designated species in the study area, and an analysis of potential adverse impacts
and benefits of the proposed activities on EFH for designated species that occupy the
area.

e South River, New Jersey, Topographic Survey, November 2000. This study provided
additional data for the assessment of plant community elevations in the South River and
was intended 1o support the previous biobenchmarking surveys/data.
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o South River, New Jersey, Restoration Monitoring Plan, November 2000. This report
provides an evaluation of several restoration monitoring designs and techniques that
could be implemented as part of South River ecosystem restoration.

e South River, New Jersey, Plant Community Elevation Report, November 2001. This
report presents an evaluation of the relationship between elevation and plant community
change at five potential restoration areas located with the South River Basin. The results
of this evaluation were used to aid in the development of a successful ecosystem
restoration plan.

e South River, New Jersey, Hydrolab and Soil Salinity Report, November 2001. This study
was conducted to measure the existing surface water and soil salimty characteristics in
five potential restoration areas located in the South River. The results from this study
were used to assist in the development of the recommended restoration actions/options
(i.e., conversion of wetland Phragmites to salt marsh).

e South River, New Jersey, Ecosystem Restoration Plan, October 2001. This report
identifies a number of cost-effective and incrementally justified restoration plans that will
restore biodiversity and ecological function in the study area and selects the National
Ecosystem Restoration (NER) plan. Based on the results of this report, the NER plan
will result in a significant increase in wildlife habitat and an improved level of wetland
function when compared to the existing conditions. It will also meet the goals and
objectives for many programs, acts, and policies on an institutional (international,
national, regional, state, and local), public, and technical level.

In addition to these surveys, a detailed Impact Assessment and Mitigation Analysis report was
prepared (USACE 2002). In cooperation with an interagency advisory team including the
National Marine Fisheries Service (NMFS), United States Fish and Wildlife Service (USFWS),
and the New Jersey Department of Environmental Protection (NJDEP), Habitat Evaluation
Procedures (HEP) were used to guantify the ecological impacts of potential HSDR features, and
formulate and evaluate alternative mitigation and restoration plans. HEP provides a means of
quantifying and comparing wildlife habitat value in the form of Habitat Units (HUs) and
Average Annual Habitat Units (AAHUs). HUs are calculated by multiplying an estimate of
quality, the Habitat Suitability Index (HSI), by a measurement of quantity, the acres of habitat of
a specific type and condition. Quality was measured by a unit-less HSI ranging from 0 to 1
assigned through field estimation of the suitability of a specific habitat type and condition for a
specific evaluation species. Quantity was calculated using the standard measure of acres. Six
evaluation species were selected for the South River HEP study: American black duck, marsh
wren, clapper rail, eastern cottontail, American woodcock, and yellow warbler.

In cooperation with the interagency advisory team, the Evaluation for Planned Wetlands (EPW)
method was implemented to characterize and assess impacts to wetland functions and values.
The EPW method was designed such that it can be used in conjunction with the HEP method to
provide a more robust assessment of the quality of wetlands through an assessment of wetland
functions and values (Bartoldus ef al. 1994). Similar to HEP, the information collected using the
EPW method provides a numeric index (ie., functional capacity index [FCI]) that is useful in
baseline and impact assessments to evaluate proposed actions that potentially result in a change
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in either wetland quantity or quality, and to evaluate the relative value of wetlands identified in
mitigation plans. Specifically, the EPW assessment method uses seven to 20 elements to
evaluate six major wetland functions (ie., shoreline bank erosion control, sediment stabilization,
water quality, wildlife, fish, and uniqueness/heritage). These elements are environmental factors
or variables that are used to assess a particular function. An element score is a unit-less number
ranging in value from 0.0 to 1.0 (where 1.0 represents optimal score) and is assigned to each
element based on criteria outlined in the EPW manual. Element scores are combined and
weighted to produce an FCI value from 0.0 to 1.0 for each wetland function. Size of the wetland
is multiplied by the FCI value to produce a wetland functional capacity unit (FCU), which
represents the wetlands capacity to perform each wetland function. The FCU’s are used as the
quantitative basis for wetland comparisons.

3.1 Physical Setting

The physical characteristics of the study area are profiled below. Discussions address
physiography, geology, topography, climate, and soils. A description of physical changes to the
study area associated with the Sayreville brick industry is also provided.

3.1.1 Geology and Physiography

The study area is located along the western edge of the Coastal Plain Physiographic Province,
which occupies approximately two-thirds of Middlesex County. The Coastal Plain is a gently
seaward-sloping surface overlying poorly consolidated sediments of Tertiary and Cretaceous
age. These sedimentary strata form a southeastward-thickening wedge of sediments that exceeds
2,480 feet (755 meters) along the coast. The sedimentary wedge thins and eventually disappears
to the northeast where it overlaps strata of the Southern Piedmont and Newark Basin.

The stratigraphy of the study area consists of an underlying Trassic bedrock complex
predominantly composed of diabase, shale and sandstone. The northwestward dipping bedrock
complex is unconformably overlain by the southeastward dipping Raritan Formation
(Cretaceous). The Raritan section is primarily composed of semi-consolidated sand and gravel
but contains significant silt, clay and lignite layers. A variety of Quaternary deposits including
glacial, fluvial, and shallow marine sediments overly the Raritan.

In the study area, the Cape May Formation (Quaternary) consists of stratified sand and gravel
with some silt and clay. The Cape May forms low terraces and plains along the edges of the
South River drainage system and flood plain. Near-surface, unconsolidated, Holocene sediments
that occur within the flood plain consist of fluvial sands deposited by the South River and
organic silt, clay and peat layers that have been deposited in marshy areas adjacent to the river.

3.1.2 Topography

In general, the Coastal Plain Physiographic province is relatively flat. FElevations in the
watershed range from 100 feet above National Geodetic Vertical Datum (NGVD) in upstream
portions to 0.5 feet NGVD along the South River. Elevations in lower reaches of the South
River in the Boroughs of South River and Sayreville range from 0.5 to 20.5 feet NGVD. Slopes
on the Sayreville side of the Washington Canal are generally gentle (i.e, ! to 2 percent) and
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wetlands are located along the river. Slopes on the Borough of South River side of the South
River are steeper (2 to 10 percent) and include steep cliffs and irregular depressions. Clancy
Island is relatively flat with mounds of dredge material located along drainage ditches and along
‘Washington Canal. Elevations on the island range from 0.5 to 6.0 feet NGVD.

3.1.3 Solls

Soils in the study area include a diversity of hydric/wetland soils and non-hydric/upland soils.
Hydric soils tend to be concentrated in wetland areas along the South River. These nearly level,
deep, and very poorly drained mineral and organic soils were formed from Coastal Plain
materials. These soils typically have a grayish and/or black subsoil and occur on tidal mudflats
in this area.

There are four soils in the study area that are prime farmland soils or soils of state or local
importance. These prime farmland soils include Downer loamy sand (0-5 percent slopes), Fort
Mott loamy sand (0-5 percent slopes), Hammonton loamy sand (0-3 percent slopes), and Klej
loamy sand, with a clayey substratum (0-3 percent slopes). As described later in this document,
soils in some locations within the study area have been heavily disturbed by dredging associated
with the Washington Canal and South River navigation project, and by excavation associated
with the Sayreville brick industry.

3.2 Climate and Weather

Despite its proximity to the Atlantic Ocean, Middlesex County has significant seasonal and daily
temperature fluctuations. Winters are typically cool with moderate snowfall, and summers are
moderate with hot mid-summer weather and frequent thunderstorms. Average temperatures range
from 23 degrees Celsius (°C) or 73 degrees Fahrenheit (°F) in the surnmer months to 1°C or 34°F
during winter months. Annual precipitation averages 44 inches with little seasonal variation in
rainfall (NAEC, 1991). The growing season lasts approximately 180 days beginning in late April
and ending in middle to late October.

3.3 Water Resources

The following profile of water resources in the study area focuses on its surface waters and on
past and present flooding problems. The following sections discuss surface waters, regional
hydrogeology, groundwater, tidal influences, and flooding problems.

3.3.1 Surface Waters

The South River flows north through the Townships of East Brunswick and Old Bridge and the
Boroughs of South River and Sayreville and then splits into two branches, South River and
Washington Canal, both of which flow into the Raritan River. The area of the South River
watershed is approximately 135 square miles. Principal tributaries to the South River include
Manalapan Brook, Matchaponix Brook, and Cedar Brook, which are upstream of Duhernal Lake,
and Deep Run and Tennent Brook, which are downstream of the Lake. ~
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Several tidal creeks drain into South River between Duhernal Dam and the Raritan River. Deep
Run connects tidal drainage south of Route 18 and limited wetlands northwest of the roadway
into South River. Farther downstream, Tennent Brook drains an additional smaller basin
southeast of the roadway and a significant area of wetland between the roadway and South River.

In the South River near the Washington Canal, the deepest parts of the river (at the center of the
channel) has depths ranging from 15.1 to 18.0 feet (4.6 to 5.5 meters) mean low tide (MLT). In
the upstream section of South River, the river is shallower, and maximum depth ranges from 8.0
to 14.0 feet (2.4 to 4.3 meters) MLT. The mean water surface at the upstream section of the
South River in the Township of Old Bridge is approximately 10.3 feet (3.2 meters) NGVD, and
the mean water surface at the downstream section of the South River in the Townships of South
River and Sayreviile is nearly 0.5 feet (0.2 meters) NGVD.

According to the EPW field data, the FCI values for the shoreline bank function ranged from
0.00 to 0.26 in the East Bank, and 0.43 to 0.76 in the West Bank. The sediment stabilization FCI
values in the East Bank ranged from 0.17 to 0.95 and from 0.37 to 0.90 in the West Bank. FCI
values for the fish (tidal) function ranged from 0.41 to 0.80 in the East Bank and 0.00 t0 0.52 in
the West Bank (USACE 2002).

3.3.2 Water Quality

Tidal influences result in brackish water extending upstream to Duhemal Dam. Based on
salinity sampling conducted in April, June, and September 2000, salinities in the South River
generally range from 1.0 parts per thousand (ppt) to 6.3 ppt, with a minimum salinity of 0.0 ppt
and a maximum of 15.3 ppt. Mean soil salinities range from 5.6 ppt to 14.4 ppt, with a minimum
soil salinity of 4.0 ppt and a maximum soil salinity of 16.0 ppt. In general, salinity monitoring in
the Washington Canal and South River bordering Clancy Island (on the west side) indicates
higher salinity concentrations in the Canal. This suggests that greater tidal flushing occurs in the
Canal, relative to the South River west of Clancy Island.

Water quality designations for the South River are: (1) FW2 Non-Trout - from Duhernal Lake to
the Sayreville Water Department intake at Old Bridge, (2) Saline Estuarine — downstream of the
intake, and (3) FW2 Non-Trout in Deep Run and Tennant Brook. The water quality FCI values
in the East Bank ranged from 0.00 to 0.78 and from 0.53 to 0.77 in the West Bank (USACE
2002). Recreational activities in South River are generally limited to boating. Signs are posted
along the river prohibiting swimming due to low pH levels, which result from native acidic soils.

The 1998 New Jersey State Water Quality Inventory, pursuant to section 305b of the Federal
Clean Water Act, does not identify any specific water quality impairments for South River.
However, South River is a part of the Raritan Bay complex, which has NJDEP fish and crab
consumption advisories for striped bass (Morone saxatilis), bluefish (Pomatomus saitatrix), and
blue crabs (Callinectes sapidus) because of potential PCB, dioxin, and/or chlordane
contamination.
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3.3.3 Regional Hydrogeology and Groundwater

The study area is located in the New Jersey North Atlantic Coastal Plain aquifer (NJCPA)
system that consists of four regional aquifers that are vertically stacked and hydraulically
connected. In vertical sequence from the surface, these are: 1) Chesapeake aquifer, 2) Castle
Hayne-Aquia aquifer, 3) Severn-Magothy aquifer, and 4) Potomac aquifer. These aquifers are
known locally as the Kirkwood-Cobansey aquifer, lower “800” foot sand aquifer of the
Kirkwood formation, Wenonah-Mount Laurel aquifer, Englishtown aquifer, and the Potomac-
Raritan-Magothy aquifer system. These aquifers are underlain by crystalline bedrock, which
increases in depth from 600 feet at the interior Piedmont Province to greater than 4,500 feet at
the Atlantic coastline.

The NICPA system includes the area of Monmouth, Burlington, Ocean, Camden, Gloucester,
Atlantic, Salem, Cumberland, Cape May, and portions of Mercer and Middlesex counties. Three
million people in the New Jersey Coastal Plain area depend on the NJCPA for 75 percent of their
drinking water. An estimated 24 to 26 million gallons of drinking water per day are pumped
from the NJCPA aquifer system in Middlesex County alone.

The NJCPA has been designated as a Sole Source Aquifer by the U,S. Environmental Protection
Agency (EPA). This designation protects drinking water supplies in areas with few or no
alternative sources to the ground water resource, and where in the event of contamination, using
an alternative source would be extremely expensive. Sole source aquifer designations require
EPA review of any proposed project within the designated area that receives Federal financial
assistance.

A variety of contaminant sources have been identified that threaten water quality in the NJCPA
system. These contaminant sources include chemical storage leaks, highway deicing,
agricultural chemicals, industrial waste lagoons, septic tank effluent, and  saltwater
intrusion/encroachment. Although there is limited data for the NJCPA system, a study by the
United States Geological Survey (USGS) of the effect of human activity (land use) on
groundwater quality showed that the underlying Potomac-Raritan-Magothy aquifer system had
increased frequencies of detection of volatile organic compounds such as trichloroethylene and
chloroform and some trace elements, when compared o less intensively developed aquifers. The
increased frequency of contaminant detection in this aquifer was attributed to sources associated
with overlying urban and industrial land uses in this area.

In 1986, NJDEP designated two “Critical Water Supply Management Areas™ in the New Jersey
Coastal Plain, and ground-water withdrawals from specified aquifers in these areas were
reduced. However, long-term historical declines in water levels in Critical Area 1, which
includes Middlesex County, reversed based on monitoring in several observation wells. This rise
in water levels is attributed to a reduction in ground-water withdrawals and a shift toward using
surface-water withdrawals for public water supply, as well as a shift in withdrawals from deep,
confined aquifers to shallow aquifers.

The primary source of recharge, either directly or indirectly, to aquifers in the study area is
through precipitation. Recharge may occur through direct infiltration of precipitation on outcrop
areas, seepage from overlying surface waters, and vertical seepage from adjacent aquifers.
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Based on records of fluctuations in the water table, only a small amount of recharge occurs from
precipitation to aquifers during the growing season because much of the precipitation is lost to
evaporation and transpiration.

3.3.4 Tidal Influences

Although the South River experiences diurnal tidal fluctuations, it is sheltered from direct ocean
waves. The South River is tidal for much of its length, with brackish water extending as far
upstream (south) as the Duhernal Dam. NOAA has established tidal stations at the Raritan River
railroad bridge in the Borough of South River and at the confluence of the Raritan River and
Washington Canal. At the railroad bridge tidal station, the mean spring tide range is 1.9 to 2.2
meters (6.1 to 7.1 feet) and the mean tide level at 1.1 meter (3.5 feet) NGVD. At the Washington
Canal station, the mean spring tide range is 1.9 to 2.3 meters (6.1 to 7.4 feet) and the mean tide
level is 1.1 meter (3.5 feet) NGVD. Based on the last documented dredging activity conducted
in the early 1940s near the junction of the Washington Canal and South River, the mean tide
range at Old Bridge is 1.9 meters (6.1 feet), the range of spring tide is 2.2 meters (7.1 feet), and
the extreme range of storm tides is about 4.1 meters (13.3 feet). The average annual high tide in
the Raritan River estuary is 1.8 meters (5.7 feet) NGVD. The elevation of South River at the
confluence of the Raritan River is approximately 0.5 feet above NGVD. Tide stages in excess of
5.0 feet NVGD (the elevation at which developed areas are inundated and significant damage
results) occur several times a year.

3.3.5 Flooding History

Hurricane and other storms have caused severe flooding along the South River. Flooding
upstream of Duhernal Lake is fluvial. Flooding downstream of Duhernal Lake is primarily
associated with storm surges, although runoff from the basin exacerbates flooding. The
communities repeatedly affected by the tidal surges are the Boroughs of South River and
Sayreville, the Township of Old Bridge, and the Historic Village of Old Bridge in East
Brunswick Township. There are approximately 1,247 structures in the 100-year floodplains of
these communities. Tidal flooding typically occurs during hurricanes and northeasters when
sustained onshore winds push storm surges inland up tidal channels. In the Boroughs of South
River and Sayreville, water surface elevations in excess of 5.0 feet NGVD inundate developed
areas and cause significant hurricane and storm damages. In addition to damages resulting from
tidal inundation, tidal surges often block existing stormwater drainage outlets, indirectly
resulting in additional hurricane and storm damages.

The South River study area is prone to imminent and severe flooding from hurricanes and other
storms. Unless otherwise specified, hurricane and storm damages described below occurred in
the Boroughs of Sayreville and South River.

o March 1962: Significant damages occurred during the northeaster of March 1962. Tidal
backwater flooding from the Raritan River resulted in severe damage to residential,
commercial, and industrial properties in the Boroughs of Sayreville and South River and
caused the Route 535 causeway (South River/Sayreville) to become impassable to
vehicular traffic. Damages from this storm were estimated to be in excess of $4.2 million
(2001 dollars).
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e May 1968: Flooding associated with this 20-year storm occurred as a result of tidal
backwater flooding. Damages were estimated at $8.8 million (2001 dollars), with
significant structural damage to over 80 dwellings and 20 commercial buildings in the
two Boroughs.

e August and September 1971: Hurricane Doria caused minor flooding in the area with
estimated damages of $1.4 million (2001 dollars) in South River, Sayreville, and
Spotswood. Fluvial flooding resulting from over eight inches of rain in the South River
watershed was exacerbated by storm surge associated with this storm.

e April 1984: A fluvial event, the storm caused minor flooding above Duhemnal Lake. No
damage estimates are available.

e December 1992: This northeaster coastal storm stalled over the New York metropolitan
area for three days. With heavy rain (four to five inches total). unusually high tides (over
four feet above normal), and high winds (with gusts approaching 90 miles per hour), this
storm produced severe coastal flooding. Over 200 people were evacuated from flooded
areas in the study area. The bridge over the South River, connecting the Boroughs of
South River and Sayreville, was closed for several days and rail movement was also
shutdown. The study area flood associated with the December 1992 storm, which was
chiefly a coastal and not fluvial event, is considered to have a 25-year recurrence interval.

o March 1993: The northeaster of March 1993 (also a 25-year event) resulted in over $17
million damage (2000 dollars) and closed the highway bridge connecting the Boroughs of
South River and Sayreville (see cover photo showing flooding from March 1993
northeaster; location is along Francis Street in Sayreville, facing Weber Avenue).

In response to past and potential flooding problems in the Boroughs of Sayreville and South
River, both of these communities, as well as East Brunswick and Old Bridge, have participated
in the National Flood Insurance Program (NFIP) for at least 20 years. As required for NFIP
participation, both communities have enacted municipal ordinances regulating floodplain
development.

3.4 Socioeconomic Conditions

Most of the study area falls within the Borough of Sayreville and the Borough of South River.
However, some of the study area is located in the historic Village of Old Bridge in East
Brunswick and in the western part of Old Bridge Township. In general, the study area
communities contain a mix of older suburban residential development, industrial facilities, and
commercial highway corridors. In recent years, large planned unit residential developments have
been added to these previously single-family home communities. Profiles of the four study area
communities are presented below, followed by a description of flood-prone portions of the study
area.
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3.4.1 Borough Of Sayreville

The Borough of Sayreville, located along the east bank of the South River, is dominated by
single-family residential neighborhoods. However, an increasing number of multi-family units
built in the last two decades have resulted in smaller household sizes. The Borough’s population
in 1990 was 34,988, an increase of 17 percent from 1980 (see Table 1). About 66 percent of the
Sayreville population is between 17 and 65 years of age (EPIC 1998a). Approximately 8 percent
of the Borough’s population, or 2,802 persons, was foreign-bomn, and the most common
languages spoken in the community are English, Polish, Spanish, and Indic.

As indicated in Table 2, the Borough’s 1989 median household income was $46,057, higher than
incomes of the State or Middlesex County. Areas of undeveloped land in the Borough of
Sayreville are increasingly attractive to developers because of the prime location of the Borough
relative to the New York City and Newark metropolitan areas (Borough of Sayreville 1998).

Historically, Sayreville Borough has had a strong industrial and commercial economic base. As
described above, local clay deposits supported a brick industry in Sayreville between 1850 and
1950. While the Borough began as an industrial center in the 19% century, in the mid and latter
parts of the 20™ century the Borough became a bedroom community, with a 1990 population to
job ratio of 4.93. Nevertheless, industrial activity in the borough currently includes E.I. Dupont,
Hercules, Inc., and New Jersey Steel. Sayreville residents are employed in a variety of
industries, as shown in Table 3. Manufacturing provides the greatest share of jobs (21 percent),
followed by retail trade (17 percent), finance/insurance/real estate (10 percent), education
services (6 percent) and health services (6 percent).

Table 1
Population of Study Area Jurisdictions

1970*  1980° 1990* 2000 2010** 2020

Middiesex County 583,813 595893 671,811 722,573 778,933 823,162
Sayreville Borough 32,508 29,969 34008 391983 45584 49,906
South River Borough 15,428 14361 13682 13,834 14,253 14617
East Brunswick Township 34,166 37,711 43548 45035 47841 48514
Oid Bridge Township 48715 51515 56493 62,032 69,573 75570

* Source: U.8. Bureau of the Census; 1970, 1980, 1980; 2000 data not available
** Source: Middlesex County Planning Department.
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Table 2
Median Household income of Study Area Jurisdictions
Percent Change
1978 1988 {1879-1988)

New Jersey $19.800 $40,927 106.70%

Middlesex County $25,023 $45,623 82.30%

Sayreville Borough $24,683 $46,057 86.60%

South River Borough $20,989  $37,998 81.00%

Oid Bridge Township $23,222 $47.482 104.50%

East Brunswick Township $30,498 $58,709 92.70%

South Amboy City $18,544 $37,933 104.50%

Edison Township $25,206  $50,075 98.70%

Woadbridge Township $26,054 $45516 89.20%

Source: U.S. Bureau of the Census

Table 3
Employment by Sector (1989)
Study Area Jurisdictions
Sayreville OoUth  East 5 prdge Middlesex  New
Industry Bgrough B:;:‘ZQ ?.'::v‘:;:f: Tovmshigp County Jersey

Agriculture 60 21 141 188 2,297 38,208
Forestry / Fisheries Q 0 4 7 82 1,953
Mining 27 0 15 14 400 5,066
Construction 1,046 840 1,072 2,003 18,8683 231,328
Manufacturing 3,835 1,779 4,096 5,034 69,634 653436
Transportation /
Comn?uni cation 2,245 537 1,969 3,409 34,046 332,879
Wholesale Trade 1,182 290 1,477 1,931 22,464 207413
Retail Trade 3,222 1,116 3,521 4,708 54,630 587,969
Finance / Insurance /
Real Estate 1,897 420 2,334 4,002 33,651 346,037
Services 4,807 1,622 8,736 8,618 111,372 1,283,940
Public administration 816 269 648 1,229 13,040 180,468

Total 19,137 6,894 24,013 31,054 360,508 3,868,698

3.4.2 Borough Of South River

The Borough of South River is located on the western bank of the South River. Like Sayreville,
the Borough of South River is primarily a residential community. Historically, single-family
residential development overtook industrial development as the dominant form of land use at the
turn of the century. Multi-family dwelling units and apartment complexes have been constructed

Integrated Feasibility Report & Environmental impact Statement 20

48819

5-6-9



48

South River, Raritan River Basin
Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

to meet the changing demographic characteristics and economic needs of the Borough’s
residents.

The Borough of South River’s population in 1990 was 13,692 (see Table 1). Approximately 63
percent of the population is between 17 and 65 years of age (EPIC 1998b), and 18.7 percent is
foreign-born. The languages most commonly spoken in the Borough are English, Portuguese,
Polish, and Spanish. The Borough’s 1989 median household income was lower than the State
and County medians, as shown in Table 2.

South River residents are employed in a variety of industries as shown in Table 3. The industry
employing the highest percentage of Borough residents is manufacturing (26 percent), followed
by services (24 percent), retail trade (16 percent), construction (12 percent) and
finance/insurance/real estate (6 percent). Commercially, South River is primarily a "Needle
Trade" community, producing fine ladies clothing, embroidery, and lace. Other commercial
activities include: trades, sand and gravel, adhesives, road materials, aluminum recovery works,
and general construction. The Central Business District is dominated by family-owned retail
establishments. The most common type of employment is manufacturing (25.8 percent),
followed by retail trade (16.2 percent).

3.4.3 Village of Old Bridge, East Brunswick Township

East Brunswick Township is one of the fastest growing suburban areas in Middlesex County. It
proximity to transportation passenger and commercial transportation make this a desirable
location for residential, commercial, and light-industrial development. (e.g., computer,
electronics, and publishing firms). The Township’s population in 1990 was 43,548, as shown in
Table 1. The Township’s 1989 median household income was higher than the State and highest
in the County as shown in Table 2.

East Brunswick Township residents are employed in a variety of industries as shown in Table 3.
The industry employing the highest percentage of Borough residents is services (36 percent),
followed by manufacturing (17 percent), retail trade (15 percent), finance/insurance/real estate
(10 percent), and transportation/communication (9 percent).

The Historic Village of Old Bridge is located in southeastern East Brunswick Township. It is
bordered on two sides, east and south, by the South River, by the Chestnut Hill Cemetery on the
north and by Route 18 and Old Bridge Turnpike on the west. Old Bridge Village is listed as a
historic district on the New Jersey State, September 1975, and on the National Register, June
1977.

The Historic District Master Plan restricts commercial activity to historically established areas of
use. It confines commercial activities and uses to local or neighborhood-oriented services, sales,
and offices. No new industrial uses are permitted, and will seek to terminate all present
industrial activities. The residential community consists of single- family homes built on lots
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averaging 4,500 square feet. The general density of residences in the district should not be
increased.!

3.4.4 Old Bridge Township

Old Bridge is a rapidly-developing community that is predominantly residential in character with
a very low employment base. The 1990 population to job ratic is 8.99. The highest in
Middlesex County, but is characteristic of some of the surrounding municipalities as shown in
Table 3. The Township’s population in 1990 is 56,493, an increased of 10 percent from 1980 as
shown in Table 1. The Township’s 1989 median household income was higher than the State
and the third highest in the County as shown in Table 2. Old Bridge Township residents are
employed in a variety of industries (see Table 3). The industry employing the highest percentage
of Borough residents is services (27 percent), followed by manufacturing (16 percent), retail
trade (15 percent), finance/insurance/real estate (13 percent), and transportation/communication
(11 percent).

3.5 Land Use

Land use in the South River watershed is a combination of: (1) urban land uses primarily in the
Boroughs of Sayreville and South River and the Townships of Old Bridge and East Brunswick,
(2) limited suburban developments around the Boroughs, and (3) rural land uses. Ongoing
economic development is expected to increase urban and suburban land uses via encroachment
into rural areas of the watershed.

As populations in East Brunswick, South River, and Sayreville increased and brick production
levels fell, much of the land in the study area was developed for commercial, industrial, and
residential uses. Some lands east of the Washington Canal were abandoned and subsequently
reclaimed by vegetation (Kupsch 2000).

The study area is currently dominated by single and multi-family residential land uses. Other
common land uses include privately-owned undeveloped land, public and semi-public uses such
as churches and civic organizations, commercial/industrial uses such as auto dealers,
convenience stores, and a sewage treatment facility, infrastructure such as streets and rights-of-
way, and parks and open space (Borough of Sayreville 1998, Borough of South River 1997).

3.5.1 Land Use in the Borough of Sayreville

Land use in Sayreville Borough is a mix of older suburban residential development; strong
industrial base and highway commercial corridors that in recent decades have been supplemented
by large planned unit residential developments. The Borough’s development continues to be
influenced by its strategic regional location, vacant land and infrastructure availability. The
predominant land use in the Borough is residential land that comprises 2,667 acres, or 22.2
percent of the land area of the Borough. Privately owned undeveloped land constitutes 2,333
acres, or 19.5 percent of the land area and public and semi-public uses, including parks and open

! Township of East Brunswick, NJ, Master Plan, Historic District Amendment, September 1977.
2 Township of East Brunswick. NJ, Master Plan, Historic District Amendment, September 1977,
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space, compromise 2,160 acres, or 18 percent of the Borough’s land area. Industrial uses
account for 1,317 acres or 11.0 percent of the Borough’s land area. Commercial land use
accounts for 578 acres, or 4.8 percent of the Borough’s land area. It should be noted that almost
14 percent of the Borough’s open area is water.

The future development potential of Sayreville is based on development of approved projects not
yet built and future development of vacant land.  Underutilized existing, primarily
nonresidential, sites are identified as potential redevelopment areas. Approximately 224 acres of
privately owned vacant land over two acres in size is zoned residential and could produce 984
units. An additional 524 acres are zoned for residential and nonresidential uses. An estimated
1,550 housing units could be built on these parcels. The nonresidential portion could result in
1,352,538 square feet of commercial and industrial space. Over 1,170 acres of vacant land is
zoned for commercial and industrial uses. A maximum of 24,996,992 square feet of new
commercial and industrial space could be developed under the current zoning ordinance.”

3.5.2 Land Use in the Borough of South River

The Borough of South River is approximately 2.75 square miles, or 1,812 acres, in area. In
addition, the Borough consists of claims 1o approximately 64 acres in water rights pertaining to
the South River (located along the municipality’s eastern boundary) and approximately 0.21
acres of Riparian Grants contained therein. The landmass of the Borough is comprised of an
assortment of land use categories, specifically: residential, commercial, industrial, public, quasi-
public, rights-of-ways, and vacant land. This community is predominantly residential with a
mature suburban character.*

The Borough of South River is 86 percent developed. The predominant land use in the Borough
is residential land that comprises 666 acres, or 37.8 percent of the land area of the Borough.
Privately owned land constitutes 247 acres, or 13.7 percent of the land area and public and semi-
public uses, including parks and open space, compromise 410 acres, or 6.3 percent of the
Borough’s land area. Industrial uses account for 93 acres or 5.2 percent of the Borough’s land
area. Commercial land use accounts for 83 acres, or 4.6 percent of the Borough’s Jand area.

The future development potential of the Borough of South River is based on development of
approved projects not yet built and future development of vacant land. The Planning Board does
not propose any radically different land use concepts that would dramatically change the
character of the community. The continuation of current land development patterns is being
encouraged, while redevelopment is proposed along the perimeter of the Downtown Business
District and along the riverfront. Owners of the remaining few vacant tracts of land are
encouraged to develop them in a manner that will be compatible with the surrounding area.®

3 Heyer, Gruel & Talley, PA, op. cit., p. HI-8 to 11111
* Ibid. , p. 13

* Ibid. , p. 22

¢ Ibid. , p. 127
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3.5.3 Floodplain Management

All of the study area municipalities participate in the National Flood Insurance Program, and, as
required for participation, have adopted floodplain management ordinances in their municipal
codes. In flood insurance rate maps developed by the Federal Emergency Management Agency
(FEMA), the base flood elevation is 10 feet NGVD (FEMA 1986 and FEMA 1987).

3.5.4 Coastal Zone Management

Pursuant to the Coastal Zone Management Act of 1972 and the Coastal Zone Reauthorization
Act Amendments of 1990, New Jersey has defined its coastal zone boundaries and developed
policies to evaluate and issue permits for Projects located within the designated coastal zone.
These policies are set forth in New Jersey’s Rules on Coastal Zone Management (N.J.A.C. 7.7,
7:7E, dated July 18, 1996 and addenda to 7:7 and 7:7E, dated August 19, 1996, and December
1999).

The NIDEP administers the coastal permit program through the Coastal Area Facility Review
Act (CAFRA) (New Jersey State Act [N.J.S.A.] 13:19-1 er seq.), the Wetlands Act of 1970
(N.JS.A. 13:9A-1 et seq.), and the Waterfront Development Law (N.J.S.A. 12:5-3). Each of
these acts provides a slightly different definition of the coastal zone; therefore, the designated
coastal zone consists of the cumulative total of these three definitions.

The Wetlands Act of 1970 (N.J.S.A. 13:9A) defines the coastal zone as all tidally-influenced
wetlands, which includes the wetlands in the study area associated with the South River and
Washington Canal. In addition, the Waterfront Development Law (N.J.S.A. 12:5-3) regulates
any development occurring outside of the CAFRA’s defined coastal zone boundary and in areas
adjacent to tidal water, extending from the mean high water line to the first paved public road,
railroad, or surveyable property line. Thus, the study area is located within the designated
coastal zone under the Wetlands Act of 1970 and the Waterfront Development Law. Therefore,
a Federal Consistency Determination would be required for construction activities that would be
recommended by this investigation.

3.6 Biological Resources

Although the study area has been subject to considerable development and disturbance, the types
and quality of habitats are suitable for a diverse group of migratory and resident wildlife,
including finfish, shelifish, benthic invertebrates, reptiles, amphibians, birds, and mammals.
These habitats include wetland and upland forest, scrub-shrub, and herbaceous communities, in
addition to open water, mudflat, tidal creeks/ditches, and salt marsh communities.

3.6.1 Vegetation

Field surveys indicate that the ecology of the approximately 1,278-acre South River study area is
severely degraded due to the construction and operation of the navigation projects on the Raritan
River, the Washington Canal, and the South River and to the past activities of the Sayreville
brick industry.
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Along the northeastern Atlantic coast, expansive stands of Phragmites have become synonymous
with degraded and altered wetland ecosystems. Historically, Phragmites in salt marshes was
limited to the upper edge of the high marsh, with normal salt marsh vegetation typically
characterized by Spartina patens, Spartina alterniflora, and Juncus gerardi. Over time,
Phragmites has become recognized as a nuisance wetland species. While the rapid expansion of
Phragmites along the Atlantic coast has been attributed to a number of factors, it is clear that
Phragmites can rapidly invade recently disturbed or hydrologically altered wetland areas,
through seed dispersal and rhizome expansion. Tidal restrictions and mosquito ditches are
among the disturbances that promote Phragmites colonization. Once established, Phragmites is
an aggressive plant that can expand outward at rates ranging from | to 20 percent per year.
Phragmites out-competes other wetland vegetation and can thrive in a wide range of hydrologic
and soil conditions. The result of Phragmites invasion is a monotypic vegetative community
with low habitat value for fish and wildlife and minimal biodiversity.

The portion of the study area that was identified as having a higher restoration potential is
located on Clancy Island and along the Washington Canal (see Figure 3). As indicated in Table
4, this area is dominated by wetland habitat (approximately 61 percent} with some successional
upland habitat (39 percent). For purposes of discussion, vegetated areas are divided into
wetlands and uplands in the study area. A cover-type map and detailed descriptions of the
vegetative communities of the study area are available in the South River Wetland Delineation
Report (USACE 1999a) and in the Habitat Evaluation Procedures section of the Jmpact
Assessment and Mitigation Analyses Report (USACE 2002).

Table 4
Land Cover & Land Uses
Restoration Evaluation Area

Acres
Land Cover/lUse {percent of restoration
evaluation area)
Wetlands 786 (61%)
Phragmites 527 (41%)
Uplands 492 (38%)
Developed 234 (18%)
Total 1,278 (100%)
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3.6.1.1 Upland Habitat

Uplands account for approximately 492 acres in the study area. Most of the upland communities
are low-quality and in early successional stages, reclaiming the disturbed areas containing dredge
material and fill material from earlier industrial (brick) activity. Approximately 234 acres of
these uplands are occupied by residential, commercial, and industrial development. The
remaining 258 acres are comprised of eight upland plant communities: herbaceous, cultivated
grass, scrub-shrub/herbaceous, Phragmites, Phragmites/scrub-shrub, scrub-shrub, forest, and
forest/scrub-shrub.

Forest/scrub-shrub is the most common upland community in the study area and is fairly well
distributed throughout the site. Most of the herbaceous and scrub-shrub communities are
representative of early-successional communities that are reclaiming the disturbed areas
containing dredge material. The vegetation is predominantly herbaceous and sparse at the tops
of the dredge material piles and increases in shrub density and height downslope and along the
outer edges of the dredge piles where there is often a transition into monotypic stands of
Phragmites. The upland communities are typically dominated by species such as black cherry
(Prunus serotina), black locust (Robina pseudoaccacia), gray birch (Betula populifolia), winged-
samac (Rhus copallinum), mugwort (4rtemisia vulgaris), tree of heaven (dlanthus altissima),
raspberry and blackberry species (Rubus spp.), switchgrass, little bluestem (Schizochyrium
scoparium), various goldenrod species (Euthamia spp. and Solidago spp.), and invasive weed
species, such as ragweed (Admbrosia artemisiifolia), poison ivy (Rhus radicans), Japanese
honeysuckle (Lonicera japonica), and Japanese knotweed (Polygonum cuspidatum).

3.6.1.2 Wetland Habitat

Most of the wetlands within the South River study area have been subjected to human-induced
alterations, including soil removal, dredge material deposition, brick/asphalt/concrete waste fill,
and ditching for mosquito control.  Extensive residential, commercial, and industrial
development has encroached into the former edges of the wetlands. Wetland filling, including
the disposal of brick material from brick manufacture, has resulted in areas of hydrologic
obstruction and the segregation of formerly contiguous wetlands. In addition, excessive use of
all-terrain recreational vehicles throughout the area has created water-filled ruts and wet
depressions that are often devoid of vegetation.

Despite wetland losses and disturbance, a number of wetland communities remain in the study
area. Approximately 786 acres of wetland are located within the 1,278-acre restoration
evaluation area (61 percent of that area). Nine wetland plant communities have been confirmed
in the South River study area (USACE 1999a): salt marsh, herbaceous, Phragmites (Phragmites
australis), scrub-shrub, herbaceous/scrub-shrub, Phragmites/scrub-shrub, forested, and
forested/scrub-shrub. However, approximately 41 percent (527 acres) of the entire study area is
dominated by mono-specific stands of wetland Phragmites. All tidally influenced wetlands
within the Raritan Bay Estuary, including those found within the study area, are identified as
priority wetlands (i.¢., most important and vulnerable) by the EPA (1994).

Although Phragmites-dominated communities are dispersed throughout the study area, the
highest concentration of Phragmites occurs on Clancy Island. A 5- to 25-foot-wide band of low
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emergent salt marsh, dominated by smooth cord grass (Spartina alterniflora) occupies the
shoreline along the South River and Washington Canal and small pockets on the study area
Island. The largest sections of salt marsh occur in the southwestern reaches of the study area,
where the South River flows beneath the South River/Sayreville Bridge through a storm surge
gate. Other plant species commonly found in the wetland communities include switchgrass
(Panicum virgatum), seaside golderrod (Solidago sempervirens), soft rush (Juncus effusus),
giant goldenrod (Solidago gigantea) narrow-leaved golden-rod (Ewthamia galetorum), sensitive
fern (Onoclea sensibilis), groundsel tree (Baccharis hamilifolia), marsh elder (Jva frutescens),
indigo bush (dmorpha fruticosa), arrow-wood (¥iburnam dentatum), red maple (4cer rubrum),
Japanese honeysuckle (Lonicera japonica), and several small pockets of salt meadow grass
(Spartina patens) and big cordgrass (Spartina cynuseroides).

The results of the EPW assessment are presented in Table 5. This table contains FCI values for
the six wetland functions in Year 2002 for both the East Bank and West Bank areas.

As previously discussed, there 15 an active NJDOT mitigation project to restore approximately 20
acres of salt marsh in an area northwest of the Route 535 Bridge (South River/Sayreville) along
the eastern edge of the Washington Canal. The goal of this project is to restore an existing
monotypic stand of Phragmites to a salt marsh community dominated by Spartina alterniflora
and Spartina patens (NJDOT 2000).

The only freshwater wetland identified in the study area is located in the southern portion of the
study area, east of the South River channel. This 2.7-acre pond is located adjacent to an
industrial facility, a dredge/fill disposal site, and major roadway. The perimeter of the pond is
surrounded by a 5- to 10-foot wide band of scrub-shrub vegetation and is littered with household
rubbish, car tires, and other miscellaneous trash. Despite the ponds’ high algae content and
turbid conditions it is utilized for recreational activities including fishing and swimming and
contains several species of obligate water plants such as water arum (Calla spp.) and pond lilies
(Nuphar spp.).

3.6.2 Fish and Wildlife Resources

Although the study area is located along the urbanized Northeast Corridor, the study area could
support a variety of local and migratory fish and wildlife species. The following sections
provide a brief description of the mammals, birds, reptiles and amphibians, shellfish, finfish,
benthic, and threatened/endangered species resources likely to occur in the South River study
area.

3.6.2.1 Mammals

Approximately 89 species of mammals can be found throughout New Jersey (NJDEP 2000c).
However, based on the availability and types of habitats in the study area, 38 species of
marmmals potentially utilize the study area (Table 6). Twelve of these species were observed in
the study area during field surveys conducted between 1998 and 2000 (USACE 1999a, USACE
1999b, USACE 2001b). Habitat generalists, such as the eastern cottontail rabbit (Syfvilagus
floridanus), eastern chipmunk (Tamias striatus), eastern gray squirrel (Sciurus carolinensis), and
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Table §

FCi Values for East and West Banks

Shoreline Sediment Water Fish Uniqueness
Cover Type Bank Stabilization  Quality  Wildlife Tidal ! Heritage*
East Bank
Salt Marsh 0.26 0.17 0.56 0.22 0.41 1.00
Wetiand
Phragmites 0.00 0.85 0.78 0.16 0.00 1.00
Wetland
Phragmites | 0.00 0.80 0.63 0.65 0.80 1.00
Scrub-Shrub
Wetland Scrub-
Shrub * 0.00 0.74 0.71 0.42 0.00 1.00
Wetland
Herbaceous / 0.00 0.75 0.60 0.51 0.00 1.00
Scrub-Shrub
Wetland
Herbaceous 0.00 0.74 0.65 0.46 0.00 1.00
West Bank
Salt Marsh 0.43 0.37 0.69 0.41 0.52 1.00
Wetland
Phragmites 0.76 0.90 0.77 0.35 0.42 1.00
Wetland Forest 0.71 0.61 0.53 0.64 0.00 1.00

Source: USACE 2002a.

* Based on the rarity of wetlands in northern New Jersey, aill wetland cover types received a value of 1.00.

white-tailed deer (Odocoileus virginianus) were the most commonly observed species. Based on
the HEP field data, the HSI values for the eastern cottontail ranged from 0.58 to 1.00 in the East

Bank and 0.77 to 1.00 in the West Bank (USACE 2002a).

3.6.2.2 Birds

Over 325 bird species are likely to be found throughout the State of New Jersey (NJDEP 2000a,
and Walsh 1999), and 88 of these are likely to occur within the study area (Table 7). According
to the New Jersey Breeding Bird Surveys conducted in the vicinity of the South River study area
from 1993 through 1997, approximately 52 bird species breed within the study area. In addition
to the 52 species known to breed in the study area, a number of additional bird species are likely
to use the area for foraging, migratory stopover sites, and wintering grounds (NJDEP 2000a,
Walsh 1999, Terres 1996, Stokes and Stokes 1996, Ehrlich et al. 1988, DeGraaf and Rudis 1983,

and Peterson 1980).
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Table 6

Mammals Likely to be Found in the Study Area

Order Scientific Name Common Name
Artiodactyla
Odocoileus virginianus White-tailed deer*
Carnivora
Canis latrans Coyote
Vulpes vulpes Red fox*
Urocyon cinereoargenteus Gray fox
Mephitis mephitis Striped skunk
Mustela frenata Longtail weasel
Procyon lotor Raccoon*
Chiroptera
Lasionycteris noctivagans Silver-haired bat
Myotis subulatus Small footed myotis
Lasiurus borealis Red bat
Myotis keeni Keen myotis
Lasiurus cinereus Hoary bat
Eptesicus fuscus Big brown bat
Pipistrelius subflavus Eastern pipistrel
Myotis lucifugus Little brown myotis
Didelphimorphia
Didelphis virginiana Opossum
Insectivora
Cryplotis parva Least shrew
Sorex cinereus Masked shrew*
Scalopus aquaticus Eastern mole
Blarina brevicauda Shorttail shrew
Rodentia
Peromyscus maniculatus Deer mouse
Tamias striatus Eastem chipmunk®
Sylvilagus foridanus Eastern cottontail*
Sciurus carolinensis Eastemn gray squirrel”
Mus musculus House mouse®
Zapus hudsonius Meadow jumping mouse
Microtus pennsylvanicus Meadow vole
Mustela vison Mink
Ondatra zibethicus Muskrat
Ratfus norvegicus Norway rat*
Tamigsciurus hudsonicus Red squirrei
Synaptomys cooperi Southern bog lemming
Glaucomys volans Southern flying squirrel
Clethrinomys gapperi Southern red-backed vole*
Condylura crisfata Starnose mole
Peromyscus leucopus White-footed mouse*
Marmota monax Woodchuck*
Napaeozapus insignis Wocodland jumping mouse

*Observed during field surveys

Source: NJDEP 2000c, USACE 19992, USACE 1999, Walsh 1999, Stokes and Stokes 1986, USACE

19956, Whittaker 1988, Godin 1877, and Burt and Grossenheider 1976.
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Table 7

Birds Likely to be Found in Study Area

Order Scientific Name Common Name
Pelecaniformes Phalacrocorax auritus Double-crested cormorant*
Anseriformes Anas rubripes American black duck*

Aix sponsa Wood duck*

Anas platyrhynchos Mallard™

Bucephala albeola Bufflehead™

Branta canadensis Canada goose*

Mergus merganser Common merganser*

Anas crecca Green-winged teal

Branta bernicula Brant

Aythya marila Greater scaup

Clangula hyemalis Oldsquaw
Charadriiformes Scolopax minor American woodcock™

Sterna hirundo Common termn”

Larus marinus Great black backed gull*

Tringa melanoleuca Greater yellowlegs®

Larus argentatus Herring qull*

Charadrius vociferous Killdeer*

Larus delawarensis Ring billed guli*

Actitus macularia Spotted sandpiper*
Ciconiiformes Botarus lentiginosus American bittern

Nycticorax nycticorax

Black-crowned night heron®

Ardea heroides

Great blue heron®

Casmerodius aibus Great egret*

Ixobrychus exilis Least bittem®

Egreytta thula Snowy egret*

Nycticorax violaceus Yellow-crowned night-heron®
Columbiformes Zenaida macroura Mourning dove®
Coraciiformes Ceryle alcyon Belted kingfisher*
Falconiformes Falco sparverius American kestrel*

Haliaeetus leucocephalus  Bald eagle

Accipiter cooperii Cooper's hawk

Pandion haliaetus Osprey”

Falco peregrinus Peregrine falcon®

Buteo jamaicensis Red-tailed hawk*

Accipiter striatus Sharp-shinned hawk*

Circus cyaneus Naorthem harrier*

Cathartes aura Turkey vuiture®
Galliformes Colinus virginianus Northern bgbwhite”

Phasianus colchicus Ring-necked pheasant*
Gruiformes Fulica emericana American coot*

Rallus longirostris Clapper rail*

Rallus limicola Virginia rait*
Piciformes Picoides pubescens Downy woodpecker*

Picoides villosus Hairy woodpecker*

Colaptes auratus Northern flicker*

Melanerpes carolinus Red-bellied woodpecker
Passeriformes Corvus brachyrhynchos American crow *
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Table 7

Birds Likely to be Found in Study Area

Passeriformes (continued) Carduelis tristis

American goldfinch*

Turdus migratorius American robin®
Spizella arborea American tree sparrow*
Riparia npana Bank swallow*

Hirundo rustica Barn swallow*

Parus atricapillus Black-capped chickadee*
Cyanocitta cristata Blue jay*

Molothrus ater Brown headed cowbird*
Toxostona rufum Brown thrasher*
Thryothorus ludovicianus ~ Carolina wren®
Dumetelia carolinensis Catbird*

Bombycilla cedrorum Cedar waxwing*
Spizella passerina Chipping sparrow*
Quiscalus quiscula Common grackle*
Geothlypis trichas Common yellowthroat*
Junco hyemalis Dark-eyed junco*
Megaceryle alcyon Eastem kingbird*
Stumus vuigars European starling*
Corvus ossifragus Fish crow*

Dumetelia carolinensis Gray catbird*
Myiarchus cninitus Great-crested flycatcher*
Carpodacus mexicanus House finch*

Passer domesticus House sparrow*
Troglodytes aedon House wren
Cistothorus palustris Marsh wren*

Cardinalis cardinalis Northem cardinal®
Mimus polyglottos Northern mockingbird*
leterus galbula Northemn oriole*
Spizella arborea American tree sparrow*
Ammospiza caudacuta Sharp-tailed sparrow*
Carpodacus purpureus Purpie finch*

Agelaius phoeniceus Red-winged blackbird*
Columbia livia Rock dove*

Melospiza melodia

Song sparrow*

Melospiza georgiana

Swamp sparrow*

Parus bicolor

Tufted titrnouse*

Sitta carolinensis

White breasted nuthatch*

Empidonax trailfii

Willow flycatcher*

Dendroica coronata

Yellow-rumped warbler*

Dendroica petechia

Yeliow warbler*

*Observed during field surveys

Source: NJDEP 2000c, USACE 1999a, USACE 1988b, Walsh 1999, Stokes and Stokes 1988,

Terres 1996, USACE 1995b, Erhlich ef al. 1988, and DeGraaf and Rudis 1983,

integrated Feasibility Report & Environmental impact Statement

48819

32

5-6-9



60

m 1 South River, Raritan River Basin

Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

A total of 80 bird species were observed during point count surveys and field surveys conducted
in the study area (USACE 2001b, USACE 1999a, and USACE 1999b). The most commonly
observed bird species included habitat generalists such as the black-capped chickadee (Parus
atricapillus), American robin (Turdus migratorius), song sparrow (Melospiza meloida), house
sparrow (Passer domesticus), house finch (Carpodacus mexicanus), American goldfinch
(Carduelis tristis), northern mockingbird (Mimus polygilottos), mouming dove (Zenaida
macrourg), blue jay (Cyanocinta cristata), crow species (Corvus spp.), and gull species (Larus
spp.). Numerous shorebirds, wading birds, and birds of prey also were observed foraging over
the South River and in mudflats adjacent to the South River study area island.

According to the HEP field data collection efforts concentrated in the East Bank of the South

River study area, the HSI values in Table 8 were generated for the five bird species selected as
evaluation species (USACE 2002).

Table 8
HSI Values in East Bank
Yellow American

Cover Type Black Duck Clapper Rail Marsh Wren Warbler Woodcock
Wetlands
Salt Marsh .31 0.14 0.88 NA* NA
Wetland Phragmites 0.05 0.38 0.45 0.05 NA
Wetland Phragmites / ‘
Scrub-Shrub 0.08 0.45 0.3 0.65 0.33
Wetland Forest/
Scrub-Shrub 0.06 0 e 0.52 0.55
Wetland Scrub-Shrub 0.08 0.45 0.15 0.56 0.32
Wetland Herbaceous 0.2 o] 0.34 0.1 0.39
Wetland Herbaceous /
Scrub-Shrub 0.14 047 0.19 0.41 0.32
Mudfiat 0.06 0.64 0 o] NA
Open Water 0.01 o] 4] NA NA
Uplands
Upland Phragmites / )
Scrub-Shrub NA ; NA NA c.28 0.18
Upland Forest NA NA NA 0.21 0.5
Upland Forest / Scrub-
Shrub NA NA NA (.58 0.55
Upland Grass 0 NA NA o] 0.41
Upland Herbaceous 0.03 NA NA 0.06 0.39
Upland Herbaceous
Scrub-Shrub NA NA NA 0.37 0.31
Upland Scrub-Shrub NA NA NA 0.58 0.36
Disturbed NA NA NA 0.02 NA
*“ NA = not applicable
Source: USACE 2002.
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According to the HEP field data collection efforts concentrated in the West Bank of the South
River study area, the HSI values in Table 9 were generated for the five bird species selected as
evaluation species (USACE 2002).

Table 8
HS! Values in West Bank
American Yellow American
Cover Type Black Duck  Clapper Rail Marsh Wren Warbler Woodcock
Wetlands
Salt Marsh 0.45 0.77 0.87 NA* NA
Wetland Phragmites 0.13 0.46 0.38 Q NA
Wetland Phragmites /
Scrub-Shrub 0.22 0.75 0.37 0.37 0.36
Wetland Forest 0.21 NA 0 0.20 0.46
Wetland Forest/
Scrub-Shrub 0.21 0 0.01 0.73 0.51
Mudfiat 0.22 0.77 0 0 NA
Open Water 0.02 0 4] NA NA
Uplands
Upland Phragmites |
Scrub-Shrub NA NA NA 0.44 0.27
Upland Forest NA NA NA 0.23 0.52
Upland Forest/
Scrub-Shrub NA NA NA 0.46 055
Upland Grass 0.01 NA NA 0 0.41
Upland Herbaceous
Scrub-Shrub NA NA NA 0.35 0.23
Upland Scrub-Shrub NA NA NA 0.38 0.38
Disturbed NA NA NA 0 NA

* NA = not applicable
Source: USACE 2002a.

3.6.2.3 Reptiles and Amphibians

Reptiles and amphibians occupy a wide diversity of habitats during their lifecycle, including
vegetated uplands, permanently and seasonally flooded vegetated wetlands, and open water. Of
the 68 species of reptiles and amphibians that may occur in New Jersey, 17 species are likely to
occur within the study area (NJDEP 2000b, Behler 1995, USACE 1995b, Conant and Collins
1991, and DeGraaf and Rudis 1983). A list of these species is provided in Table 10.

Incidental observations of reptiles or amphibians during field surveys include: eastern box turtle
(Terrapenne carolina), diamond-backed terrapin (Malaclemys terrapin), common garter snake
(Thamnophis sirtalis), snapping turtle (Chelydra serpenting), Fowler’s toad (Bufo woodhousii
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fowleri), spring peepers (Hyla crucifer), and black rat snake (Elaphe obsolete) (USACE 2001b,
USACE 19992, and USACE 1999%b).

Table 10

Reptiles & Amphibians Likely to Be Found In the Study Area

Order Scientific Name Common Name

Anura

Bufo woodhousii fowleri Fowler's toad*

Hyla crucifer Northern spring peeper*
Caudata

Plethodon cinereus Red-backed salamander
Salientia

Hyla versicolor Common gray tree frog

Rana catesbeiana Bullfrog

Rana clamitans melopota  Green frog

Rana palustns Pickerel! frog
Squamata

Elaphe obsoleta Black rat snake*

Thamnophis sirtalis Common garter snake*

Nerodia sipedon Northern water snake
Testudines

Clemmys muhlenbergii Bog turtle

Terrapenne carolina Eastern box turtle*

Chrysemys picta Eastem painted turtle

. Northern diamondback

Malaclemys terrapin terrapin®

Chelydra serpentina Snapping turtie*

Clemmys guttata Spotted turtle

Sternotherus odoratus Stinkpot turtle

“Observed during field surveys
Source: NJDEP 2000b, USACE 19993, USACE 1998b, Walsh 1999, Stokes and Stokes 1998,
Terres 1996, Behler and King 1995, USACE 1995b, Conant and Collins 1991, Erhlich et al.
1988, DeGraaf and Rudis 1983, Godin 1977, and Burt and Grossenheider 1976.

3.6.2.4 Shellfish

There are no commercial shellfish populations located in the South River (USACE 1995b). Soft-
shell clams (Mya arenaria) were reported in the Raritan River in 1957-1960 (Dean and Haskin
1964), but this species probably cannot tolerate the low salinity levels in the South River. Blue
crabs are harvested near the confluence of the Washington Canal and the Raritan River and were
common in bottom trawl catches in a section of the South River near the Route 535 Bridge
during May and September, 2000 (USACE 2001b).

3.6.2.5 Finfish
Aquatic habitats in the South River and in the Washington Canal function as a typical east coast

estuary. It serves as nursery area for permanent and temporary resident larval and juvenile fish,
and reproductive waters for freshwater and anadromous fish populations. Finfish found in the
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river include the American eel (Anguilla rostrata), American shad (4losa sapidissima), alewife
(dlosa pseudoharengus), blueback herring (dlosa aestivalis), bluefish, largemouth bass
(Microprerus salmoides), yellow perch (Perca flavescens), white perch (Monroe americana),
brown bullheads (4merius melas), and silversides species (4therinidae spp.).

Three finfish surveys have been conducted in the South River in recent years. The first was an
electroshocking survey conducted by the NJDEP Division of Fish, Game, and Wildlife in the
South River during August 1994 (Barno 1995, data summarized in USACE 1995b). Fish
sampling was also conducted using gill nets, seines, minnow traps, and trap nets at a number of
locations around the Island during the summer of 1998 (USACE 2000a).  The third survey was
completed in May and September 2000 with a bottom trawl in the main channel of the South
River in the vicinity of the Route 535 Bridge (USACE 2002). Relative abundance information
(numbers caught) was available for the two Corps surveys, but not for the 1994 NJDEP survey.

A total of 37 species were identified in these three surveys, including six anadromous species,
one catadromous species, two estuarine species, 16 marine species, and 12 freshwater species
(Table 11). White perch constituted almost 30 percent of the total catch in 1998. Other
commonly caught species included Atlantic menhaden (Brevoortia tyrannus), inland silversides
(Menidia berlyllina), and mummichogs (Fundulus heteroclitus). Of particular note from these
surveys were: (1) the presence of juvenile blueback herring, which suggests that the South River
may be used as a spawning habitat for this anadromous species, (2) the presence of juvenile
menhaden, which indicates that the South River may be a nursery area for this species, and (3)
the presence of shad, which have been reported to be reproducing naturally in the Raritan River.
A few striped bass, bluefish, crevalle jacks (Caranx hippos), silver seatrout (Cynoscion nothus),
and striped mullet (Mugil cephalus) were also collected.

3.6.2.6 Benthic Resources

No literature was found relating to benthic sampling in the South River. However, benthic
sampling programs conducted in the Raritan River near the confluence of the South River, and in
some of the freshwater tributary streams in the vicinity of the South River, are representative of
the study area benthic community (Table 12). The low density of benthic macroinvertebrates
recorded in the Raritan River near the mouth of the South River is likely due to stress induced by
fluctuating salinity levels (Dean and Haskin 1964).

3.6.3 Threatened and Endangered Species

This section identifies and discusses the presence of Federal- and state-listed plant and animal
species potentially occurring in the general vicinity (i e., within a two-mile radjus) of the study
area. It also identifies significant habitats such as designated critical habitat and rare plant
communities known to occur within or near the study area. Table 13 summarizes the endangered
and threatened species identified by the NJDEP, Natural Heritage Program (NHP), and the
USFWS and includes species that have been directly observed by field personnel.
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Table 11

Finfish Known to Occur in the Study Area

48819

Species Type Scientific Name Common Name
Alosa pseudoharengus  Alewife
Alosa sapidissima American Shad
Anadromous Alosa aestivalis Blueback Herring
Alosa mediocris Hickory Shad
Morone saxatilis Striped Bass
Clupeidae Unidentified Herring
Catadromous  Anguilla rostrata American Eel
Estuarine Fundulus heteroclitus Mummichog
Morone americana White Perch
Microgadus tomecod Tamcod
Brevoortia tyrannus Atlantic Menhaden
Opisthonema oglinum Atlantic Thread Herring
Anchoa mitchilli Bay Anchovy
Pomatomus saltatrix Bluefish
Caranx hippos Crevalle Jack
Trinectes maculatus Hogchoker
Menidia beryllina Inland Silverside
Marine Cynoscion nothus Silver Seatrout
Leiostomus xanthurus Spot
Mugil cephalus Striped Mullet
Anchoa hepsetus Striped Anchovy
Cynoscion regalis Weakfish
Pleuronecltes americanus Winter Flounder
Brevoortia smithi Yellowfin Menhaden
Atherinidae Unidentified Silverside
Amerius melas Black Bullhead
Lepomis macrochirtus Bluegill
letalurus nebulosus Brown bulthead
Dorosoma cepedianum  Gizzard Shad
Notemigonus Golden shiner
Micropterus salmoides  Largemouth Bass
Freshwater P "
Lepomis gibbosus Pumpkinseed
ictiobus bubalus Smalimouth Buffalo
Amerius calus White Catfish
Pomoxis annularis White Crappie
Perca flavescens Yellow Perch
Catostomidae Unidentified Suckers
Sources: USACE 2001b, and Bamo 1995.
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Table 12

Benthic Macroinvertebrate Species Likely to Occur in South River

Taxon

Species {Scientific Name)

Annelida

Oligochaeta

Naidae (LPIL)

Lumbriculidae (Lpil)

Tubificidae (LPIL)

Unidentified

Polychaeta

Eteone alba

Heteromastus filiformis

Nereis succinea

Polydora ligni

Spio filicornis

Spio setosa

Streblospio benedicti

Arthropoda

Amphipoda

Carinogammarus mucronatus

Cirripeda

Balanus improvisus

Decapoda

Cambarinae (LPIL)

Calfinectes sapidus

Cragon septemspinosa

Rhithropanopeus harrisi

Insecta

Chironomidae (LPIL)

Corydalidas (LPIL)

Hydrophilidae (LPIL)

Hydropsychidae (LPIL)

Odonata

Polycntropodidae (LPIL)

Sialidae (LPIL)

Simulidae (LPIL)

Tipulicae

Hirudinea

Unidentified

Hydroida

Cordylophora lascustris

Moilusca

Pelecypoda

Macoma sp.

Mya arenaria

Gastropoda

Unidentified

Sphaeridae {LPIL)

Osteroida

Crassostera virginica

Platyhelminthes

Turbellaria

Turbellaria (LPIL)

Key: LPIL = lowest possible identification level
Source: Dean and Haskin 1964, and Kurtz 1935
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Table 13
Threatened and Endangered Species Sighted Within or
Identitied by Agencies as Possibly Occurring in the Study Area

Scientific Name Common Name Federal Status* State Status

Plants

Helionas bullata Swamp Pink T E
Amphibians/Reptiles

Clemmys muhlenbergii Bog Turtle T E
Birds

Botarus lentiginosus American Bittern™ E/S

Haliagetus leucocephalus Bald Eagle T E

Rynchops niger Biack Skimmer™ E

Circus cyaneus Northern Harrier** B/

Falco peregrinus Peregrine Falcon E

. Yellow-crowned Night

Nyctanassa violacea Heron™ T

Pandion haliaetus Osprey™ T

Nycticorax nycticorax glzrzz—irowned Night s

Ammodramus hensiowii Henslow's Sparrow E

Podilymbus podiceps Pied-billed Grebe E/S

* Key: E = endangered; T = threatened; S = stable; T = threatened; U = undetermined, not enough information
available to determine status ‘
** Sighted during USACE field sampling activities

Sources: NJDEP 2000d, NJDFGW 2000a, NIDFGW 2000b, USACE 2000, USFWS 2000a, USACE 1996a,
USACE 1998b, and USFWS 1988, :

3.6.3.1 Federal Species of Concern

Under Section 7(a)(2) of the Federal Endangered Species Act (87 Stat. 884, as amended; 16
U.S.C. 1531 et seq.) all Federally-listed rare, threatened, and endangered species are legally
protected (USFWS 1999). The USFWS evaluated the study area from the Raritan River, south
to Old Bridge for the presence of any Federally-listed species. Based on the USFWS search, no
federally endangered or threatened wildlife species have been identified within the boundaries of
the study area (USFWS 1999, and USACE 1998). However, the Federally-listed threatened bald
eagle (Haliaeetus leucocephalus) (USFWS 2000a) may utilize habitats in the general vicinity of
the study area (USACE 1998) and the Federally-listed threatened bog turtle (Clemmys
muhlenbergii) (USFWS 2000a) has been documented in Middlesex County (NJDEP 2000d)..
However, due to the lack of suitable habitat for the bog turtle (i.e., marshy meadows and slow-
moving rivulets), this species is not likely to occur in the study area. No incidental sightings of
the above mentioned species were made during field surveys conducted in June and December
1998, October 1999, and March, May, August, and September 2000 (USACE 2001b, USACE
1999a, and USACE [999b).

No Federally-listed threatened or endangered vascular plant species are documented as occurring
within the study area (USFWS 1999, and USACE 1998). The Federally listed swamp pink
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(Helonias bullata) has historically occurred within the general vicinity of the study area,
specifically in the Township of Old Bridge, NI. The last confirmed record for the swamp pink in
the general vicinity of the study area was in 1946 (NJDEP 2000d). It is not anticipated that this
species or its likely habitat would be affected by Federal action to address flooding problems
associated with hurricanes and other storms or ecosystem restoration along the South River
(USFWS 1999, and USFWS 2000a). No incidental sightings of Federally-listed endangered or
threatened plant species were made during field activities in June and December 1998, October
1999, and March, May, August, and September 2000 (USACE 2001b, USACE 1999a, and
USACE 1999b).

3.6.3.2 State Species of Concern

The NJNHP evaluated an area extending from the Raritan River Road Bridge north to the
confluence of the South River and Raritan River, including Washington Canal, for the presence
of any species of special status, including those plant and wildlife species listed rare, threatened,
or endangered by the State of New Jersey. Based on the NINHP’s record search, five wildlife
species were identified as possibly occurring in the “general vicinity” (i.e., within approximately
two miles) or “possibly on” the study area (NJDEP 2000d). Specifically, the state-endangered
northern harrier (Circus cyaneus) was listed as possibly occuiring in the study area; the state-
endangered Henslow’s sparrow {dmmodramus henslowii), bog turtle, and pied-billed grebe
(Podilymbus podiceps), and the state-threatened yellow-crowned night-heron (Myctanassa
violacea) were listed as potentially occurring within the general vicinity of the study area. As
mentioned above, the lack of suitable habitat for the bog turtle makes this species unlikely to
occur in the study area.

During field surveys, the state-endangered black skimmer and northemn harrier, as well as a
peregrine falcon (Falco peregrinus), were observed foraging above the study area. In addition,
the state-threatened yellow-crowned night heron, osprey (Pandion haliaetus), black-crowned
night heron (Nycticorax nicticorax), and American bittern were observed during field surveys in
1999 and 2000 (USACE 2001b, USACE 1999a, and USACE 1999b). An osprey was also
observed next to a nest on a buoy tower located at the confluence of the Raritan and South River
channels.

There are no documented occurrences of state-listed threatened or endangered vascular plant
species within the study area (NJDEP 2000d, NJDFGW 2000a, NJDFGW 2000b, and USACE
1998). However, the NJDEP has identified the state-listed swamp pink as potentially occurring
in Middlesex County (NJDEP 2000d). There were no incidental sightings of state-listed
endangered or threatened plant species during field activities conducted in June and December
1998, October 1999, and March, May, August, and September 2000 (USACE 2001b, USACE
1999a, and USACE 1999b).

The NJDEP, NHP, and The Nature Conservancy have identified two species of special concemn
that may occur within the study area (NJDEP 2000d). While not legally protected, special
concern species have the potential to be legally protected if populations decline further, therefore
they warrant consideration. The yellow giant hyssop (Agastache nepetoides), and the fritillary
butterfly (Speyeria idalia) are documented by NJDEP to have historically occurred within the
general vicinity of the study area (NJDEP 2000d). However, according to records from the
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NJIDEP, both species are presumed to have been extirpated (NJDEP 2000d). There were no
incidental sightings of any species of special concern during field activities conducted in June
and December 1998, October 1999, and March, May, August, and September 2000 (USACE
2001b, USACE 1999a, and USACE 1999b).

3.6.3.3 Designated Critical Habitat

Evaluations of the study area by NJDEP and USFWS did not reveal any designated critical
habitats within the South River study area (NJDEP 2000d, and USFWS 1999).

3.6.3.4 Essential Fish Habitat

The 1996 amendments to the Magnuson-Stevens Fishery Management and Conservation Act set
forth a number of new mandates for the National Marine Fisheries Services (NMFS), regional
fishery management councils (Councils), and other Federal agencies to identify and protect
important marine and anadromous fish habitat. The Councils, with assistance from NMFS, are
required to delineate “essential fish habitat” (EFH) for all managed species. Federal action
agencies which fund, permit, or carry out activities that may adversely impact EFH are required
to consult with NMFS regarding the potential effects of their actions on EFH, and respond in
writing to the fisheries service’s recommendations. In addition, NMFS is required to comment
on any state agency activities that would impact EFH (NMFS 1998).

Based on the amendments to the Magnuson-Stevens Fishery Management and Conservation Act,
the New England Fishery Management Council (NEFMC), Mid-Atlantic Fishery Management
Council, South Atlantic Fishery Management Council, and NMFS have compiled and assigned
EFH designations for species and life stages of fish, shellfish, and mollusks in Raritan Bay.
Although NMFS has not assigned any EFH designations for the South River study area, its
proximity to the Raritan Bay requires that an EFH impact assessment report be prepared in
advance of Federal action to address flooding problems associated with hurricanes and other
storms and/or ecosystem restoration opportunities along the South River.

The NMFS, in accordance with the NEFMC, have assigned 15 species with EFH designation that
may occur in the vicinity of the South River study area. In order to verify the presence/absence
of these species in the study area, a literature review was conducted to compare the species
habitat requirements to the existing environment of the study area. In addition, the above fish
surveys of the South River study area were performed. Based on the scientific literature and
survey results, bluefish and winter flounder (Plewronectes americanus) were the only EFH
species inhabiting the waters of South River (USACE 2000a, USACE 2000b, and Barno 1995).

3.7 Cultural and Historic Resources

Under NEPA and other statutory requirements, the Corps has certain responsibilities for the
identification, protection, and preservation of cultural and historic resources that may be
impacted by proposed Federal action. Presemt statutes and regulations governing the
identification, protection and preservation of these resources include the National Historic
Preservation Act of 1966 (NHPA), as amended through 1992, the National Environmental Policy
Act of 1969, Executive Order 11593, the regulations implementing Section 106 of the NHPA (36
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CFR Part 800, Protection of Historic Properties, May, 1999), the Abandoned Shipwreck Act of
1987, and the Corps of Engineers Identification and Administration of Cultural Resources (33
CFR 305). Significant cultural resources include any material remains of human activity eligible
for inclusion on the National Register of Historic Places (NRHP). The following discussions
summarize cultural, prehistoric, and historic resources of the study area.

3.7.1 Cultural Resources

The South River cultural resources investigation supplemented cultural resources research
conducted as part of the 1983 cultural resource investigation for the Lower Raritan River
Multipurpose Study and as part of the 1985 survey report for flood control in the Raritan River
Basin. Recent cultural resource reports, updates of the National Register of Historic Places and
the New Jersey Historic Bridge Survey were consulted for additional study area information.

Supplemental research was conducted at the New Jersey Historic Preservation Office, the New
Jersey State Museum and the New Jersey State Library. Studies by others were also evaluated
including a 1990 archaeological investigation at the Sayre and Fisher Brickworks and Price
Pottery Site prepared as part of a waterfront development proposal.

Cultural resource investigations performed in support of the South River feasibility study include
the following. In 1995, a cultural resource investigation was conducted of the South River study
area, specifically the Townships of East Brunswick and Old Bridge and the Boroughs of
Sayreville, South River, and Spotswood. In 2001, a Phase I cultural resource survey was
performed in the Boroughs of Sayreville and South River. As a result of these investigations,
cultural resources were documented within the study area even though the terrain in the study
area was found to be over 90 percent disturbed by excavation, dredging, and fill activities.

3.7.2 Prehistoric Resources

Numerous prehistoric sites have been documented in Middlesex County. There is only one
documented prehistoric site within the South River watershed (Site 28Mi9). This site, which was
previously disturbed by housing construction, would not be impacted by implementation of
potential HSDR or ecosystem restoration measures along the South River. The site is not within
the current Area of Potential Effect (APE) and therefore was not subjected to subsurface
investigations.

3.7.3 Historic Resources

The historical archeological investigation of the South River study area, undertaken as part of the
larger Lower Raritan River Multipurpose Study, was conducted to the level of a cultural resource
reconnaissance. This involved the examination of pertinent historical material relating to the
study area and a pedestrian survey designed to locate surface indications of historical
archeological sites. In addition, the architectural resources of the study area were examined.
The survey identified a large number of potentially significant features, both architectural and
archeological in nature. These represent the full range of the region’s history and include sites of
transportation, industrial, agricultural, and domestic significance.
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A cultural resources investigation was conducted for the original “Lower Raritan River
Multipurpose Study” undertaken by the Corps in 1982 (Louis Berger & Associates, Inc. 1983).
This study included an examination of published and unpublished documents, pedestrian survey,
and subsurface testing at selected sites. Several cultural resource investigations have been
conducted since the original 1982 Corps study entitled “Lower Raritan River Multipurpose
Study” (USACE 1982; Louis Berger & Associates, Inc. 1983; USACE 1995; Panamerican
Consultants, Inc. 2001). These investigations characterize the area as one dominated by the
brick industry due, no doubt to the readily available high quality clay in the vicinity. The
remains of these brick industry structures are mostly not extant. Evidence for subsurface
remains of the structures has been encountered in the study area (Panamerican Consultants, Inc.
2001).

3.8 Air Quality

The EPA assesses overall air quality according to the National Ambient Air Quality Standards
(NAAQS) for six criteria pollutants: carbon monoxide (CO), lead (Pb), nitrogen dioxide (NO2),
ozone (03), particulate matter (PM), and sulfur dioxide (SO2). Commonly cited sources of
criteria pollutants include automobile exhaust emissions, fossil fuel (coal and oil) fired power
plants, oil refineries, ore smelters, storage and transfer operations involving solvents, and
industrial emissions, among others (USEPA 1998).

The study area is located in the New York-Northern New Jersey-Long Island Consolidated
Metropolitan Statistical Area (CMSA). According to the National Air Quality and Emissions
Trends Report (USEPA 1998), the New York-Northern New Jersey-Long Island CMSA is
considered a nonattainment inaintenance area for CO and is classified as an extreme/severe
nonattainment area for O3 (NJDEP 1999b). The study area is also located within the Middlesex-
Somerset-Hunterdon, New Jersey Primary Metropolitan Statistical Area (PMSA). Air quality
trends from 1988 to 1997 in this PMSA have shown a decrease in CO, Pb, particulate matter,
S$02, and one measure of O3, while a second measure of O3 showed no significant change
(USEPA 1998). In addition, the U.S. EPA has recently stated that the area will be designated as
attainment for CO effective October 22, 2002 (67 FR 54575).

The USEPA’s Pollution Standards Index (PSI) is a measure of community-wide air quality based
on daily measured concentrations of six criteria pollutants. The PSI index corresponds to a
health descriptor that ranges between 0 and 500: 0-50 is good, 50-100 is moderate, 100-200 is
unhealthful, 200-300 is very unhealthful, and >300 is hazardous. PSI values reported for
Middlesex County in 2001, exceeded 100 only two times out of 182 reported values for that year.
The air quality in Middlesex County was “good” for 79 percent of the reported data during 2001.

3.9 Noise

Noise is generally defined as nnwanted sound. Noise regulations in residential communities are
based on residents’ reaction to environmental noise that have been studied through community
social surveys and analyzed together with data on physical noise levels that have been measured
or estimated (Fields 1990). The day-night average sound level (Ldn) is the most widely used
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descriptor of community noise levels. The unit of measure of the Ldn is the A-weighted decibel
(dBA), which closely approximates the frequency responses of human hearing.

The primary source of noise in the South River study area is from: (1) vehicular traffic on local
roadways, (2) New Jersey Transit passenger rail traffic, and (3) commercial aircraft
arriving/departing Newark International Airport, which is approximately 12 miles away (by air).
In lieu of field measurements, the noise levels in the study area can be approximated by studying
existing land uses and identified noise sources and comparing them to published average noise
levels for those land uses. The USEPA (1978) document, “Protective Noise Levels,” lists typical
day-night sound level ranges for various environmental noises. Highly developed residential,
industrial, and commercial areas are the dominant noise sources in the study area. Mean outdoor
day-night sound levels characteristic of these sources range from 60 to 80 dBA (USEPA 1978).
However, sound levels greater than 80 dBA are also likely to occur given the nature and
frequency of passenger rail transits through the study atea and commercial aircraft
approaching/departing Newark International Airport.

3.10 Recreation

Recreational activities in the study area include use by all-terrain vehicles, boaters, birders, and
fishermen. Shore access points allow entry for boating and fishing. Numerous marinas,
boatyards, and public landings are available in the Boroughs of South River and Sayreville and
in Old Bridge. Although there are no designated wildlife refuges or preserves in the study area,
the South River supports estuarine wildlife populations and provides opportunities for land- and
water-based wildlife observation, particularly resident and migratory wildfowl.

The Boroughs of South River and Sayreville maintain several open spaces, town parks, and
recreational areas in the study area. The most notable of these include the Edward A. Grekoski
Memorial Park (formerly Bissett’s Pond Park or Recreation Area) and Varga Park and
Recreation Area (Pacer’s Field) in South River, and Old Bridge Park in Sayreville Keystone Park
(MMOCA 1998, and USACE 1998). In addition, the Borough of Sayreville maintains 20 acres
of undeveloped parkland north of the Sayreville/South River Bridge (Borough of Sayreville
1998). There are no state or county parklands or recreational areas in the study area. However,
as part of its Green Acres Program, NJDEP owns approximately 115 acres of undeveloped land
south of the study area in Sayreville. There are two small Green Acre parcels located in the
study area along the South River. One parcel is located near the Sayreville/South River Bridge;
the other is the Varga Park and Recreation Areas and is located west of Clancy Island (see map
located in Environmental Appendix D — NJDEP Response to Comments).

There is currently no commercial boat traffic on the Washington Canal and South River. Small
recreational vessels are the sole users of this waterway. The Rivers End Marina in Old Bridge,
and the South River Boat Club, both of which berth small pleasure craft, are the primary users of
the channel. Boat traffic on these waterways is seasonal and ranges from light to moderate.

3.11 Aesthetics

Currently, the study area offers limited aesthetic and scenic resources due to its
developed/disturbed nature. The majority of the South River channel is bounded by private
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property, and access is restricted. Areas of saltmarsh and mudflat, unique communities in the
study area, are only visible via boat on the Washington Canal and South River or from the bridge
between Sayreville and South River (Route 535).

3.12 Hazardous, Toxic, and Radioactive Wastes

As part of the Hazardous, Toxic, and Radioactive Wastes (HTRW) analysis, sub-surface soil and
surface water samples were collected. These samples were collected in those areas potentially
impacted by implementation of HSDR, mitigation, or ecosystem restoration actions. The
number of samples collected per area ranged from five to twenty-eight, depending on the size of
the area being characterized. The following analyses on soil and water samples were conducted:
Target Compound List Volatile Organic Compounds (TCL VOC, Target Compound List Semi-
volatile Organic Compounds (TCL SVOC), Pesticides/PCB’s and RCRA Metals.

HTRW characterization was accomplished in three phases. The first phase (completed in April
1997) investigated the area on the west side of the South River channel and on the riverbank
upstream of the Veteran’s Memorial Bridge. Only one sample, SR2-B2, located at the former
South River Causeway Bridge at Jackson Street, yielded elevated numbers. In RCRA metals,
lead came up above the New Jersey Department of Environmental Protection Residential Direct
Contact ~ Soil Cleanup Criteria (NJDEP-RDCSCC) and for the SVOC’s benzo(a)anthracene,
benzo(p)pyrene and benzo(b)fluoranthene. Per the DEP’s April 12, 1999 revision of the
RDCSCC, lead and the SVOC’s are now below threshold levels. This area would not be
impacted by project implementation. ‘

The second phase (completed in December 1998) collected soil and surface water samples
around the perimeter of and within the interior of Clancy Island. A total twenty-soil/sediment
samples were collected along with eight surface water samples. These 28 samples were
collected in a grid pattem. Soil/sediment samples were analyzed for VOC/SVOC,
Pesticides/PCB’s, Target Analyte List Metals (the TAL Metals list contains the same metals as
the RCRA Metals list, except TAL analyzes 23 metals and RCRA has eight). The samples on
the north end of the island, directly facing the main flow of the Raritan River were the ones most
noted for SVOC’s, PCB’s, and arsenic and beryllium. The SVOC numbers exceed the
RIDCSCC, and all except one were below the Non Residential Direct Contact SCC levels
(NRDCSCC). PCB numbers were 30 per cent above the RDC level but substantially below the
NRDC threshold. Locations on the north end of the island with the high numbers had high levels
of arsenic and beryllium. Five interior island samples had elevated numbers for arsenic. These
levels ranged from barely above threshold to three times threshold.

The third phase (completed in September 2000) collected sub-surface soil samples from the east
or Sayreville side of the planned footprint of the levee. Five samples were collected and
analyzed for VOC, SVOC, Pesticides/PCB’'s and RCRA Metals. Only one constituent yielded
elevated numbers. The arsenic in sample SB-1-2 was 23 PPM and the RDC-SCC threshold is 20
PPM. Sample SB-1-2 is located on the north/northeast leg of the planned levee. This area is
adjacent to the local sewer authority’s pump station. Construction of a levee in this area could
potentially be impacted by the elevated arsenic levels. However, it should be noted that the
sample is marginally above state levels and well within the range of background concentrations
of native soils (USGS Professional Paper 1270). The NJDEP “Historic Fill” database summary
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table (Appendix D to the Technical Requirements of Site Remediation 7:26E) indicates a range
of arsenic concentrations of 0.05 — 1,098 PPM. The latter is typical of disturbed urban soils.

The HTRW investigation did not identify any significant HTRW issues in the South River study
area. No HTRW contamination was found within portions of the study area potentially affected
by the project. In addition, based on the industrial history of the study area (i.e., brick
manufacture), it is unlikely that any HTRW problems would be encountered during project
construction. While one soil sample suggested the presence of relatively low levels of arsenic,
concentrations are within the range found in native soils, a possibility which is supported by the
geology of the study area. Irrespective of the source of arsemic, identified concentrations would
not pose a health hazard during construction or thereafter to construction workers or to study
area residents.

3.13 Transportation and Other infrastructure

As described above, the navigation channel of the South River and Washington Canal connects
communities along the South River with the Raritan River. The authorized project is a 12-foot
deep, 100-foot wide channel in the Washington Canal for a distance of 0.8 miles upstream of the
Raritan River and then a 12-foot deep, 150-foot wide channel in the South River to Old Bridge.
This waterway does not support commercial navigation, and the only users are recreational
boaters.

The study area is located within the New York metropolitan region with direct access to
excellent road, rail, and air networks. A network of arterial and collector streets and highways
provide access to regional highways, such as State Route 18, the Garden State Parkway, and the
New Jersey Turnpike. The Garden State Parkway lies east of the study area and is directly
accessible from the Borough of Sayreville via Main Street, which passes east-west through the
borough. The Borough of South River is directly accessible to State Route 18 and the New
Jersey Turnpike, which lies a mile to the north. The majority of roads in the study area are
classified as local streets, which primarily function to provide access to abutting residential
properties.

New Jersey Transit Corporation provides commuter rail service to study area communities. The
nearest stations are in New Brunswick, to the west, along the Northeast Corridor line and in
South Amboy, to the east, along the North Jersey Coast line. The railway provides access to
regional and national rail facilities. New Jersey Transit also provides bus service directly to New
York City from the study area.

The study area also contains a network of active and inactive commercial freight rail tracks. The
rail line approximately one-half mile to the south of Route 535 is an active freight line, formerly
part of the Raritan River Railroad network. The rail line that crosses the South River
approximately 2.5 miles to the south of Route 535 is also an active freight line belonging to the
successors of Conrail.

At the confluence of the Washington Canal and the Raritan River, there is a wastewater
treatment plant on the east side of the Canal serving the Borough of Sayreville. Protection of this
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facility from flooding was established early in plan formulation as a desirable component of any
HSDR plan.

* 4. NO-ACTION ALTERNATIVE / FUTURE WITHOUT- PROJECT CONDITION

The without-project condition was determined by projecting conditions in the study area over a
50-year period of analysis (2010-2059). In the absence of Federal action, flooding problems
associated with hurricanes and other storms in the study area are expected to continue. These
problems may be exacerbated by increased damage potential in the floodplains of communities
along the South River based upon increases in the values of structures and contents, and by sea
level rise. It is anticipated that the degraded condition of the study area ecosystem {e.g., low
levels of species diversity and abundance) will continue into the future in the absence of Federal
action.

The no-action alternative reflects the continuation of existing economic, social, and
environmental conditions and trends within the affected area. Implicit in taking no action would
be the continuation of Federally subsidized flood insurance coverage for property owners that is
currently available through the National Flood Insurance Program and the enforcement of local
floodplain zoning ordinances.

Failure to provide the South River study area with hurricane and storm damage protection
measures could, in the predictable occurrence of a significant flood, contribute to the loss of life
and physical as well as environmental damage to study area communities. Significant flooding
can result in the overtopping of sewage treatment works, contamination of drinking water
supplies, dispersion of hazardous, toxic, and/or radioactive waste (HTRW) and dispersion of
large quantities of solid waste. Experience has shown that vast quantities of debris (e.g., homes,
vehicles, mobile homes, etc.) and sediment must be removed from the floodplain afier a flooding
event. The physical removal of the debris from the floodplain typically involves large, heavy
equipment and requires the removal of trees and vegetation to provide points of ingress and
egress for the cleanup equipment. Hauling the collected debris to the local municipal landfill
requires significant transportation resources, and involves huge quantities of solid waste that fill
available landfill space.

4.1 Study Area Conditions That Are Unlikely To Change

Some existing conditions are not expected to undergo significant change during the period of
analysis (2010-2059). For example, most aspects of the physical setting are expected to remain
largely unchanged over the planning period, specifically: geology. physiography, topography,
and soils. In addition, no significant changes are anticipated for cultural and historic resources,
air quality, noise, HTRW, aesthetics, and infrastructure.

4.2 Study Area Conditions That Are Likely To Change

It is likely that other aspects of existing conditions are likely to change during the period of
analysis. In particular, it is likely that several study area conditions related to flooding would
undergo some changes over time. Ongoing urbanization of the South River watershed could
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exacerbate flood risks by accelerating runoff from the watershed during storms. Sea level rise
could affect flood elevations during storm surges. Growth and development in the study area
communities could increase people and property at risk to flooding, although future increases in
vulnerability would be mitigated by municipal floodplain management ordinances.

It is possible that there could be additional biological degradation in the study area. However,
field investigations and an understanding of how and where Phragmites expands have
determined that the existing Phragmites in the study area has nearly completed colonization of
areas that would support this invasive species. Due to the domination of much of the study area
wetlands by Phragmites, the very low biological diversity of much of the study area cannot be
further degraded.

In addition to continuing development of the study area communities, the principal
socioecopomic change in the study area would be continuing growth of recreation demand.
Demand for recreation opportunities is expected to result from increases in population, income,
and leisure time.

* 5. PURPOSE OF AND NEED FOR PROPOSED ACTION / PROBLEMS AND
OPPORTUNITIES

Plan formulation for the South River multipurpose feasibility study has been conducted in
accordance with the six-step planning process described in Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies (1983)
and the Planning Guidance Notebook (1105-2-100, dated April 2000). The six steps in the
iterative plan formulation process are:

+ Specify the water and related land resources problems and opportunities of the study
area;

+ Inventory and forecast existing conditions;
+ Formulate altemative plans;

+ Evaluate alternative plans;

+ Compare alternative plans; and

+ Select the recornmended plan.

5.1 Problems And Opportunities

As described above in discussions of existing conditions and without-project future conditions, it
is anticipated that in the absence of Federal action, flooding in the study area will continue to
threaten human life, safety, well-being, and cause significant economic damages. Flooding
problems may be exacerbated by floodplain development and sea level rise. In the absence of
Federal action, it is anticipated that the study area ecosystem will remain in a degraded
condition, with wetland areas dominated by Phragmites.
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There is a significant opportunity for Federal action in the study area to reduce hwrricane and
storm damages and to restore degraded ecosystems and thereby address adverse effects of
Federal navigation projects in the Raritan River and in the Washington Canal. Technical studies
conducted as part of this investigation indicate that the construction and maintenance of the
Washington Canal and perhaps the Raritan River navigation channels significantly contributed to
ecological degradation in the study area.

The predevelopment condition of much of the study area — including Clancy Island and the east
bank of the Washington Canal — appears to have been forested uplands. Accordingly, it would
not be feasible 1o restore the existing low-lying wetlands, which were formed by clay excavation,
to their “original” or “predevelopment™ condition. However, restoration to a more ecologically
valuable condition is feasible and could restore vital tidal saltwater marsh habitat along the
Raritan River that was once abundant and is currently scarce in the State of New Jersey.

Tidal saltwater marshes, which are classified as EPA priority wetlands, can support diverse and
thriving communities that provide spawning and nursery habitats for commercially valuable
anadramous fish (e.g., striped bass, shad, herring, bluefish and weakfish [Cynoscion regalis)) and
for shellfish (e.g., blue crabs and oysters {Crassosterea virginica]), as well as many species of
waterfow! that nest and/or use the marshes as a migratory stopover. There are few diverse, fully-
functional tidal wetlands remaining in the study area or the larger Raritan River Basin. In areas
along the mainstem Raritan River and tributaries where Spartina-dominated marshes still exist,
they have become degraded and are subject to Phragmites encroachment. As in the case of the
South River study area, where Spartina still persists, it has been relegated to the margins of the
Phragmites marsh. As a result, ecosystem restoration along the South River would provide an
important contribution to the local and regional ecology in the New York metropolitan area.

There is a significant opportunity to address these problems in a single, integrated project.. The
non-Federal project partner, NJDEP, is fully supportive of measures to address flooding
problems and ecosystem degradation along the South River. In addition, the local governments
of the Boroughs of Sayreville and South River also support Federal action in this area. It is also
expected that implementation of an integrated project would result in cost efficiencies for both

project purposes.

5.2 Planning Objectives, Constraints, and Key Assumptions

The following discussions identify critical objectives, constraints, and assumptions used during
formulation of alternative plans to address problems and opportunities of Federal interest along
the South River.

5.2.1 Planning Goals And Objectives

The Federal objectives in making investments in water resource projects are to contribute to
National Economic Development (NED) and National Ecosystem Restoration (NER). The
pursuit of planning objectives must be consistent with Federal, State and local laws and policies,
and technical, economic, environmental, regional, social, and institutional considerations.
Recommended plans should avoid, minimize, and then mitigate, if necessary, adverse project
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impacts to the environment. They should also maximize net economic benefit (for HSDR
features), avoid adverse social impacts, and meet local preferences to the fullest extent possible.

The specific planning objectives for the South River study area are to reduce hurricane and storm
damages and to restore degraded ecosystems. An additional objective for this study is to
integrate HSDR measures and ecosystem restoration measures in a single, integrated project that
efficiently and effectively accomplishes the multiple project purposes.

In pursuit of the goal to reduce hurricane and storm damages in the study area, the following
objectives for HSDR were established:

* Reduce the threat of potential future damages due to the effects of tidal flooding from the
mouth of the South River to the Duhernal Lake Dam.

¢ Protect and maintain traffic corridors to ensure the operability of emergency and rescue
facilities during storm events.

» Provide a plan that is compatible with future HSDR and economic development
opportunities. Any plan considered for implementation must not contravene or preclude
other plans to address the needs and well-being of those who live in and work in the
basin.

» Avoid and minimize adverse environmental and ecological impacts.

In pursuit of the goal to restore degraded ecosystems in the study area, the following restoration
objectives were established:

» Increase biodiversity of habitat,
* Restore under-represented habitat;
® Restore habitat for rare or special-interest species;
o Increase tidal flushing of wetlands;
s Stabilize/protect existing desirable wetland habitats;
» Reduce Phragmites;
* Improve water quality; and
e Increase recreational opportunities (as a secondary consequence of restoration activities).
5.2.2 Public Concerns
A public scoping meeting was held in the study area on July 16, 1998. Corps representatives

discussed flooding problems associated with hurricanes and other storms and ecosystem
restoration opportunities along the South River with interested parties, and solicited their input to
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the study. Specifically, local interests and the public at large were invited to identify their issues
and concemns regarding the direction, process, and potential findings of this investigation.

5.2.3 Planning Constraints

The formulation and evaluation of alternative plans was constrained by a variety of
considerations. The planning constraints used to guide this feasibility study are listed below:

.

Technical constraints include the need for plans to be: (1) sound, safe, and acceptable
solutions, (2) in compliance with sound engineering practice, (3) realistic and state-of-
the-art, (4) consistent with existing local plans, and (5) complete and not dependent on
future projects. '

Economic constraints include: 1) the need for HSDR features to be efficient (i.e., average
annual benefits exceed average annual costs); 2) the requirement to select the HSDR plan
that maximizes net excess benefits (i.e., the NED plan) unless there are overwhelming
reasons to select a different plan and an exception is granted by the Assistant Secretary of
the Army (Civil Works); and 3) the requirement to conduct a cost effectiveness and
incremental cost analysis to identify the plans which maximize contributions to NER at
the least cost (“best buy” plans).

Environmental constraints affecting the formulation and selection of HSDR features
include the need for plans to: (1) not unreasonably impact environmental resources, (2)
first consider avoidance followed by minimization, mitigation, and replacement, and (3)
incorporate measures to enhance significant environmental resources where opportunities
exist.

Environmental constraints affecting the formulation and selection of ecosystem
restoration features include the need for plans to: 1) be evaluated in a systems context in
order to improve the ability of the features to function as self-sustaining systems; 2) be
formulated in consideration of intended and unintended effects, both on and off of the
project site; and 3) be formulated recognizing the attainable restoration state, given the
influences of human activities and culturally induced changes in the landscape which are
likely to persist and influence system conditions after project completion.

Regional and social constraints include the need for plans to: (1) weigh the interests of
State and local public institutions and the public at large, and (2) consider the potential
impacts of the project on other areas and groups.

Institutional constraints include the need for plans to: (1) be consistent with existing
Federal, State and local laws, (2) be locally supported, (3) provide public access to the
project in accordance with Federal and State laws and regulations, and (4) find overall
support in the region and state.
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5.2.4 Critical Assumptions Guiding Plan Formulation

Critical assumptions guiding plan formulation for HSDR and ecosystem restoration include the
following:

+ The project will be designed based on a 50-year project life.

e A Preconstruction Engineering and Design phase that will include development of a
Design Documentation Report and Plans and Specifications will follow the feasibility
phase.

e Prevailing Federal discount rate (.06125) will be utilized in cost/benefit estimation.

e The line of protection and interior drainage features are separately formulated and
optimized.

o Hurricane and storm damages in the study area will worsen and ecosystem degradation
will continue in the absence of Federal action.

* 8. ALTERNATIVES INCLUDING PROPOSED ACTION / PLAN FORMULATION
AND EVALUATION

A variety of structural and nonstructural plans were evaluated to satisfy the study objectives and
constraints. Formulation and evaluation of the alternative plans was conducted consistent with
Federal water resources policies and practices, including the Economic and Environmental
Principles and Guidelines for Water and Related Land Resources Implementation Studies (P&G,
1983) and the Corps Planning Guidance Notebook (ER-1105-2-100). As stipulated by this
guidance, the alternative plans were evaluated by comparing conditions expected under with-
and without-project scenarios.

The purpose of South River plan formulation is to first identify all possible structural and

nonstructural measures that may be applicable to the flooding problems associated with'

hurricanes and other storms and ecosystem restoration opportunities. An iterative screening
process then reduces the alternative plans to those that are potentially technically, economically,
and institutionally feasible. Those plans with greatest potential are then subjected to more
detailed evaluation.

The following discussions of South River plan formulation include these sections:
» Identification of alternative plans,
s Screening of alternative plans,
¢ Plan evaluation and comparison, and

« Selection of the NED plan and the NER plan.
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Parallel discussions of HSDR plan formulation, HSDR mitigation, and ecosystem restoration
plan formulation are presented. This organization is appropriate for two reasons. First, plan
formulation activities for these project purposes were conducted concurrently. Second, no
conflicts are expected between these project purposes. Instead, it is anticipated that
implementation of these diverse project purposes will lead to cost efficiencies.

6.1 ldentification of Alternative Plans

The initial step in plan formulation is to identify those structural or nonstructural measures that
may be effective in addressing the flooding problems associated with hurricanes and other
storms and ecosystem restoration opportunities and be suitable for the planning contexts in the
study area. The following sections describe the process and results of the initial evaluation of
alternative plans for HSDR and for ecosystem restoration.

6.1.1 No-Action Alternative

For HSDR and ecosystem restoration plan formulation, the no-action alternative is equivalent to
the without-project conditions described previously. This alternative precludes Federal action to
address flooding problems associated with hurricanes and other storms or ecosystem restoration
opportunities. It represents the default condition if a Federal project is not recommended and
provides a reference for evaluation of with-project future conditions.

The no-action plan fails 1o meet any of the study objectives. Under this alternative, flooding
problems associated with hurricanes and other stonms along the South River would continue with
recurrent threats to life and property, and degraded conditions of study are ecosystems would be
unchanged.

The no-action alternative would not be accompanied by potential adverse environmental and
other impacts associated with implementation of a HSDR plan. However, this alternative would
also not result in hurricane and other storm damage reduction or beneficial environmental
effects.

6.1.2 Alternative Hurricane and Storm Damage Reduction Measures

The following discussions of the identification of alternative HSDR measures are divided into
three sections; delineation of hurricane and storm damage reaches, potential structural measures,
and potential nonstructural measures.

6.1.2.1 Damage Reaches

The South River study area was divided into five reaches based on damage reaches (see Figures
4a and 4b). These reaches were used to evaluate the costs of structural and nonstructural HSDR
measures and to estimate the benefits of the alternative plans, based on avoided hurricane and
storm damages.
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The five reaches are delineated as follows:

¢ Reach 1: Right bank of the South River in Old Bridge Township.

e Reach 2: Left bank of the South River in the Historic Village of Old Bridge immediately
downstream of Reach 1.

e Reach 3: Left bank of the South River in the Borough of South River.

e Reach 4: Right bank of the South River and the Washington Canal in the Borough of
Sayreville, across from Reach 3.

s Reach 5. Right bank of South River just downstream from the Historic Village of Old
Bridge (Reach 2).

Reach 1 (Old Bridge Township), Reach 2 (Village of Old Bridge), and Reach 5 (East Brunswick
Township) are upstream reaches. Reach 3 (Borough of South River) and Reach 4 (Borough of
Sayreville) are downstream reaches.

Figures 4a and 4b illustrate the mature development and dense population of the study area.
Table 14 presents the result of the inventory of flood-prone structures in the 100-year and 500-
vear floodplains. As indicated in this table, there are 1,399 residential and 198 non-residential
structures in the 500-year floodplain. For additional information about the inventory of flood-
prone structures, see the Economics Appendix (Appendix E).

The without-project future condition for the flood-prone areas within the study area assumes a
stable level of development. Since floodplain regulations minimize new construction in areas
that are subject to damage by the 100-year flood, it was assumed that future reallocations of new
residential, commercial, and industrial uses are not likely. If the areas are considered to remain a
viable segment of the respective communities in the future, the most probable future is expected
to be one of a stable, nearly fully-developed floodplain with relatively few new developments.

Tabile 14
Residential & Nonresidential Structures
in the 100-year and 500-year Floodplains
Residential Structures

By Reach*
Floodplain R1 R2 R3 R4 R5 Total
100-year 27 65 400 400 57 1.082
500-year 64 108 452 452 57 1,398

Non-Residential Structures

By Reach
Floodplain R1 R2 R3 R4 RS Total
100- year ¢ 10 26 26 2 165
500-year 2 16 26 26 2 198

* Reach numbers denoted by “R”
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A

6.1.2.2 Water Surface Elevations and Hurricane and Storm Damage
Potential

Table 15 and Table 16 present the water surface elevations with standard deviations associated
with various flood events under Year 2000 and Year 2059 without-project conditions. The Year
2059 water surface elevations in Tables 15 and 16 reflect a 0.826 foot increase in sea level at the
study area during the 50-year period of analysis. A storm surge model incorporated sea level rise
into storm surge water surface elevations. Based on the analysis, the sea level is expected to rise
0.014 feet per year. Development of the storm surge model and estimation of the effects of sea
level rise are presented in the Hydrology, Hydraulics, and Design Appendix (Appendix A). This
appendix also included detailed discussions of statistical procedures used to account for
uncertainty in estimation of water surface elevations associated with storm events of specific
exceedance probabilities.

Table 15
Reaches 3and 4
Water Surface Elevations
Without Project Conditions (2000, 2053)

Water Surface Water Surface

Elevation Standard Efevation Standard

Exceedance Year 2000 Deviation Year 2059 Deviation
Probability (feet NGVD) (feet) {feet NGVD) (feet)
0.5 6.9 0.43 7.7 0.43
0.2 8.7 0.63 9.5 0.62
0.1 10.1 1.33 10.9 1.33
0.04 11.8 1.58 12.7 1.57
0.02 13.3 213 14.1 213
0.01 14.7 3.14 16.5 3.13
0.005 16.1 3.48 16.9 3.46
0.002 18 2.77 18.8 277

6.1.2.3 Structural Hurricane and Storm Damage Reduction Measures

Based on the physical layout of the study area, the flood hydrology, and the profiles of structures
at risk, it was determined that the following structural HSDR measures could potentially be
applied to flooding problems associated with hurricanes and other storms in the study area: (1)
floodwalls and levees, (2) storm surge barrier, (3) stream modification, and (4) detention basin.
These structural measures are described below.

Floodwalls and Levees: Floodwalls and levees are intended to provide protection against
flooding to homes, commercial buildings, municipal buildings, roadways and bridges. While
floodwalls and levees provide a cost-effective means to prevent flooding of low-lying areas,
interior drainage facilities are required to handle stormwater ponding behind them.
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Table 16
Reaches1,2,and §
Water Surface Elevations
Without Project Conditions {2000, 2059)

Water Surface Water Surface

Elevation Standard Elevation Standard

Exceedance Year 2000 Deviation Year 2059 Deviation
Probability (feet NGVD) {feet) {feet NGVD) (feet)
0.5 7.2 0.41 8 0.41
0.2 9 Q.85 9.8 0.85
0.1 10.4 1.28 11.2 1.29
0.04 122 1.66 13.1 1.66
0.02 136 2.28 14.5 2.28
0.01 15 3.48 15.9 3.48
0.005 16.4 334 17.3 3.34
0.002 18.3 2.64 19.1 264

Storm Surge Barrier: Storm surge barriers are designed to reduce damages associated with
storm surges. Storm surge barriers provide storm surge flood protection to all structures located
upstream of the barrier. While the storm surge barrier provides flood protection against storm
surges, it will not address fluvial flooding generated by runoff from the basin upstream of the
barrier. The barrier traps watershed runoff behind it, requiring interior drainage facilities.

Stream Medifications: Stream modifications are used to protect communities against riverine
flooding and stream blockages. Stream modifications can include dredging, channel deepening
and widening, as well as modification of bridge and culvert openings. While stream
modifications can be an effective means to prevent fluvial flooding, they are not effective against
tidal flooding conditions and were dropped from further consideration.

Detention Basins: Detention basins are used to attenuate the peak flow rate of run-off by
temporarily storing large volumes of stormwater, then releasing them at a controlled rate of flow.
While detention basins can be an effective means to lowering stream water surface elevations,
they are only effective against riverine flooding and were dropped from further consideration.

6.1.2.4 Nonstructural Hurricane And Storm Damage Reduction Measures

Nonstructural measures were fully considered in plan formulation. However, nonstructural
measures were screened out early in plan formulation due to: (1) the number, age, condition, and
location of flood-prone structures in the study area as identified through the inventory of flood-
prone structures. and (2} water surface elevations associated with storm surges of various
probabilities of exceedance. Some nonstructural measures were identified as potentially
applicable to HSDR in South River communities, including: (1) acquisition of flood-prone
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property, (2) floodplain zoning, (3) floodproofing, and (4) flood warning. These nonstructural
measures are described below.

Acquisition of Flood-Prone Properties: Permanent evacuation of the floodplain involves
acquisition of land and structures by fee purchase or by exercising powers of eminent domain.
Following acquisition, all structures and improvements are demolished or relocated.

Floodplain Zoning: Through proper land use regulation, floodplains can be managed to ensure
that their use is compatible with the severity of a flood hazard. Several means of regulation are
available, including zoning ordinances, subdivision regulations, and building and housing codes.
Their purpose is to reduce losses by controlling the future use of floodplain lands. As indicated
above, the Boroughs of Sayreville and South River and the Townships of Old Bridge and East
Brunswick already participate in the National Flood Insurance Program and manage floodplain
land uses consistent with the program. Most of the buildings in the study area were built prior to
the adoption of zoning and are not subject to current floodplain zoning regulations. Therefore,
zoning can not be considered independently of as a long-term mitigation solution for hurricane
and storm damage to existing structures. However, it is a necessary component of a
comprehensive hurricane and storm reduction plan.

Floodproofing: Floodproofing is a body of techniques for reducing hurricane and storm
damages by adjustments to structures and to building contents. It involves keeping water out of
the structure, as well as reducing the effects of inundation. Nonstructural adjustments, such as
elevating structures, can be applied by an individual or as part of a collective action either when
flood-prone buildings are under construction or through retrofitting of an existing structure.

Flood Warning: Flood warning systems can be utilized to warn property owners of pending
floods and provide time for their evacuation and relocation of movable property subject to
hurricane and storm damage. Ahhough a state-of-the-art flood warning systemn would increase
the awareness of the citizenry and allow for a more orderly evacuation of residents, a waming
system alone would not provide sufficient time to significantly reduce hurricane and storm
damages.

6.1.3 Alternative Mitigation Measures

As required by NEPA, all practicable means should be taken to avoid and minimize
environmental damages. Consequently, the proposed levee/floodwall was specifically sited in
upland areas wherever possible. However, in some areas it was necessary to locate portions of
the selected plan in wetlands due to the developed nature of the area and a lack of available
space. The alignment in these wetland areas was further refined to avoid natural features such as
great blue heron and great horned owl nests, and to nunimize wetland impacts. In addition, a
detailed mitigation plan was developed to offset the adverse and unavoidable impacts associated
with the selected plan.

The mitigation goal was to develop an array of mitigation alternatives/actions that individually or
combined will replace at least 100% of the combined loss of Average Annual Habitat Units
(AAHUs) summed across evaluation species, 100% of the Functional Capacity Units (FCUs)
summed across wetland functions, and at least 50% of the loss of AAHUs per evaluation species
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and 30% of the FCUs lost per function, as a result of implementation of the selected HSDR
measures. The process of identifying alternative mitigation measures involved: determining
which areas would best be suited for mitigation, and conducting a preliminary screening to
identify measures with potential applicability to this planning context. These activities are
summarized below.

6.1.3.1 Mitigation Areas

To facilitate the formation of mitigation plans, the study area was divided into on-site and off-
site components. Three onsite mitigation areas were evaluated: (1) on the island, (2) on the East
Bank (east of the Washington Canal and adjacent to an existing NJDOT mitigation site), and (3)
on the West Bank (to the west and south of the South River). The island area was removed from
consideration as a potential area for onsite mitigation due the difficulty of access and the
associated costs of mobilization/demobilization of construction equipment.

A tota] of eight offsite areas were evaluated as potential mitigation sites; however, these sites
were eliminated from further consideration based on the following conditions:

* Low potential for ecological improvement (i.e., poor hydrologic conditions);
» Acquisition issues (i.e., designated as a superfund site or landfill);

o Significant  costs  associated  with  offsite  mitigation  activities (ie,
mobilization/demobilization costs will be higher and mitigation activities will take place
separately from flood control construction activities); and,

» Distance from the impact area (i.e., in order to preserve the ecological integrity of an
area, mitigation areas should be located as close as possible to impact areas).

6.1.3.2 Potential Mitigation Measures
To achieve the mitigation goal, a screening analysis was conducted to evaluate the feasibility of
the following three potential mitigation measures:
1)  Improvement/enhancement of the available habitat on the proposed levee (e.g., plant
shrubs to improve songbird habitat);

2)  Improvement/enhancement of existing habitats (e.g., increase the density/cover of the
vegetation by planting more shrubs and/or herbaceous species); and,

3)  The conversion of one habitat/cover type to another more valuable habitat (e.g., convert
areas of Phragmites to salt marsh or wetland scrub-shrub).
6.1.4 Alternative Ecosystem Restoration Mecasures
The process of identifying alternative ecosystem restoration measures involved dividing the

study area into restoration areas and conducting a preliminary screening to identify measures
with potential applicability to this planning context. These activities are summarized below.
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6.1.4.1 Restoration Areas

To facilitate formulation of ecosystem restoration plans, the study area was divided into five
areas (Figure 5; note: Area 6 is a mitigation area). Three areas are located on Clancy Island:
Area 1 (145.6 acres), Area 2 (195.9 acres), and Area 3 (56.8 acres). Area 4 (119.2 acres) is an
undeveloped marsh located adjacent to the Sayreville/South River Bridge.

Area 5 is an undeveloped, highly disturbed area located east of the Washington Canal, between
the canal and a residential community. Based on field surveys, Area 5 appears to be situated on
historic dredge material that was placed during the original dredging of the Washington Canal.
This site is dominated by upland habitats, including upland disturbed, upland scrub-shrub, and
upland herbaceous. Area 5 has been removed from consideration as a potential restoration site
for the reasons outlined below:

The predominant cover type is upland scrub-shrub, which is desirable for migratory bird
habitat,

Structural HSDR measures (e.g., levees) for Sayreville would bisect the area, limiting the
restoration potential of the site,

Excavation of material in Area 5 would not be economically feasible due to the high
volume of material and the shortage of nearby disposal sites,

The area is currently the most ecologically diverse site within the study area, and

A portion of this area (approximately 20 acres) has recently undergone ecosystem
restoration as part of the NJDOT mitigation project described previously.

6.1.4.2 Potential Restoration Measures

Restoration of the tidal wetlands, aquatic environs, and uplands characteristic of a Phragmites-
dominated mid-Atlantic mesohaline estuary, such as the South River study area, would typically
involve the following measures:

Control Phragmites via excavation, burning, spraying, or other measures,

Prepare potential wetland areas (e.g., excavate soil material to establish salt marsh
hydrology favorable to Spartina and poorly-suited for Phragmites),

Regrade existing channels and mosquito ditches (e.g., to promote salt marsh hydrology,
increase fish habitat, and restore edge communities), and

Plant native vegetation to speed restoration and prevent re-establishment of Phragmites.

Integrated Feasibility Report & Environmental impact Statement 81

48819

5-6-9



89

Project Location

1000

1000 Feet

FIGURE 5
Potential Restoration Areas 1-6

48819

5-6-9



90

South River, Raritan River Basin
Hurricane and Storm D Reduction and E tem Restoration Study

8 ¥

6.2 Screening of Alternative Plans

Screening alternative plans includes an assessment of the potential engineering, economic,
environmental, institutional, public, financial, and institutional feasibility of alternative HSDR
and ecosystem restoration measures. Those plans that are not screened out are carried forward
for more detailed analysis. The process and results of screening of alternative plans are
discussed below. The no-action alternatives for HSDR and ecosystem restoration were the first
alternatives to be screened out, since they would not meet the planning objectives for the study
area.

6.2.1 Screening of Aiternative Hurricane and Storm Damage Reduction
Plans

On the basis of a preliminary feasibility assessment, several structural alternatives for HSDR
were screened out early in plan formulation. Specifically, stream modification and detention
basins were eliminated from more detailed study, since they would not provide protection from
storm surges, which are the primary cause of hurricane and storm damages.

Analysis of the nonstructural measures to reduce hurricane and storm damages eliminated most
of these measures as potential stand-alone altematives. However, some measures were carried
forward as potential complements to structural measures. The screening of nonstructural
measwres is summarized below:

e Floodplain Zoning: It was concluded that floodplain zoning would not be effective,
since most of the floodplain was developed before community participation in the
National Flood Insurance Program.

» TFloodproofing: With 1,247 structures in the 100-year floodplain, floodproofing was
found to be prohibitively expensive, since a majority of structures would require
costly raising. In addition, floodproofing can create a false sense of security and
discourage timely evacuations.

¢ Flood waming: warning systems can be utilized to warn property owners of pending
floods and provide time for their evacuation and relocation of movable property
subject to flood damage. Although a state-of-the-art flood waming system would
increase the awareness of the citizenry and allow for a more orderly evacuation of
residents, a warning system alone would not provide sufficient time to significantly
reduce property damages due to flooding.

* Acquisition: permanent evacuation of the floodplain involves acquisition of land and
structures by fee purchase or by exercising powers of eminent domain. With 1,247
structures in the 100-year floodplain, the depreciated replacement cost of structures
(approximately $224 million) and relocation costs make acquisition prohibitively
expensive.

As a result of the screening process, three nonstructural measures (acquisition, floodproofing,
and flood warning) were carried forward as potential complements to the levee/floodwall
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alternative for protection of upstream areas, if a storm surge barrier was not feasible (technically,
economically, or institutionally). Specifically, these nonstructural alternatives (in the Historic
Village of Old Bridge) were being considered to work in conjunction with the “levees/floodwalls
only” option for protection in Reach 3 and Reach 4.

Consequently, the initial screening of HSDR alternatives resulted in the following structural and
nonstructural measures being carried forward for more detailed investigations: (1) storm surge
barrier, (2) floodwalls and levees, (3) acquisition of flood-prone properties, (4) floodproofing,
and (5) flood warning.

6.2.2 Screening of Alternative Mitigation Plans

As described in the South River Impact Assessment and Mitigation Analysis (GSACE 2002), the
mitigation goal was to develop an array of mitigation alternatives/actions that individually or
combined will replace at least 100% of the combined loss of Average Annual Habitat Units
(AAHUs) summed across evaluation species, 100% of the Functional Capacity Units (FCUs)
summed across wetland functions, as a result of implementation of the selected HSDR measures.
Given the difficulty in assessing trade-offs of AAHUs among indicator species and of FCUs
among different wetland functions, the mitigation goal also included replacing a minimum of 50
percent of the total AAHUs lost per indicator species and 50% of the FCUs lost per function.

Based on the three potential mitigation measures identified in Section 6.1.3.2, it was determined
that levee improvements, such as planting shrubs on the landward side of the levee to create
upland scrub-shrub habitat, would increase the quality of the habitat for wildlife, and would
reduce the overall impacts of the selected plan. It was also determined that improvements of
existing habitat would not be possible. Therefore, habitat conversion would be necessary to
mitigate for HSDR activities. Two potential mitigation areas that contained wetland Phragmites
and upland disturbed habitat were identified - the East Bank and the West Bank (Section
6.1.3.1). Evaluation of habitat conversion alternatives resulted in the selection of five potential
habitat conversions in each area:

East Bank
Wetland Phragmites (WPH) to Salt Marsh (SM)
Wetland Scrub-Shrub (WSS)
Wetland Herbaceous/Scrub-Shrub (WHSS)
Upland Disturbed (DIST) Wetland Scrub-Shrub (WSS)
Wetland Herbaceous/Scrub-Shrub (WHSS)
West Bank

Wetland Phragmires (WPH) to Salt Marsh (SM)

Wetland Herbaceous/Scrub-Shrub (WHSS)
Upland Disturbed (DIST) Wetland Scrub-Shrub (WSS)

Wetland Herbaceous/Scrub-Shrub (WHSS).

All possible combinations of the five habitat conversions, from zero 1o 20 acres, or 200 percent
{which is a ratio of 2:1) of the wetland acres impacted by the selected plan, were evaluated,
creating 53,130 potential mitigation alternatives. Results from the HEP and EPW assessments
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were used to calculate outputs for each mitigation alternative. Those alternatives that resulted in
no net gain in ecological or wetland functional value were eliminated from further analysis. This
screening resulted in 15,837 potential mitigation alternatives for the East Bank and 230 for the
West Bank.

6.2.3 Screening of Alternative Ecosystem Restoration Plans

Early in ecosystem restoration plan formulation, 11 restoration options were identified as having
potential application to the study area. These options consisted of alternative habitat types that
could be established or restored in the South River study area. They were evaluated using the
following parameters: potential ecological benefits, methods of implementation, requirements for
success, performance standards, and potential costs. The options were then ranked according to
ecological benefits, engineering constraints, environmental constraints, and likelihood of
success. The score assigned to the potential benefits of each habitat was weighted according to
the restoration objectives. Based on this initial screening, the following four highest-scoring
habitat types were selected for detailed consideration:

¢ Low emergent marsh,
¢ Intertidal mudflat,
» Wetland forest shrub-scrub, and

s Open water (i.e., tidal creeks and tidal ponds).

6.2.3.1 Combinations of Restoration Measures into Alternative Plans

As described in detail in the South River Ecosystem Restoration Plan (USACE, 2001), potential
combinations of these four priority habitats were then generated by combining them in different
ratios {using 5 percent, 10 percent, 15 percent, 20 percent, 30 percent, 40 percent, 50 percent, 60
percent, 70 percent, and 80 percent) that added up to 100 percent. The only cover type targeted
for conversion was wetland Phragmites. To promote habitat diversity, all four habitats were
included in each combination. Also, the analysis was limited to a minimum of 3 percent and a
maximum of 50 percent of each habitat type considered for each restoration option except for
salt marsh, because of its designation as a priority wetland in New Jersey. The result was 167
possible habitat “ratio combinations.” These combinations were applied to the four restoration
areas at four “scales” of restoration (25 percent, 50 percent, 75 percent, and 100 percent). The
scales refer to the percent of degraded acreage to be restored in ¢ach area. The result was 16
restoration “scenarios” (four scales of restoration in four areas).

The 167 ratio combinations were applied to each restoration scenario, and the ecological outputs
in AAHUs for the 50-year period of analysis were calculated using the Habitat Evaluation
Procedures (HEP). The process that was used to identify the ecological outputs (i.e., AAHUs) of
each ratio combination for each restoration scenario is described below:

1) Calculate the acreages for all 16 restoration scenarios based on the percent of each habitat
type identified in the 167 ratio combinations, resulting in 167 habitat type acreage
combinations for each restoration scenario.
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2) Multiply the HSI values for the targeted habitat types by the acreages to calculate the
number of HUs for each of the six selected species.

3) Add the HUs for all six species together to obtain total HUs attributable to restoration for
each ratio combination for each restoration area.

4) Subtract the number of future HUs associated with the future no-action condition of
wetland Phragmites (HSI for Phragmites multiplied by the number of acres restored)
from the total number of HUs attributable to restoration. The difference (net gain or loss)
in HUs was used to calculate the number of AAHUs for all 167 ratio combinations for
each restoration scenario.

5) Eliminate the ratio combinations for which implementation would result in a negative
AAHU (i.e, no net gain or ecological output) from further analysis, resulting in 131 ratio
combinations for Areas 1-3 and 145 ratio combinations for Area 4.

6.2.3.2 Potential Effects of Sea Level Rise

The advantages and disadvantages of addressing sea level rise as part of plan formulation were
discussed. It was concluded that without accurate sediment accretion rate data, incorporating sea
level could lead to erronecus conclusions. That is, since tidal marsh systems constantly
accumulate dead organic material and, without a change is sea level, would actually increase
their elevation, not accounting for this process could overestimate the effects of sea level rise.
Consequently, it was decided to defer studies of sea level rise as part of the restoration effort to
the PED Phase. In that phase, studies would be conducted to measure both sediment accretion
and average sea level rise on-site, so that this information can be used in the existing
hydrodynamic model to predict potential changes in flood frequency and duration and their
effects on cover types and their corresponding elevations.

Regardless of the results of the on-site studies, the AAHUs attributable to altemative plans do
not rely on the assumption that sedimentation rates are the same as the expected rate of sea level
rise during the course of the project life. If, after additional study and analysis in the PED phase,
it is found that sediment accretion will not keep pace with projected sea level rise (or,
conversely, that sediment accretion will exceed projected sea level rise) then the elevation for
each plant community cover type will be adjusted accordingly. That is, for different alternatives,
factoring in sea level rise will not result in changes to plant community cover type acreages {and
therefore no changes in corresponding AAHU ). ‘

6.3 Plan Evaluation and Comparison

For those HSDR and ecosystem restoration plans that were carried forward from the initial
screening of alternatives, more detailed studies evaluated their engineering and economic
feasibility, environmental impacts, social consequences, institutional acceptability (by regulatory
agencies), local support (by the non-Federal partner), and public acceptability. As part of the
evaluation, the completeness, efficiency, effectiveness, acceptability, and risk and uncertainty of
the plans were assessed.
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6.3.1 Intermediate and Final Evaluation & Comparison of Hurricane and
Storm Damage Reduction Plans

The HSDR alternatives were evaluated and compared on the basis of their costs, benefits, and
other effects. Hydraulic studies were conducted to evaluate the performance of the final
alternative plans. Criteria used for that evaluation include a frequency-of-occurrence and error
analysis for each design feature. In addition, influences that the plans may have on the South
River and Raritan River were also identified. Nonlinear interactions that final design features
might have on hydrodynamics were also evaluated.

Intermediate alternative HSDR plans were initially evaluated using a tidal flood event with a 1
percent chance of being exceeded in any year, excluding sea level rise and uncertainty (ie., a
100-year recurrence interval).

6.3.1.1 Costs of Alternative Hurricane and Storm Damage Reduction
Plans

Preliminary cost estimates, which were utilized for preliminary screening of alternative plans,
were prepared using February 1998 price levels. Initial levee costs were based on the reuse of
required levee excavation for levee embankment fill which will be supplemented by trucked-in
embankment fill. The required impervious materials were assumed to be trucked from a
Sayreville clay quarry averaging approximately three miles in distance. Erosion control costs
were included to account for the prevention of channel sedimentation from construction
activities.

In order to provide a fair basis for economic cost comparisons, preliminary estimates of wetland
mitigation costs and structure acquisition costs were included. Estimated wetland mitigation
costs included $100,000 per acre of wetlands directly impacted by plan features, Based on
structures typical of the area, an average cost of $169,000 per structure was assumed for the
analysis of acquisition plans.

Cost estimates for alternatives along the South River were based on calculated guantities and unit
prices. Operations and maintenance (O&M) costs were estimated based on the anticipated
conditions over a 50-year project life.

6.3.1.2 Benefits of Alternative Hurricane and Storm Damage Reduction
Plans / * Risk-Based Analysis

Benefits from HSDR measures at South River would include hurricane and storm damages
avoided over the 50-year period of analysis and reduced flood insurance administration costs.
These benefits are based on the differences between the with- and without-project future
conditions. Hurricane and storm benefits are the average annual value of the private and public
damages that would be prevented by a project and reduction in average annual emergency costs
and average annual maintenance as a result of flooding. Benefits derived from reduced flood
insurance administration costs include the annual portion of administrative -cost included in
National Flood Insurance Program (NFIP) premiums of study area structures.
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Hurricane and storm damages under future with- and without-project conditions were estimated
through: (1) an inventory of floodplain development, (2) estimation of depreciated structure
replacement costs and content damages, (3) preparation of generalized stage-damage functions,
and (4) combination stage/frequency relationships and stage/damage relationships into
frequency/damage relationships. The process and results of benefit estimation for South River,
which are described in detail in the Economics Appendix (Appendix E), are summarized below.

As indicated in Table 14, there are 1,247 structures (1,082 residential and 165 non-residential) in
the 100-year floodplain within the study area. An inventory of all flood-prone properties in the
study area showed that these structures have a total depreciated replacement value of
approximately $224,000,000 (estimated using procedures from Means Square-Foot Costs).

Detailed surveys of residential structures (two percent of residential structures) and commercial
structures (five percent of commercial structures) were conducted through interviews of owners
and a detailed examination of the structure to estimate damnage potential. Current FIA depth-
percent damage functions were used for all floodplain structures.

Table 17 presents total hurricane and storm damages by reach expected to result from storm
surges of various probabilities of exceedance. As shown in this table, expected damages were
estimated for 2000 (current), 2010 (base year), and 2059 (final year) were developed. The
hurricane and storm damages were estimated by combining the inventory of flood-prone
structures with water surface elevations anticipated to accompany storm surges of various
probabilities of exceedance. The total hurricane and storm damages associated with each event
represent a combination of structure and content damages for residential and commercial
structures, automobile damages. and public emergency costs. In the Economics Appendix
(Appendix E), these damage categories are tabulated for each damage reach under 2000 and
2059 conditions.

The damage estimates in Table 17 are average annual damages and represent the result of the
interval calculation up to the exceedance probability shown for each row of the table. For
example, the total damages of $1,052,580 shown to be associated with a 0.200 exceedance
probability for Year 2000 in Table 17 are not the damages from a 0.200 exceedance event (S year
flood). Rather the damages shown are the summation of average annual damages up to the 0.200
exceedance probability event.

Table 18 average annual equivalent damages anticipated under without-project conditions over
the 50-year period of analysis. As for Table 17, the damage estimates in Table 18 are average
annual damages, representing the resuit of the interval calculation up to the exceedance
probability shown for each row of the table. Table 19 provides a representative illustration of
the distribution of average annual damages among the three damage categories (i.e., structures
and contents, automobile, and public emergency) for a storm with an exceedance probability of
0.01. Table 20 presents residual damages for the range of levels of protection considered in this
investigation.
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Table 17

Total Hurricane And Storm Damages* By Reach
Expected Under Without-Project Conditions

2000, 2059
October 2001 Price Levels
Exceedance
Probability R1 R2 R3 R4 RS Total
Year 2000
0.5 $16,900 $1,600 $382,700  $188,700 $2,400 $592,300
0.2 $56,000 $38,500 $1,681,800 $707,000 $23,600  $2,506,900
0.1 $81,700 $81,100 $2,845400 $1,110,400 $49,300  $4,168,000
0.04 $109,500 $143,600 $4.027.400 $1.577.500 $90,500  $5,948,500
0.02 $125,400 $184,000 $4,500,800  $1,825,100 $117,300 86,752,700
0.01 $138,000 $216,800  $4,828,500 $1,988,300 $137,900  $7,319,400
0.005 $146,900 $238,800 $5,168,400 $2,111.600 $151,500  $7,818,200
0.002 $153,900 $258,000 $5,335500 $2,197,000 $161.800  $8,106,200
SPF** $158,200 $271,700 $5460600 $2,260,800 $168,500  $8,322 000
Year 2058
0.5 $28,000 $18,300  $654,600  $353,800 $7,000 $1.062,700
0.2 $85,500 $91,800 $2,678,800 $1,148.400 $47.900  $4,053,500
Q.1 $119,400 $158,300 $4,297,300 $1,694,000 $80,100  $6,358,200
0.04 $154,200 $242,600 $5,803,700 32,274,700 $148,000  $8,621,300
0.02 $173,500 $293,200 $6,374,700 $2,569,000 $179,500  $8,589 900
0.01 $188,400 $332,000 $6,761400 $2,768,000 $203,400  $10,253,300
0.005 $198,700 $358,700  $7,157.600  $2.894,300 $218,900 $10,828 200
0.002 $206,800 $379,600 $7,345,800 $2,887,100 $230,500  $11,149,500
SPF $213,000 $395,500 $7,485,800 $3,055,800 $239,100  $11,389,300
Tabie 18
Average Annual Damages by Reach
Without-Project Conditions
2010-2059
October 2001 price levels; 6 1/8% discount rate
Exceedance
Probability R1 R2 R3 R4 RS Total
0.50 $23,100 $8,800  $521.700  $256.400 $4,500 $814,600
0.20 $72,100 $63.700  $2 208600  $887,800 $35,500  $3,267.700
Q.10 $102,800 $118,800 $3,639,900 $1,376,900 $69,700 $5,308,200
0.04 $135200  $194,500 $5029100 $1,861,000  $119,800 $7,339,500
0.02 $153,500 $241,700 $5,573,000 $2,127,100  $151,100 $8,246,400
0.01 $167.900 $279,000 $5,945800 $2,310400  $174.400 $8,877.400
0.005 $177,900  $305,000 $6,331,100 $2,428800  $189600 $9,432,300
0.002 $185.800 $325500 96,516,800 $2,516,900  $201,100 $9,746,100
SPF $191,800 $341,000 $6,655,800 $2,582,600  $209,700 $9,981,000
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Table 18
Average Annual Damages By Category and Reach
Storm with .01 Exceedance Probability

2010-2059
October 2001 price Jevels; 6 1/8% discount rate
Damage Category R1 R2 R3 R4 R5 Total

Structures & Contents $161,400  $268,200 $5,233,900 $2,210,400  $164,100 $8,037,900
Automobile $4,000 $6,900  $647.800 $66,700 $7.600  $733.100
Public Emergency $2,500 $3.800 $64,100 $33,300 $2600  $106,400
Total $167,900  $279,000 $5,945800 $2,310,400 $174,300 $8877400

Table 20

Prevented and Residual Equivalent Annual Damages
With Project Conditions
October 2001 price levels; 6 1/8% discount rate

Exceedance Total Prevented Equivalent Residual Damages at

Probability Annual Damages Level of Protection
0.500 $814,600 $8,166,400
0.200 $3,267,700 $6,713,300
3.100 $5,308,200 $4.672,800
0.040 $7,339.500 $2,641,500
0.020 $8,246,400 $1,734,600
0.010 $8,877.400 $1,103,600
0.005 $9.432,300 $548,700
0.002 $9,746,100 $234,900

SPF $9,981,000 $0

Corps planning guidance requires that risk and uncertainty be incorporated in HSDR studies. The
following areas of uncertainly were incorporated into the estimation of hurricane and storm
damages (with- and without-project):

¢ Depth-damage curves,
s First-floor elevation,
¢ Structure values, and
¢ Content-to-structure values.
The @Risk program was used to incorporate uncertainty from damage input variables into the

analysis. The process applies a procedure (Monte Carlo Simulation) that computes the expected
value of damage while accounting for uncertainty in each input variable.
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¥

Emergency cost curves from the Corps Green Brook, NJ feasibility study for flood damage
reduction have been adjusted for this analysis based on coordination with local governments in
the study area. FEMA and local governments have been contacted to determine the percentage
of floodplain structures that have flood insurance. Savings in administrative costs were
calculated accordingly.

Stage-frequency elevations are the mean water surface elevations heights and their associated
standard deviations that were incorporated in the @RiskNormal function. Damages in years
2010 through 2058 were interpolated and discounted and the 50 years were amortized at a
discount rate of 6.125 percent to calculate equivalent annual damages. Generalized FEMA
damage functions for structure and contents damages were applied to the residential and non-
residential structures. Public emergency damages were calibrated as a percentage of structure
value based on local FEMA damage reports. The damage functions reflect damages as a percent
of structural value over a full range of water depths and were applied on a structure-by-structure
basis to determine damages at one-tenth-of a foot increments of flood stage. Similarly, depth
damage functions developed by the Natural Resource Conservation Service were applied to
calculate automobile damages.

On-site interviews were conducted in the study area. However, so much time has passed
between the most significant flood event in 1992 and the interviews, that memories had faded
and as a consequence the kind of numeric information necessary to perform the calibration of the
stage damage function was not generated. Consequently, the FEMA stage-damage function was
used.

The storm damages were broken down into three categories: structure and content damage,
public emergency costs and infrastructure damage, and automobile damage. The size of the
database spreadsheet necessitated that the commercial/municipal and residential structure/content
damages 1o be consolidated into one output when performing risk analysis.

6.3.1.3 Intermediate Hurricane and Storm Damage Reduction Plans

Based on the screening of alternative HSDR plans, three plans were carried forward for more
detailed analysis: storm surge barrier, levees and floodwalls, and potentially-complementary
nonstructural measures (i.e., acquisition of flood-prone properties, floodproofing, and flood
warmning). The more detailed studies considered different approaches to providing flood
protection for each of the damage reaches. The results of the more detailed analyses of these
plans are discussed below.

Intermediate Storm Surge Barrier Plan - Among the HSDR plans considered was a storm
surge barrier plan, consisting of a storm surge barrier with sector gate and a levee perpendicular
to the Washington Canal and the South River just upstream from their confluences of the Raritan
River (see Figure 6). This alternative would provide 100-year flood protection for most of the
study area. Elevation +13.5 feet NGVD was used to evaluate this alternative and the other
alternatives during the intermediate screeming. This elevation includes mean sea level rise but
does not include hydraulic uncertainty. It would consist of a 200-foot long storm surge barrier in
the Washington Canal to maintain the navigable waterway. It would also include approximately
2,500 feet of levee with an average height of 8.6 feet and an approximately 2,300-foot Jong

Integrated Feasibility Report & Environmental impact Statement Fa

48819

5-6-9



T
s
TR

LEVEE
CHANNEL RELOCATION
(D PUMP STATION

L’D SECTOR GATES

48819

ikil
\1}2}\2\;’1

&3;%5

TN
. N
By

/

. \ . _,w" s
\, S
\ ) '}‘31’ (
ONERL
Figure 6 - Imtermediats Storm Surge
Battier Plan

5-6-9



100

- South River, Raritan River Basin
Hurricane and Storm Damage Reduction and Ecosystem Resteration Study

diversion channel to divert flow from the South River channel to the Washington Canal. The
storm surge barrier levee would tie into high ground east of the Washington Canal and west of
the South River. The diversion channel would be needed to handle the flow from the South
River, which would be blocked by the levee. The diversion channel would pass through the
middle of Clancy Island. The channel was added to avoid the cost of an additional storm surge
barrier across the South River. Under non-flood conditions, the storm surge gate would remain
open, allowing the flushing of the Washington Canal and the South River while maintaining a
navigable waterway. During flood stages, the gate would be closed. With the gate closed, the
normal South River discharges would be impounded. Tidal modeling deterrnined that a pump
station for interior drainage would not be necessary due 1o the large storage capacity in the low-
lying wetland area.

The primary impacts of this plan include: (1) loss of existing wetlands (approximately 36 acres)
and existing uplands (approximately 5 acres) for the levee footprint and for the diversion channel
across Clancy Island and (2) rerouting the flow of the South River to the Washington Canal. In
addition, preliminary analysis indicated that this plan was not economically feasible. Based on
the adverse environmental effects of this plan and its lack of economic feasibility, this plan was
dropped from further consideration.

Intermediate Levee/Floodwall Plans - These plans could consist of all, or any combination, of
five levee alignments consistent with the damage reaches described in above. Each of the
levees/floodwalls could be constructed separately without disturbing the technical feasibility of
the project. A separable component would also have to function on its own per Corps policies
and guidance regarding urban HSDR.

Levees and floodwalls were aligned as efficiently as possible, to protect the groups of structures
in each reach. Accordingly. lines-of-protection comprised of levee systems that could function
separately were developed. Levee/floodwall systems are described below:

¢ Preliminary analysis assumed that the top of all levees would be +15.5 NGVD, as
discussed above. A preliminary soil analysis has been performed to determine if levee
layouts were on good soil or on poor soil. Non-marsh areas are considered good soil
whereas marsh soil is considered poor soil.

» Levee Reach 1, located in the Spotswood area, would be approximately 3,000 feet in
length.

* Reach 2. which is immediately east of Rt. 18, would provide protection for the Historic
Village of Old Bridge. The Reach 2 levee length would be approximately 3,740 feet.
Common to both Reaches 1 and 2 would be replacement of the Old Matawan Road
Bridge with associated road raising of 4 feet. This plan component would also require
channel realignment of 400 feet of the South River.

e levee Reach 3, located along the west bank of the South River, would protect the
Borough of South River. The total levee length would be approximately 8,410 feet, and
would require a railroad bridge closure structure,
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e Levee Reach 4, located along the east bank of the Washington Canal and the South River,
would protect the Borough of Sayreville. The total proposed levee length for this reach is
approximately 9,090 feet, and would require raising Jernee Mill Road by 2.6 feet to
provide closure for the levee,

» levee Reach 5, located near the confluence of Deep Run and the South River, would
protect both sides of the Bordentown-South Amboy Turnpike. The total proposed levee
length is approximately 7,240 feet. This plan (along with levee reach 2) would include:
(1) raising the Bordentown-South Amboy Turnpike Bridge 6 feet over Deep Run, {2)
raising of the Turnpike 6 feet, (3) sealing the bottom of the railway bridge, and (4)
constructing 3.5 feet of parapets.

As indicated in Table 21, levee protection (for a 100-year event) of the upstream reaches (i.e.,
Reaches 1, 2, and 5) would also not be economically feasible with costs greatly exceeding the
benefits. These findings were discussed with the residents of Reaches 1, 2 and 5 on 28 January
1999 in the Historic Village of Old Bridge. Representatives of the communities along these
reaches indicated that they would not support structural measures along these reaches. - They
requested additional analysis of nonstructural alternatives.

Evaluation of levee protection for upstream reaches (Reaches 1, 2 and 5) was conducted using
best-case scenarios for levee construction costs. For example, it was assumed that only levees
would be required (when, in fact, more expensive floodwalls and buyouts would be required due
to proximity of homes to the South River). It was also assumed that interior drainage facilities
would not be required. For the evaluation of benefits, it was assumed that all structures would be
protected and that there would be no residual damages. Notwithstanding these best-case
assumptions, benefit-cost ratios for levee plans in reaches 1, 2 and 5 did not surpass 0.1. Based
on the unfavorable economics, local opposition, and the intrusive nature of the plan from social
and environmental perspectives, it was considered prudent to eliminate incremental levee plans
for reaches 1, 2 and 5. Accordingly, levees were only considered in downstream reaches (3 and
4) in the next phase of plan formulation.

Table 21
Levee/Floodwall Costs And Benefits
100-Year Level of Protection
{February 1898 Price Level, 6-7/8% Discount Rate, 50-Year Period of Analysis)
Construction

;evee Construction + Intgrest Annualized ?:,::gf Net Benefits B'é:es?t’
each Cost During Cost Benefits Ratio
Construction

1 $6,798,560 $7,018,000 $540,501 $49,749 ($490,752) 0.1

2 $8,648,480 $9,958,400 5750,201 $66,116 {$684,085) 0.1

3 310,663,926 $11,006,500 $824,948  $1,366,223 $541,275 1.7

4 $9,3328,674 $9,628,300 $726,659 $850,941 $124,282 12

5 511,816,144 $12,195,00 $908,758 $43.866 ($865,892) 0.1

182 $12,613,080 $13,018,200 $988,416 $115,865 ($872,551) 0.1

285  $18,747,826 $19,350,000 $1.439,979 $109,982  ($1,329,997) 0.1

1,2, 85 $23,528,986 $24,284,700  $1,821,906 $159,731  ($1,662,175) 0.1
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As indicated in Table 21, preliminary screening levees/floodwalls for Reaches 3 and 4 suggested
favorable economics (i.e., anticipated benefits exceeded costs). Consequently, further evaluation
of structural and nonstructural protection of these reaches was warranted.

Complementary Noustructural Measures - The lack of economic feasibility of levee
protection of the upstream reaches (Reaches 1, 2, and 5) and limited support by local interests for
structural measures led to evaluation of nonstructural measures for these reaches. The three
categories of nonstructural measures previously identified as potentially applicable to the South
River (i.e., acquisition of flood-prone properties, floodproofing, and flood warning) were to be
evaluated for application to the upstream reaches. This evaluation would consider these
measures as - potential complements to the levee/floodwalls option for protection of the
downstream reaches (Reach 3 and Reach 4).

For Reach 3 and Reach 4, nonstructural measures for lower levels of protection were not feasible
as a stand-alone element or in combination with a structural plan, as the topography and
alignment of homes were. not conducive. Lower levels of nonstructural improvements would not
eliminate the need for structural flood protection for higher levels of protection, and the costs for
the structural component would be similar to full levee protection.

6.3.1.4 Refinement of Hurricane and Storm Damage Reduction Plans

The intermediate analysis of alternative plans established that the levee/floodwall alternatives are
the only economically feasible HSDR alternatives for the South River. The storm surge barrier
plan at the mouth of the South River and the acquisition of flood prone properties were
eliminated as potential alternatives. Levee configurations identified as having greatest potential
included levees along the eastern and western banks of the downstream reaches (Reaches 3 and
4), Initial testing of the levee and floodwall system was made without a storm surge barrier,
allowing the surge to move upstream of Sayreville. A storm surge barrier was later considered
as a potential complementary feature to levee protection along the lower reaches (Reaches 3 and
4). The barrier could be located immediately downstream (north) of the Veterans Memorial
Bridge. The storm surge barrier would intercept storm surges, protecting upstream reaches (i.e.,
Reaches 1, 2, and 5). It would preclude need for levees or nonstructural protection south
(upstream) of the bridge, and it would avoid potential adverse effects (direct and indirect) on
wetland areas and potential HTRW sites.

The technical approach for the study involved two phases of numerical modeling. The first phase
estimated the storm surge frequencies in Raritan Bay as a boundary for driving the second phase
of modeling. Phase 1 storm surge modeling was performed with the ADCIRC (ADvanced
CIRCulation) model. The ADCIRC model solves the depth-averaged Generalized Wave
Continuity Equation (GWCE) formulation of the governing equations and has been extensively
applied to projects requiring frequency analysis of storm surges within the New York area. That
model grid was modified to include the details of the study area.

The second phase of the effort modeled the impact of the storm surge elevations in Raritan Bay
as the surge moves up the Raritan River and into the South River study area. The TABS-MD
modeling system was used for the Phase 2 modeling. The RMA-2 model is part of that system
and it was used to simulate the wetting and drying effects on the storm surge as the storm wave
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moved through the study area. The Phase 2 effort essentially was performed as a means of
transforming the flood frequency curves from Raritan Bay into the study area.

Selected flood events were simulated as a part of the Phase 2 modeling for detailed spatial
variation in the peak flood elevations throughout the study area. An estimated full frequency
curve was then developed from the complete boundary frequency curve and the selected
simulations.

The return periods selected for analysis were the 2-year, 25-year, 100-year and 500-year storm
events. These events were used as a means of estimating the transformation of the full stage-
frequency curve from Raritan Bay into the study area and to estimate the effects of alternatives
on the stage-frequency curves..

The closed storm surge barrier was tested for the 500-year storm to evaluate any downstream
impacts of the barrier. The storm surge barrier was tested in the model in the open position for
three sizes under more normal tidal conditions. A “highest astronomical tide” (HAT) was used
for boundary conditions, which was taken to be the peak spring tidal range in late June.
Additional refinement of the barrier will be occur during PED, including risks of overtopping
and the expected performance of the barrier under those circumstances.

In addition to the hydrodynamic modeling studies, a steady state HEC-RAS model was run to
evaluate upstreamn water levels. As expected, the flat water surface profile supported the
conclusions that flooding in the South River is tidally-controlled.

Selection of the type of gate for South River incorporated reviews of US Ammy Corps of
Engineers Manuals and discussions with the New Orleans District, where gates are used
extensively on navigation and flood control projects. Engineering Manual No. 1110-2-2703,
"Engineering and Design, Lock Gates and Operating Equipment”, was specifically reviewed for
information on various gate types and associated advantages and disadvantages both in gate
operation and construction.

Based on a review of EM 1110-2-2703, it appeared that a sector gate would be the most
appropriate gate type for use along the South River. Though sector gates have generally higher
construction cost due to the need for larger recesses in the gate monolith, they have operational
and maintenance advantages over other types of gates. Coordination with the New Orleans
District confirmed that sector gates operate well under high sediment conditions since they can
divert sediment during closing and opening operations. In addition, sector gates can be closed
under flow conditions that could be experienced under a storm surge. Other types of gates, such
as miter gates, do not perfornmn as well under conditions that may generate a differential hydraulic
head. Sector gates also provide maintenance advantages since they can be removed and
replaced. Other types of gates require coffer damming and dewatering for gate removal and
maintenance.
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6.3.1.5 Comparison of Final HSDR Plans

The main objectives of a HSDR project are the protection of human life and property.
Additional objectives include avoidance of inconveniences and costs of nuisance flooding, The
principal elements - considered in the evaluation of the alternatives included engineering
feasibility, environmental impacts, economic implications and social consequences.

Table 22 contains the average annual costs and benefits of the three alternative HSDR plans for
the South River. The three final alternative HSDR plans include: (1) levee/floodwall protection
for all reaches, (2) levee/floodwall protection for the downstream reaches, and (2)
levee/floodwall protection for the downstream reaches in conjunction with a storm surge barrier
to protect upstream reaches.

Table 22
Average Annual Costs And Benefits Of
Hurricane and Storm Hurricane and Storm Damage Retuction Alternatives
{100-Year Storm Event; 6 3/8% discount rate, Oct 2000 price levels, 50-year period)*

Average Average
Annual Annual  Average Annual Benefit/
Plan Description Cost Benefit Net Benefits  Cost Ratio
Storm surge barrier with
1 levees in the lower reaches $2,865,000 $3,319,000 $454,000 1.16
{Reaches 3 and 4),
Levees for alt reaches
2 {Reaches 1-5) $3,752,000  $3,319,000 ($433,000) 0.88
3 Levees for Reaches 3 and 4 $2,919,000  $2,930,000 $11,000 1.0

* prevailing discount rate and price level at time of analysis

Plan 1 (storm surge barrier with levees) would result in the same HSDR benefits as Plan 2
(levees for all reaches) by protecting all reaches. Plan 1 would also have cost advantages over
Plan 3 (levees for Reaches 3 and 4), since significant costs of levee construction north of the
barrier would be avoided. As indicated in this table, Plan 1 and Plan 3 are the only plans that are
economically feasible (ie., average annual benefits exceed average annual costs). The net
benefits for Plan | greatly exceeded those of Plan 3. Consequently, Plan 1 is the selected plan to
be optimized. In addition to yielding the greatest net benefits, Plan 1 would cost-effectively
protect the upstream reaches, thereby eliminating nonstructural measures from further
consideration for those reaches.

Potential environmental impacts as well as economic performance were also evaluated as part of
HSDR plan formulation. The storm surge barrier with levee/floodwalls (Plan 1) would also have
significant advantages over the other plans in terms of anticipated environmental effects. As
described in the Avoidance and Minimization Plan for South River HSDR (January 2001), Plan 1
would have a significantly smaller impact than Plan 3. Plan 1 would directly impact 9.4 acres of
wetlands and 16.5 acres of uplands, with indirect impacts on 0.3 acres of wetlands.
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Levee/floodwall protection for the lower reaches (Plan 3) would directly impact approximately
12.2 acres of wetlands and 20.3 acres of uplands, with indirect impacts on 5.8 acres of wetlands.

Based on its anticipated economic performance and environmental effects, Plan 1 is the selected
plan. It is also the only plan that is implementable, and the only HSDR plan that will be subject
to NEPA documentation in this investigation.

6.3.2 Cost Effectiveness and Incremental Cost Analysis of Mitigation Plans

Following a detailed assessment of environmental impacts associated with the selected HSDR
measures {see Section 7.1) and the elimination of potential mitigation plans that resulted in no
net ecological gain (Section 6.2.2), potential mitigation alternatives that did not meet the
mitigation goal were eliminated, resulting in 423 potential mitigation alternatives for the East
Bank and 180 for the West Bank. The habitat conversion acreages for each potential mitigation
alternative were compared to the number of acres of wetland Phragmites and upland disturbed
habitat available in each potential mitigation area. The West Bank would not provide enough
upland disturbed habitat for any of the potential mitigation alternatives for the West Bank, and it
was eliminated as a potential mitigation area. The East Bank area would provide enough
wetland Phragmites and upland disturbed habitat for 352 of the potential mitigation alternatives.

Cost effectiveness analysis (CEA) is used to screen out plans that are inefficient or ineffective,
Incremental cost analysis (ICA) is used to reveal and evaluate incremental changes in costs for
increasing levels of ecological output (i.e., AAHUs and FCUs). The primary purpose of ICA is
to explicitly compare the incremental costs and the incremental outputs associated with each
successively larger mitigation plan. The explicit comparisons of incremental costs and outputs
allow evaluation of alternative scales of plans and plan components. The incremental evaluation
of project costs and outputs provides more insight than average or total costs, since it can be used
to identify significant increases in project costs necessary to achicve additional units of
ecological output for the full range of ecosystem mitigation plans. Incremental cost analysis
does not provide a discrete decision criterion (ie., it does not identify one “best” plan).
However, it does provide information to decision-makers that allows explicit comparisons to be
made between the relative changes in costs and outputs for each mitigation plan.

Cost effectiveness and incremental cost analyses (CE/ICA) were conducted during the
development of mitigation alternatives to identify the mitigation plans that are “Best Buys™ at
different mitigation levels (i.e., different ecological outputs). JWR-PLAN software was used to
conduct CE/ICA. The software combines mitigation measures into alternative plans. JWR-
PLAN then identifies the "best” set of possible financial investments using CEA and ICA. Each
combination of measures comprises an alternative mitigation plan. The CE/ICA process used for
South River is described in the following sections.

6.3.2.1 Mitigation Benefits and Costs

The HEP and EPW assessments were used to quantify the ecological and wetland functional
benefits/outputs for each potential mitigation combination. Following the HEP process, HSI
values were calculated for each of the targeted habitat types for the six evaluation species. HSI
values were combined with acreages to calculate the ecological benefits (outputs) in terms of the
number of HUs per species, or summed across species and calculated in terms of AAHUs
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attained over the 50-year Project life. For the calculation of AAHUs per mitigation combination,
the assumption was made that plans would attain their full HSI value in the first year (ie.,
original HSI values are achieved immediately following construction). This facilitated the initial
review and comparison of the mitigation combinations.

For the EPW method, FCI values were calculated for each of the targeted habitat types for the six
evaluation functions. FCI values were combined with acreages to calculate the wetland
functional benefits (outputs) in terms of the number of FCUs per function, or summed across
functions to produce one FCU value for the entire mitigation alternative.

Cost estimates for the implementation of potential mitigation alternatives were calculated based
on estimates of real estate, construction, site preparation, habitat conversion, disposal, planting,
mobilization/demobilization, erosion and sediment control, and monitoring costs. A contingency
cost of 20% was included to account for uncertainty in the final design and/or implementation of
the selected mitigation plan. These costs have been estimated for the purpose of determining
Project feasibility, and providing a means of comparing potential mitigation alternatives.

6.3.2.2 Cost-Effectiveness and Incremental Cost Analyses

All 352 mitigation alternatives identified during the screening process were entered into the
IWR-PLAN for CE/ICA. CE/ICA are conducted within the IWR-PLAN in a stepwise process,
comparing alternative plans with successive levels of output, identifying those plans that are
cost-effective and incrementally justified, and eliminating those plans that are not. All
mitigation alternatives were considered non-combinable, resulting in 353 possible alternatives,
including the No-Action alternative. Based on the results of the IWR-PLAN, nine of these
alternatives were cost-effective, and three were identified within the IWR-PLAN as “best buy”
mitigation alternatives.

The three “best buy” plans identified in the JWR-PLAN are summarized below.

e Mitigation Alternative | —  No-Action
« Mitigation Alternative 2 — i
Conversions  WPH: 6 acres SM
3 acres WSS
DIST: 11 acres WSS
Total: 20 acres
Costs Total: $2.66 million*
AAC: $177.354
Benefits AAHUs: 34.7
FCUs: 29.9
Incremental Cost/Output: $5,126
» Mitigation Altemative 3 —
Conversions  WPH: 6 acres SM
2 acres WSS
DIST: 12 acres WSS
Total: 20 acres
Costs Total: $2.79 million*
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AAC: $186,537
Benefits AAHUs: 35.6
FCUs: 328
Incremental Cost/Output: ‘ $9,183

* The cost ($524,000) associated with levee improvements (i.e., creation of USS habitat) were
considered a constant cost across all mitigation alternatives, and are not included in the cost
estimates presented above.

6.3.3 Cost Effectiveness and Incremental Cost Analysis of Restoration Plans

Corps ecosystem restoration policies require that restoration projects include cost effectiveness
and incremental cost analyses (CE/ICA) to allow informed decision making by evaluating
incremental costs and incremental outputs (i.e., the ecological benefits of restoration plans).
CE/ICA can be used to support ecosystem restoration studies through the: (1) formulation of
alternative plans from combinations of possible restoration measures and (2) evaluation of plan
effects (i.e, outputs). The analysis does not identify the best plan. Rather, it identifies those
plans that are “Best Buys” at different restoration levels (ie., different ecological outputs).
CE/CA generates information that supports sound financial investments by comparing the costs
and non-monetary outputs (benefits) of alternative investment choices. CE/ICA was used to
formulate, evaluate, and identify the plan that maximizes contributions to national ecosystem
restoration (i.e., the NER plan).

6.3.3.1 Restoration Benefits and Costs

The benefits of the 131 ratio combinations for Areas 1-3 and 145 ratio combinations for Area 4
were estimated using HEP, calculating AAHUSs for the 50-year period of analysis, as described
above. Preliminary costs used to conduct the CE/ICA were calculated based on estimates of real
estate, surveying, mobilization/demobilization, site access, construction, site preparation and
excavation, disposal, planting, erosion and sediment control, and monitoring costs. A
contingency of 20 percent was included to account for uncertainty in design and implementation
of the selected restoration plan. Item-specific contingency costs were included in the feasibility
level cost estimate for the selected plan.

6.3.3.2 Preliminary Cost Effectiveness Analysis (CEA)

CEA begins with a comparison of the costs and outputs of alternative plans to identify the least
cost plan for every possible level of restoration. CEA screens out plans that are inefficient or
ineffective. The ratio combinations for each restoration scenario that resulted in a positive
ecological output were combined with costs specific to each restoration area, creating over 2,150
conceptual restoration plans. Because of the large number of restoration plans, a preliminary
cost-effectiveness analysis was conducted. This analysis was performed by sorting the
alternative restoration plans in order of increasing output, and eliminating those plans that were
inefficient or ineffective. Preliminary cost-effectiveness analysis reduced the number of
conceptual restoration plans from between 131 — 145 to 1 — 5 per restoration area and scale,
creating 63 cost-effective conceptual restoration plans.
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6.3.3.3 Cost Effectiveness/Incremental Cost Analysis (CE/ICA)

After the cost effective alternatives had been identified, conceptual restoration plans for each of
the four areas were combined, AAHUs and costs were included, and cost effectiveness and
incremental cost analyses were performed on the combined plans. The 63 conceptual restoration
plans that were carried forward from the preliminary cost-effectiveness analysis for input to
IWR-PLAN for combination and CE/ICA were comprised of 20 conceptual restoration plans for
both Area | and Area 2, 19 conceptual restoration plans for Area 3, and 4 for Area 4. All
restoration plans within a given area were designated non-combinable, and all combinations of
plans among areas were combinable. In estimating costs of combined {area) restoration plans,
cost adjustments were made based on expected efficiencies in combining plans (e.g., joint
mobilization costs).

All combinations of the conceptual restoration plans for each area were examined, creating more
than 40,000 actual combinations. The habitat profiles of the eight “best buy” conceptual
restoration plans for the study area are presented in Table 23. The acreage of restored habitat
ranges from 46 acres (Plan 2) to complete restoration of the degraded portion of the four
restoration areas (379 acres). Plans 5 through 8 would involve complete restoration, but as
indicated in Table 23, they would have different combinations of habitats that would produce a
range of ecological outputs (AAHUSs).

Table 23
Habitat Profiles Of Best Buy Restoration Plans
Habitat Restored (acres)
Low Wetland Upland
Plan  Description Emergent Mudfiat Forest/ Forest/ gg::r ;:::; AAHUs
Marsh Scrub-Shrub Scrub-Shrub
1 No-Action 0.0 0.0 0.0 00 0.0 0.0 0.0
100% of Area 4 18.4 2.3 20.7 23 23 460 483
100% of Areas 1
3 & 4; 75% of Area 2 114.1 14.3 128.4 143 143 2854 2541
1}
o J00% of Areas T 1305 163 146.8 163 163 3263 288.3
5 100% of all Areas 151.7 19.0 170.7 19.0 19.0 379.3 3349
& 100% of all Areas 217.2 19.0 110.1 141 19.0 379.3 3396
7 100% of all Areas 238.4 19.0 90.4 125 19.0 379.3 3411
8 100% of all Areas 285.0 18.0 47.3 9.0 19.0 379.3 3443

The average annual costs of the “best buy” plans are presented in Table 24. This table includes
implementation costs and operations and maintenance costs. Capital (first) costs are expected to
range from $4.6 million to over $56 million. Estimated average annual costs of the best buy
plans range from $306,000 1o $3.8 million.
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Table 24
Average Annual Costs Of Best Buy Restoration Plans
. Interest Average
Plan Description C?O’:::I During Annual
Construction* Implementation Costs**
1 _No-Action 30 $0 $0
2 100% of Area 4 $4,578,000 $167,633 $305.1730
100% of Areas 1 & 4,
3 75% of Area 2 $27,970,000 $1,555,667 $1,868,120
4 100% of Areas 1,2, &4  $31,873,,000 $1,778,486 $2,135,443
5 100% of all Areas $37,324,000 $2,795,834 $2,482,859
6 100% of all Areas $46,582,000 $2,810,588 $3,111,13¢
7 100% of all Areas $48,577,000 $2,912,768 $3,311,202
8 100% of all Areas $56,164,000 $3,716,418 $3,751,134
* Assumes: 12 month construction period for Plan 2; 18 months for Pians 3 & 4; and 24 months for

Plans 5-11.
**0&M Costs not included.

Other than the No-Action plan, the smallest “best buy” plan is the plan with the lowest average
cost per unit of output — in this case, Plan 2. In comparing Plan 2 to the No-Action plan, a
modest number of acres would be restored for approximately $4.6 million. Although this plan
has the lowest cost, restoration action would be limited to Area 4, and none of the Island would
be restored if this plan were selected. Selecting Plan 3 would result in restoration of almost 240
acres of the Island in addition to all the Phragmites-dominated wetlands (46 acres) in Area 4.
Plan 4 would result in additional increases in the number of acres and subsequent increases in
AAHUs and total cost. Plan 5 would result in restoration of all the Phragmites-dominated
wetlands for the entire study area. Moving from Plan 5 to any of the other Plans (Plans 6 —8)
would not increase the number of acres restored, but would result in modest increases in AAHUs
and variable increases in cost.

Tabie 25 presents the incremenial costs and outputs of the eight “best buy” plans. This table
shows the increase in ecological output (AAHUSs) and in average annual costs associated with
each of the best buy plans. The incremental cost per unit of output indicates the unit cost of
moving to greater levels of restoration. For example, between Plan 5 and Plan 6 the incremental
costs increase by a factor of more than 16.
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Table 25
Incremental Costs Of Best Buy Restoration Plans

Plan Description AAHUs ’g'::: A ,ﬁ::;la gi st Incremental Eﬁec(:sts oor
Outputs Costs Output
1 No-Action 0.0 $0 $0 0 $0 $0
2 100% of Area 4 483  $4,578,000 $305,730 483 $305,730 $6,330
3 J?gz;'%";?;er:: ; & 2541 27970000  $1,868,120 2058  §$1,562,3%0 $7,592
4 2\?2;@ ?f 284 289.3  $31,973000  $2,135,443 352 $267,323 $7.504
5 100% of all Areas  334.9  $37.324,000 $2,492,858 45.6 $357,416 $7,838
6 100%ofallAreas 3396  $46,582,000  $3,111,138 47 $618,260 $131,548
7 100% ofallAreas 3411 549,577,000  $3,311,202 15 $200,063 $133,375
8 100% of all Areas  344.3  $56,164,000  $3751,134 32 $439,932 $137.479

The “best buy” conceptual restoration plans were compared based on each plan’s ability to
efficiently and effectively restore degraded ecosystems in the study area. In addition, each plan
was evaluated using the following criteria:

Institutional Significance: The importance of the environmental resource as evidenced
by existing laws, plans, and policy statements from international, national, regional, state,
local and tribal entities.

Public Significance: The importance of the environmental resource as evidenced by the
general public's interest, participation and funding of resource-related groups and
activities.

Technical Significance: The importance of the environmental resource as evidenced by
the scientific knowledge and understanding of critical characteristics of the resource, such
as its scarcity, representativencss, status of disturbance, level of biodiversity, and
observed or potential use by threatened and endangered species of animals and plants.

Acceptability: Is the plan acceptable to Federal and state resource agencies, and local
government?

Completeness: Does the plan provide and account for all necessary investments and
actions?

Effectiveness: Does the plan make a significant contribution to addressing the specified
restoration problems or opportunities?
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o Efficiency: Does the plan represent a cost-effective means of addressing the restoration
problems or opportunities?

e Risk: What is the likelihood of success/failure associated with the desired restoration
outcome?

» Uncertainty: What level of confidence is associated with the estimation of ecological
outputs (AAHUs)?

A ranking matrix was used to score each restoration plan with respect to the above criteria. Plan
5 received the highest score among the alternatives, with 43 out of a possible 45 points. Based
on this evaluation and its ability to meet the planning objectives, Plan 5 was identified as the
selected plan. This selection is supported by the significant increase in incremental costs
associated with using different habitat ratios to restore the same amount of acreage (Plans 6
through 8).

6.4 Selected NED/NER Muttipurpose Plan

As described above, the HSDR and ecosystem restoration plans are components of an integrated
multipurpose plan for the South River. The above plan formulation identified Plan 1 (storm
surge barrier with levees in Reaches 3 and 4) as the plan that meets the planning objectives and
provides the greatest net benefits. This plan is therefore selected as the NED plan for HSDR.
The optimization of the level of HSDR and description of the recommended plan are presented
in the following section. Subsequent sections describe: (1) optimization of interior drainage
features to address ponding behind the levee and (2) selected ecosystem restoration features
based on the eight restoration plans identified by the incremental analysis as “best buys.”

6.4.1 Selected Hurricane and Storm Damage Reduction Plan - Line of
Protection

Economic analysis was used to optimize the level of protection to be provided by the selected
plan (Plan 1). This plan consists of a storm surge barrier and two levee/floodwalls located in
Reaches 3 and 4, to form a single line-of-protection system with no separable elements. This
plan would act as one system; no segment of this line-of-protection could function on its own.
The plan would provide protection to the entire study area (Reaches ] through 5). Analysis was
not performed for individual reaches or project segments. as no one segment provides benefits on
its own. All segments are needed to provide any benefits.

As indicated in Table 26, costs were developed for the selected plan with alternative
levee/floodwall heights of +16.0, +18.5, +20.3, and +21.5 NGVD. These levels of protection
correspond to the 50-year, 100-year, 200-year, and 500-year recurrence intervals. As described
in the Hydrology. Hydraulics, and Design Appendix (Appendix A), the alternative levels of
protection are approximately equal to the storm stages allowing for risk and uncertainty
associated with the 50-, 100-, 200- and 500-year frequencies, with additional height added to
account for the effects of sea level rise over the 50-year life of the flood control measures.
Additional discussion of the uncertainty analysis is provided below.
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The uncertainty in the hydraulic analysis is based upon the Empirical Simulation Technique
(EST) used in the storm surge modeling. This analysis includes repetitive simulations based upon
a random combination of input parameters for both tropical and extra-tropical events. From the
results of this analysis, a stage frequency curve with standard deviations was developed at the
boundary of the RMA-2 model. The RMA-2 model computed water Jevels at various locations
throughout the study area. The standard deviations at each location were adjusted as a ratio of the
surge heights. The details of the uncertainty analysis are contained in the Hydrology, Hydraulics
and Design Appendix (Appendix A), pages 67-68.

The final surge barrier height was computed as a sum of the 500 year water elevation of 16.8
NAVDS88 (from Figure 37K in Appendix A), plus the standard deviation as a measure of
uncertainty of 2.8 fi, plus 1.1 ft for the daturn conversion from NAVDS88 to NGVD27, plus 0.7 ft
for sea level rise, and conservatively rounded to 21.5 ft NGVD29. As discussed in Appendix A,
the more conservative water levels in Figure 37K (Appendix A) were used rather than the levels
in Figure 40 (Appendix A) in order to provide consistency is developing comparable levee
heights for various frequency events.

It is expected that the detailed modeling work to be conducted in the PED phase, utilizing
updated topography, will provide more accurate results, eliminate the conservative assumptions
used in the feasibility study, and most likely lower the final barrier heights.

Table 26
Costs of Alternative Levels of Protection
} Selected Plan
(Plan 1: Storm Surge Gate And Levees Along Reaches 3 &4)
6 1/8% discount rate, Oct 2001 price levels, 50-year period

Probabhility of Exceedance

0.02 0.01 0.005 0.002
LeveeiFloodwall Height
{feet NGVD) 16 18.5 205 215
Construction Cost $32,809,800 $35,886,600 $39,069,500 $41,184,400

Engineering & Design (15%) $4,921,500 $5,383,000 $5860,400 $6,177,700
Supervision & Administration g5 595 700 $2,512,100 $2,734,900  $2,882,900

(7%}

Interest During Constructi

(2.5 yoars) g Construction o5 435500 $3.415.000 $3,717,900 $3,919,100
Total Investment Cost $43,150,100 $47,196,600 $51,382.700 $54,164.100
Annualized First Cost $2,785,500 $3,046,700 $3,317,000 $3,496,500
O&M Costs $209.500  $209,500  $209,500  $209,500
Total Annual Costs $2,995,000 $3,256,200 $3,526,500 $3,706,000

The alignment of the line of protection was refined based on physical, environmental, and
economic criteria. The optimal alignment was identified by:

s Avoiding and minimizing adverse effects on study area wetlands,
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e Following high ground o the extent possible to minimize levee costs, and
e Protecting flood-prone structures, which are located in high-density concentrations.

In Table 27, the costs and benefits of four levels of protection for the selected plan are compared.
As shown in this table and discussed in the Economics Appendix (Appendix E), the level of
protection with the greatest net benefits was determined to be elevation +21.5 NGVD, which
would provide protection for 500-year floods. As a result, this level of protection was selected as
the NED hurricane and storm damage reduction plan. It is anticipated that the selected NED
plan (500-year) hurricane and storm reduction portion of this project would have average annual
benefits of $9.7 million and average annual costs estimated at $3.9 million. Annual net benefits
are estimated to be approximately $5.2 million subject to optimization of interior drainage
features. The benefit-cost ratio is anticipated to be 2.32 to one. Subsequent to plan optimization,
the final estimate of the average annual costs for the NED plan was calculated to be $4,163,600.
The average annual damages prevented are $9,092.400, and average annual net benefits are
$4,928,800. The benefit-cost ratio is 2.2.

Table 27
Optimization Of Selected Plan
(Plan 1: Storm Surge Gate And Levees Along Reaches 3 &4)
6 1/8% discount rate, Oct 2001 price levels, 50-year period

Average
Average Annual Reduced AI:::;e Average Average
E;;i‘;iai;:;e Annual ;;‘;::;”e Annual Annual Annual  Annual Net BCR
Damages D amag%s FIA Costs Damages Costs® Benefits
Prevented Incurred Prevented
Q.02 $8,246,400 $681,500 $0 3$7,564.900 $3,169,700 $4395200 239
0.01 $8,877.400 $681,500 $27,800 $8.223.700 $3,446,100 $4,777.600 2.39
0.008 $9,432,300 $681,500 $27,800 $8,778.600 $3.730,000 $5,048,700 2.35
0.002 $9,746,100 $681,500  $27,800 $9,092400 $3,922,100 $5,170,300 2.32

* Costs do not conform to Table 26 due to refinement of interest during construction to 4-year
construction period, rather than previous 2.5 years

The HSDR features of the recommended plan, which would provide a 500-year level of
protection for flood-prone areas of the study area, are described below.

Eastern Alignment - The eastern portion of the line of protection is located mostly within the
Borough of Sayreville (see Figure 7). The top of protection is at +21.5 NGVD. The existing
grade elevations along the entire line of protection excluding the segment that crosses the South
River, range between +4.0 and +20.0 NGVD. Therefore, the height of protection ranges between
0.5 feet and 16.5 feet.
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The line of protection with a total 426 feet of floodwall and 6,081 feet of levee begins at the
northeastern end as a levee starting at a point approximately 250 feet west of the intersection of
Anderson Court and Canal Street behind some newly constructed residential properties. There
will be maintenance vehicle access to the top of the levee at this point. The levee then extends in
a northwesterly direction between the rear property lines of the residential development and the
municipal sewage facility for approximately 500 feet where it meets the eastern bank of the
Washington Canal. The top of the levee will be widened in this area to accommodate a vehicle
turnaround. The levee then transitions to a floodwall due to space restrictions, which runs
southwest along the bank of the canal at the frontage of the sewage facility for approximately
300 feet where it turns south for an additional 100 feet before switching back to levee for the
remainder of its length. The remainder of the 10-foot wide crested and 1V: 2.3H side-sloped
levee is located in an undeveloped area located between the Washington Canal and the South
River to the west and residential development to the east. At this point, the levee runs in a
southeasterly direction for approximately 450 feet then tums to a southwesterly course for 550
feet passing the eastern termination of Hinton Street. Another access ramp will be located at the
end of Hinton Street. The levee makes another slight turn to the west and continues in a
southwesterly direction for nearly 750 feet before turning south for another 600 feet. There will
be another turnaround located in this segment. The levee turns to a southwesterly direction again
and runs paralle] to Weber Avenue at a 300 feet offset for nearly 800 feet, then turns south and
runs again parallel to Weber Avenue this time at a 450 feet offset for approximately 2,150 feet.
There will be a turnaround located approximately at 1/3 of the length of this segment. The levee
then turns southwest and continues for approximately 350 feet until it meets the eastern bank of
the South River where it terminates against a bulkhead, which is essentially the east side of a
storm surge barrier. A maintenance access ramp is to be located at this last change in direction
in the levee. The last 200 feet of levee for closure to elevation +21.5 is located on the western
side of the South River in the Borough of South River. Once across the river, there is a bulkhead
similar to that on the eastern side. The levee begins again and immediately turns to the south
where it continues until it meets high ground alongside Veteran’s Highway within 50 feet of the
western bridge abutment.

Storm Surge Barrier Alignment - The line of protection continues across the river for 320 feet
in the form of a storm surge barrier and a tentatively sized 80-foot wide clear opening storm
surge gate which lies collinear with the levee. A pump station is to be located within the barrier
between the South River west bank and the storm surge gate. Between the eastern side of the
storm surge gate and the east bank of the South River, there will be gravity drains with backflow
prevention of a sufficient size to alleviate build-up of interior drainage in the event that the
pumps fail and the gate does not open. Like the rest of the line of protection, the barrier and
storm surge gate provide protection to an elevation of +21.5 NGVD.

Western Segment - The western portion of the line of protection is located entirely within the
Borough of South River. As with the eastern segment, the top of protection is located at +21.5
NGVD. The grades on the western side of the river are similar to those on the eastern side.
Therefore, the height of protection also ranges from 1.5 feet to 17.5 feet NGVD. The line of
protection with a total of 4,631 feet of levee and 1229 feet of floodwall begins at the
northwestern comer as a levee starting at a point located at the southeast corner of an unpaved
trailer lot off of Tices Comer Road. There will be maintenance vehicle access to the top of the
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levee from this lot. The levee runs southeast for approximately 600 feet thorough a wooded area
until it is within 150 feet of the river bank where it turns to a southwesterly direction. The 10
feet wide crest width with 1 on 2.5 side slope levee then continues along the river bank for an
additional 400 feet where the levee transitions to a floodwall due to space restrictions. There
will be a turnaround provided at the end of the levee in this location. The floodwall is located at
the riverbank. It parallels the river for approximately 900 feet as it bends to the southeast. The
cross-section then reverts back to levee where space becomes available and continues to parallel
the river for an additional 450 feet. There will be vehicle access provided in this segment. At
this location, the levee turns slightly southward and continues in a southeasterly direction, no
longer parallel to the river for approximately 450 feet where it tumns slightly further south and
continues on for another 1,250 feet. The levee then turns further south and continues in a
southerly direction for approximately 350 feet where it ends and a floodwall begins to minimize
impacts to the adjacent wetlands. Vehicle access to the levee will be pravided at this end of the
levee as well. As before, the floodwall runs directly adjacent to and parallel with the river for
400 feet until it meets Veteran’s Highway approximately 100 feet northeast of its intersection
with Water Street. The final segment of the line of protection is a levee which extends from the
end of the last floodwall segment directly adjacent to and parallel with Veteran’s Highway on the
north side for approximately 1,150 feet where it terminates at high ground at elevation +21.5
NGVD. There will be a turnaround at the beginning of this segment and vehicle access at the
end.

Levee Design - Due to differing soil conditions along the alignment, various methods of levee
construction were reviewed to determine the most suitable cross-sections to be used. Two
sections were chosen based on two general recurring soil conditions.

The first condition is a sandy soil foundation which provides adequate structural stability to
support the levee, but has an high permeability rate at several locations based on initial
subsurface testing. Therefore, the levee which will be placed in these areas will include an
impervious core and an estimated length of levee core with a cutoff wall of continuous vinyl
sheet piling driven beneath the levee to insure proper cutoff from under-seepage. These
estimated lengths will be refined based on additional borings to be taken during the subsequent
preconstruction engineering and design phase.

The second soil condition is one in which the soils include large quantities of organic material.
These soils provide poor stability and may be subject to long term settlement, but have very low
rates of permeability. In the areas where these soils occur, they lie in a layer that has a maximum
thickness of 12 feet and is located approximately 5 feet below the surface. The levee cross-
section which is proposed for this soil condition includes a continuous vinyl sheet pile core
which will extend from the top of the levee to an appropriate depth of embedment below the
bottom of the organic soil layer. The sheet piling will provide seepage cutoff for the levee above
grade as well as maintain the required height of protection in the event that long term settlement
of the levee occurs. A soil stabilizing fabric placed under the levee footprint will also be applied
at the surface prior to levee construction to minimize settlement of the levee fill (see Figure 8).
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Floodwall Design - Due to severe space restrictions between developed properties and the bank
of the river in some areas, it is necessary to use a floodwall in place of levee. This floodwall had
to meet several design constraints including: accommodating the limited area for foundation,
ease of construction, providing heights up to 15 feet with full hydrostatic pressure applied,
providing cost effectiveness, providing watertight closure and meeting aesthetic expectations.

Several standard floodwall types were considered including concrete T-walls, and I-walls as
well as a combined concrete with steel sheet wall, but each of these failed to meet all of the
requirements. Therefore, a unique, innovative floodwall design had to be developed. Refer to
Sub-Appendix A of the Hydrology, Hydraulics, and Design Appendix (Appendix A) for
preliminary design computations. :

The proposed floodwall will be of watertight jointed vinyl sheet piling that is partially supported
by a strut beam anchored to a bearing footing to withstand the large hydrostatic forces acting on
the wall. Two continuous wales connected to a support beam will be fixed to the back side of
the wall and angled struts will be placed at an approximate 6 feet spacing along the wall. The
struts will be reinforced concrete filled steel pipes for added sirength that will terminate in a
continuous concrete footing which will be below grade. This design can be placed in both soil
conditions described above. Regquired soil replacement or pile support of the concrete footing (to
be developed in the PED phase) will be included in areas where the organic soils are near the
surface (see Figure 9). It is noted that the use of vinyl sheeting will be substantiated during final
wall design in PED. Vinyl costs are slightly less than steel sheeting, and provide better life
cycle properties. If steel sheeting is found to be required, current vinyl costs plus associated
contingencies cover the cost of the steel sheeting.

Storm Surge Barrier - In order to complete the line of protection, a storm surge barrier must be
placed across the South River just north of the Veteran’s Memorial Bridge. This barrier ties into
the levee and floodwall system on both sides of the river to form continuous blockage from
storm tides insurgence into the flood prone low lying areas of South River and Sayreville. This
barrier will include a large sector type gate providing a tentatively sized 80 feet clear opening,
which will remain open during normal conditions to maintain the natural condition of the
waterway upstream as well as to allow boat traffic to pass freely. During a storm event that has
the potential to cause flooding. the gates will be closed so that storm surges can not translate
further upstream or flank the levees and floodwalls. In order to alleviate any build up of interior
drainage behind the gates during closed times, a pump station will be included in the barrier as
well. Enclosing the pump station within the barrier (as opposed to locating the pump station
with a large concrete sump chamber on the bank) was chosen in order to significantly reduce
project costs. The proposed pumping units are direct drive, diesel powered units with no
electrical backup required for cost effectiveness. A check dam protruding above the river bottom
fronting the intakes was included to preclude shoaling interference. To the east of the gate,
included with the barrier, there will be gravity drains (Gftt X Sft.  box
culverts) with backflow prevention to alleviate build-up of interior drainage along with the pump
station (see Figurel0and 11).
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6.4.2 Selected Hurricane and Storm Damage Reduction Features — interior
Drainage

The storm gate barrier and levee/floodwall protection plan was selected to provide the most cost-
effective protection from storm induced flooding. The three general areas protected are: (1) the
Main River or Main Channel, which includes all areas of the river basin subject to storm surge
inundation south of Main Street and the Veterans Memorial Bridge, (2) the West Segment, in the
Borough of South River north of Main Street, and (3) the East Segment, in the Borough of
Sayreville north of Main Street (see Figure 7). The areas protected from storm surges are subject
to interior residual flooding from storm water runoff. The areas were studied to determine the
specific nature of residual flooding and to formulate and evaluate interior drainage alternatives.

Damage Reach 3 and Reach 4 were modified to facilitate: (1) analysis of interior drainage behind
levees and floodwalls and (2) estimation of residual damage associated with interior flooding.
Reach 3 was divided into Reach 3A and Reach 3B, and Reach 4 was divided into Reach 4A and
Reach 4B.

Following the guidance in Engineering Manual (EM) 1110-2-1413, Hydrologic Analysis of
Interior Areas, the interior drainage facilities were planned and evaluated separately from the
line-of-protection. First, the minimum drainage facility plan or minimumn facilities plan was
identified. The minimum facilitics were the starting point from which additional interior
drainage facilities were compared. As stated in the EM, the minimum facilities should provide
interior flood relief such that during low exterior stages the storm drainage system functions
essentially as it did without flood protection in place, up to that of the local storm sewer design.
The minimum facilities represent the minimum drainage required such that no induced flooding
occurs as a result of construction of the line-of-protection.

Next, the benefits accrued from alternative interior drainage plans were attributable to the
reduction in the residual hurricane and storm damages which may have remained under the
minimum facility condition. Finally, optimum drainage alternatives were selected based on
meeting NED objectives.

6.4.2.1 Analysis Approach

The HSDR features will trap local rmnoff behind the line-of-protection. In order to release the
runoff to the South River or the Washington Canal, outlet pipes with flap valves and sluice gates
to control backflow will be provided along the line-of-protection. In areas where wetlands exist
on both sides of the line-of-protection, some tidal flushing is expected to be required. In these
areas, the outlet or outlets will not have flap gates installed. This will allow ebb and flow
flushing of the wetlands during the normal tidal cycle. During times of storm surges, the
flushing outlets® sluice gates will be manually closed in conjunction with closure of the sector
gate to prevent backflow behind the line-of-protection.

Since the gravity structures cannot discharge runoff against high tailwater or exterior stages, it
was important to develop an understanding of the relationship between the precipitation events
creating significant interior runoff and the storm events creating high exterior stages that block
the gravity outlets.
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Review of historical rainfall and storm data indicated that there was only limited correlation
between significant precipitation events and storm surges. It was expected that only limited
runoff will coincide with a severe storm surge and, conversely, only a limited storm surge may
be expected during moderately severe rainfall. Historical data indicated that the majority of
interior runoff events coincided with a storm surge level less than or equal to a 2-year storm.
Similarly, the majority of significant storm surge events were likely to coincide with runoff
equivalent to a 2-year event or less.

The analysis was conducted for five (5) interior storm events: the 2-year, 10-year, 50-year, 100-
year, and 500-year frequency events. In order to develop a stage-frequency relationship, the
interior precipitation events were routed against exterior tidal marigrams. For the expected
scenarios, the five interior precipitation events were routed against a 2-year exterior storm surge,
and a 2-year interior precipitation event was routed against the five exterior storm surge
frequencies. The highest interior water surface elevation (WSEL) determined for corresponding
coincidental frequencies (e.g., a 2-year interior and 10-year exterior, or a 10-year interior and 2-
year exterior) was identified as the most damaging flood level for the coincidental frequency.
The analysis was performed for both the current and future conditions, including sea level rise.

In order to address risk and uncertainty regarding the dependency of significant precipitation
events and storm surge events, additional analyses were conducted using a normal tide stage and
the 10-year storm surge to establish lower and upper confidence bands, respectively. The
analysis is fully described in the Interior Drainage Appendix (Appendix H).

6.4.2.2 Minimum Facilities

The strategy outlined in EM 1110-2-1413 follows the premise that interior facilities will be
planned and evaluated separately from the line-of-protection, and should provide adequate
drainage at least equal to that of the existing infrastructure. The initial plan represents the
minimum drainage facilities required to implement the line-of-protection plan.

Main River Storm Gate - The main river storm gate consists of an 80-foot wide sector gate
across the South River, just morth of the Veterans Memorial Bridge. The drainage area
impacting the gate is approximately 135 square miles. Discharges impacting the proposed gate
location are shown in Table 28.

Table 28
Maximum Discharges - South River
Frequency Maximum Discharge (cfs)

2-year 2,680
10-year 4,500
50-year 6,500
100-year 7,500
500-year 10,200

The minimum facilities for the main tide gate include: (1) an 80-foot wide sector gate, and (2)
five 10-foot wide by 10-foot high box culverts located in the eastern portion of the storm barrier.

Integrated Feasibility Report & Environmental h'qpact Statement 96

48819

5-6-9



125

[m South River, Raritan River Basin
- Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

West Segment Line of Protection - The West Segment line of protection consists of
approximately 5,850 feet of levees and floodwalls along the South River in the Borough of South
River, north of Main Street and the Veterans Memorial Bridge. The drainage area behind the
levee is approximately 0.69 square miles. The minimum facilities for the West Segment, shown
in Table 29, consist of § primary and 3 secondary outlets.

Tabie 29
West Segment Minimum Facilities
Location
Outlet  {Approximate Size Interior Exterior Tie to Existing
Levee Invert'™ invert Drainage System
Station) {ft NGVD) {ft NGVD)
Secondary 11+00 24" RCP 0.1 0.0 No
Primary 15+00 60" RCP 0.1 0.0 No
Secondary 24+50 24" RCP 0.1 0.0 No
Primary 32+00 60" RCP
680" RCP
60" RCP 0.1 0.0 Yes
60" RCP
Primary 36+00 60° RCP
60°RCP® 0.1 0.0 Yes
60"RCP®
Secondary 44+00 80" RCP 0.1 0.0 Yes

(1) Estimated invert elevation.
_{2) No flap gate installed in order to allow flushing of wetlands.

Fast Segment Line of Protection - The East Segment line of protection consists of
approximately 6,500 feet of levees and floodwalls, along the South River and Washington Canal
in the Borough of Sayreville, north of Main Street and the Veterans Memorial Bridge. The
drainage area behind the levee is approximately 0.54 square miles. The minimum facilities for
the East Segment, shown in Table 30, consist of 4 primary and 3 secondary outlets.

~ Yable 30
East Segment Minimum Facilities
Location
" . Interior Exterior Tie to Existin
Outlet (Apf_r::;;“ate Size Invert™ Invert'™ Drainage Systgm

Station) (ft NGVD) {ft NGVD)
Primary 6+00 36" RCP 0.1 0.0 No
Secondary 13+20 36" RCP 5.1 5.0 Yes
Primary 20+00 60" RCP 2.1 2.0 Yes
Primary 38+20 80° RCPY¥ 0.1 0.0 No
Primary 49+30 80" RCPY 0.1 0.0 No
Secondary 49+50 18" RCPY 0.1 0.0 No
Secondary 58+00 36" RCP™ 5.1 5.0 Yes

Notes:

(1) Estimated invert elevation.

(2) Requires drainage ditch construction outside of the line-of-protection.
{3) Required for environmental purposes; no flap gate installed.

{4) Downstream of NJDOT Mitigation Site pump station.
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6.4.2.3 Alternative Interior Drainage Plans

Alternatives considered during the development of the interior drainage facilities included
pumping and diversion plans. The costs of pumping and diversion alternatives were additive to
the minimum facility cost. The construction of a pump station creates additional capital
expenditures {or first costs) and also increases annual O&M costs. Additional first costs for the
addition of pump stations include mechanical equipment and associated housing. Pump station
Q&M costs include power consumption and equipment replacement. Additional first costs for
the addition of diversion pipes or channels primarily include excavation and construction of the
diversion facilities.

6.4.2.4 Selected Interior Drainage Plans

Alternative interior drainage plans were formulated to provide safe and reliable protection from
interior residual flooding. Due consideration was given to evaluating only alternatives that were
implementable and could be expected to provide equitable protection to properties within the
line-of-protection. Selection of a recommended plan focused on econormics, that is, providing
the optirnum reduction in damages for the cost of protection.

Using the above criteria, a 100 ¢fs diversion of upper drainage area runoff was selected for
recommendation for the East Segment line-of-protection, minimum facilities were selected for
recommendation for the West Segment line-of-protection, while a 1,200 cfs pumping station was
selected for recommendation for the Main Channel line-of-protection. Table 31 summarizes the
selected plan costs and annual damages. ’

6.4.3 Selected Mitigation Plan

Both Mitigation Alternative 2 and Mitigation Alternative 3 are “best buy” plans that are cost-
effective and incrementally justified. The acreages, costs, benefits, and incremental cost/output
were evaluated for each of these plans 1o determine which plan had ecological outputs that were
worth its associated costs. Both plans would involve the conversion of 20 acres of habitat to
wetlands. Mitigation Alternative 2 would result in a gain of 34.7 AAHUs for $3,126 per AAHU
on an average annual basis, or $2.66 million total for mitigation. For one additional AAHU,
offered by Mitigation Alternative 3, it would cost an additional $9,183 on an average annual
basis, or approximately $130,000 total for mitigation. Selection of Mitigation Altemnative 2
would result in a gain of 29.9 FCUs over the No-Action plan. Mitigation Alternative 3 would
result in a gain of an additional 2.9 FCUs. Based on this assessment, it was determined that
Mitigation Alternative 2 was the preferred mitigation altemative of the “best buy™ plans.
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Table 31
Selected Interior Prainage Plan Summary

Numberof  Total First Annual Significant

Street

Gravity Pump Construction tand O&M Annuat Residual Damage Flooding

Basin Facility . : N
Outlets &  Station Cost Cost Cost Elevation  Elevation
Size Size Cost* Damages  p'NGVD)  (RNGVD)
9301t 60" dia.
diversion pipe;
NiA $1,193,600 $22,800 $£7,550 $84,650 $119,400 50 43

East 100cfs 5@36” dia.
Segment Diversion

3@60™ dia.
1@18"dia.
West  Minimum 2@24" dia.
Segment Facilities 9@60" dia. NA - §1,029,700 $0 $8,450 $74,950 $209.100 70 6.5
1.200cfs S@10°x10” box
Channel Pump culverts
T2 Station  4@60” dia. 1,200 cfs  $6,186,340 $0 544,600 $444,000 $326,250 5.0 43
TOTAL $8,409,640 $22,800 $60.600 $603,600 $654,750

All costs at January 2001 price level.
*includes Mini Facilities, Engi ing & Design (E&D), Supervision and Admini ion (S&A), and C

Mitigation Alternative 2 was further evaluated based on the site conditions and the South River
mitigation goal. The goal of mitigation was to replace the total combined number of AAHUs
lost, and a minimum of 50% of the AAHUs lost per evaluation species. Trade-offs can occur
between evaluation species as long as the total combined number of AAHUs is met. Mitigation
Alternative 2 would mitigate for approximately 340% of the total AAHU impacts and would
replace more than 100% of the AAHU impacts for all the species except the clapper rail (68%)
and marsh wren (85%). Because Mitigation Altemnative 2 greatly over-compensates for the
overall AAHU impacts, successively smaller percentages of the selected altemative were
evaluated, and recalculated outputs (AAHUs) and costs, until it reached 50% of the clapper rail
AAHUs. All other evaluation species would meet the mitigation goal of > 50% of the AAHUs
lost, and the total combined number of AAHUs would be 190% of the AAHU lost.

An evaluation of the FCUs gained through implementation of the optimized mitigation
alternative (Mitigation Alternative 2 at 55%) shows that only 80% of the total combined FCUs
lost would be replaced by mitigation. However, the evaluation of FCU gains/losses assumed that
any wetland habitat that would be enhanced or created would be based on the wetland functions
and values (FCls) already present in the study area (i.e.,, analysis used the FCI values for the
existing habitats). Based on an assessment of potential FCI improvements for each of the target
wetland communities, and as per EPW manual guidelines, it was decided that the same wetland
functions would be provided at a level of performance (i.e., increased FCIs per function) needed
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to meet minimum FCU replacement goals. Therefore, the additional FCUs needed to fulfill the
mitigation goal and obtain 100% replacement for the total combined number of FCUs lost would
be obtained by improving specific wetland elements in the planned wetlands for each wetland
function.

Based on these refinements of Mitigation Alternative 2, two conceptual design plans (Plans A
and B) were developed based on the location, hydrology, acreages, and conversions specified in
the selected mitigation plan. Because Plan B is located further from the NJDOT mitigation site,
it was selected. This plan was primarily focused in the largest area of disturbed habitat located
on the unprotected side of the levee. The northern portion of this disturbed habitat was selected
based on the presence of existing hydrology and close proximity to an existing access road.

6.4.4 Selected (NER) Ecosystem Restoration Plan

Using the selected combination of habitats and state-of-the-art wetland design principles, three
site layouts were developed for the NER plan along a continbum of habitat
interspersion/juxtaposition. The layout with the highest degree of habitat continuity, an
intermediate level of interspersion/juxtaposition, and almost continuous bands of the two major
habitats (low emergent marsh and wetland forest/scrub-shrub) was chosen (see Figure 12).
Subsequent design refinements to the chosen layout of the NER plan included: removing tidal
crecks and mudflat from most wetland forest/scrub-shrub areas to decrease the number of
potential areas (in terms of elevation) for wetland Phragmites colonization; replacing the acres of
mudflat and tidal creek removed in the wetland forest/scrub-shrub areas by enlarging and
increasing the sinuosity and density of existing channels; creating more natural channel
morphology and increasing tidal flushing on the marsh surface; and, inserting low emergent
marsh habitat to transition between a large expanse of mudflat habitat and wetland forest/scrub-
shrub habitat in Area 3. The anticipated benefits to ecosystem function and biodiversity from
implementation of the NER plan are expected to be significant (in terms of institutional, public,
and technical significance) and consistent with the Federal, State, and local laws and advance the
goals of the resource management plans contained in Table 32.

*7. ENVIRONMENTAL CONSEQUENCES

Consistent with NEPA and CEQ regulations, plan formulation of HSDR features and ecosystem
restoration features have avoided adverse project effects (project implementation or O&M) to the
fullest extent possible. As described in the South River Avoidance and Minimization Plan, when
adverse effects could not be fully avoided, they were minimized. If minimum adverse effects of
project implementation or O&M are unavoidable, they will be mitigated (see Section 6.4.3).
Following is a summary of anticipated adverse effects of the environmental consequences
anticipated to accompany the alternative plans for HSDR and ecosystem restoration.

The discussion of environmental effects of HSDR measures focuses on the selected HSDR plan.
This is the only plan identified through the plan formulation process as implementable. It has
been optimized at a 500-year level of protection with a levee/floodwall elevation of +21.5
NGVD. The discussions describe the anticipated effects of this plan relative to benchmarks
provided by the no-action alternative.
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Table 32
Resource Significance
South River NER Plan

Program/Act /Policy institutional Public  Technical

“INTERNATIONAL
North American Waterfowl Management Plan (NAWMPF)
North American Wetlands Conservation Act of 1989
. N. Environment Program: Convention on Biological Diversity
Partners in Flight
NATIONAL
National Estuary Program
Anadromous Fish Conservation Act of 1865
Endangered Species Act of 1973
National Wetlands Priority Conservation Plan
National Environmental Policy Act (NEPA)
Migratory Bird Treaty Act of 1918
Water Resources Development Act of 1990, Section 307(a)
Executive Order 11990 of May 1977 (Protection of Wetiands)
Executive Order 11988 of May 1877 (Floodplain Management)
Coastal Zone Management Act (CZMA) of 1972
Public Trust Doctrine of the CZMA
Essential Fish Habitat (EFH)
Sikes Act of 1874
Clean Water Act
REGIONAL
Coastal America Partnership
Emergency Wetlands Resources Act of 1986
American Littoral Society
National Estuary Program (NEP): NY-NJ Harbor Estuary
STATE
New Jersey Natural Heritage Program
New .Jersey Audubon Society (Watch List of Species)
New Jersey Rare, Threatened, and Endangered Species Act
USEPA — New Jersey Designated Priority Wetland
Endangered and Non-game Species Program
Association of New Jersey Environmental Commissions
New Jersey Coastal Management Program
NJDEP: Freshwater and Coastal Programs
New Jersey Landscape Project
New Jersey Conservation Foundation
State & County Mosquito Control Commissions
New Jersey Ducks Unlimited
Green Acres Program
Watershed Associations: Upper Raritan & South Branch

X
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7.1 Environmental Effects of Hurricane and Storm Damage Reduction Measures

The primary impacts of the levee system would be the footprint of the levee on tidal wetlands,
changed tidal flows, and ponding associated with interior drainage behind the levees/floodwalls.
The selected HSDR measures reduce the total acreage of Phragmites habitats by direct removal
and replacement of Phragmites-dominated cover types with levees/floodwalls. These cover type
conversions reduce the amount of Phragmites available to encroach into adjacent wetland
habitats, thus slowing the encroachment of Phragmifes. Albeit, when compared to the No-
Action Plan, construction of the selected plan will result in an overall gain of 1.77 habitat units
(HUs) at year 2005 (estimated year for completion of construction) and an overall loss of 1.07
AAHUSs at year 2055 (USACE 2002).

The levee design includes culverts that would continue to allow tidal flow to the wetland areas
located on the landward side. The only time the hydrology of these wetland areas would be
affected is during storm events when the culverts would be closed to prevent flooding in the
residential areas on the landward side of the levee. Consequently, impacts to these wetland areas
are temporary and minor, and would not require mitigative measures.

The ponding areas were designed to maximize use of existing wetland and/or low-lying areas.
Impacts associated with the interior drainage areas may result in a conversion in wetland cover
type but not a loss of wetlands. The following sections identify the temporary and long-term
beneficial and adverse impacts associated with the selected HSDR measures.

7.1.1 Physical Setting

Impacts on geology, topography, and soils resulting from construction and maintenance of the
HSDR measures are expected to be minimal. No impacts on geology will occur because bedrock
elevations would be below the depth of proposed excavation, fill, and structure foundations.

A change in topography would occur, but is expected to be minimal. The levee would be
constructed of clean fill to a height of +21.5 i NGVD.

Soil erosion is expected to be minimal during construction because the surrounding topography
is flat, reducing stormwater runoff capability. No significant or long-term impacts would occur
on native soil grain size, structure, nutrient status, or organic matter content, because only clean
material will be used for levee construction. In addition. soil erosion and sedimentation would
be minimized during construction through the use of a soil erosion and sediment control plan.

7.1.2 Climate and Weather

Climate and weather will not be adversely affected by construction and maintenance of the
HSDR measures.

7.1.3 Water Resources

Construction and maintenance of the proposed HSDR measures would have no adverse impact to
regional hydrogeology and groundwater resources. Surface water quality will be temporarily
impacted during construction of the storm gate and pump station, and levees/floodwalls because
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of increased suspended sediments in the water column. However, implementation of soil erosion
and sediment control measures will minimize any adverse impacts.

Storm gate closure will result in significant benefits to the local residents by reducing damage
caused by hurricanes and other storm events. The frequency and magnitude of storm surges
within the study area and in adjacent local residential areas would significantly decrease.

The only indirect impact would be a localized reduction in salinity of tidal water behind the
storm gate when it is closed. However, the storm gate only will be closed during unusually
severe storms, when the mean high tide approaches +5ft NGVD. The alteration in salinity
associated with the salt marsh is expected to be minimal. Once the storm gate is open, normal
circulation and tidal inundation patterns will be re-established at the next tidal exchange.
Therefore, the effects of daily tidal exchange are expected to be minimal, because the gate would
open at the next ebb tide event, allowing water exchange and reducing the costs associated with
prolonged pump operation.

7.1.4 Socio-Economics

The HSDR measures would not have significant growth-inducing, or growth-inhibiting, impacts
on existing or future demographic characteristics because the area is almost completely
developed. The Study will have no impact on the number, density, or racial composition of
residents living within the South River area.

The selected HSDR plan would have a direct positive economic impact on existing business in
the study area due to reduced potential for future hurricane and storm damages and to improved
accessibility to businesses during storm events. There also will be a minor, indirect beneficial
economic impact on the local economy during construction as a result of the introduction of
construction workers and the resulting purchase of supplies and food during the construction
phase.

The Project will have a direct positive impact on housing and structures in the study areadue to a
reduction in the potential for future hurricane and storm damage to existing properties, and the
subsequent reduction in associated costs to repair such darmnages. The Plan also will have a
positive impact on residential property values along the South River due to an increase in flood
protection.

7.1.5 Land Use

Construction of the selected HSDR measures will not adversely affect the current land use in the
South River study area. The area’s economic growth and development will not be restricted by
the levees/floodwalls since they have been specifically located in areas that are not suitable for
residential, commercial, or industrial use. Implementation of the selected plan will benefit the
current and future land uses in the South River area by offering improved protection to homes,
businesses, roads, churches, schools, parks, stores, and various other provided services.
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7.1.6 Biological Resources

The construction of the selected HSDR measures will result in adverse and beneficial impacts to
the biological resources in the South River study area. The following sections describe the
impacts to the vegetation, fish and wildlife, and threatened/endangered species located in the
study area.

7.1.6.1 Vegetation

Long-term effects of the selected HSDR plan include changes to vegetation cover types due to
the construction and maintenance of the levees/floodwalls and the storm gate and pump station.
Specifically, a total of 9.41 acres of wetland habitat and 16.49 acres of upland habitat will be
permanently converted to 3.29 acres of wetland herbaceous (i.e., vegetated swale), 2.26 acres of
upland herbaceous, 19.55 acres of upland grass, and 0.80 acres of developed habitat.

The study was specifically designed such that the levees/floodwalls would avoid and minimize
impacts to wetland areas. However, there were several areas where it was impossible to avoid
wetlands due to engineering and/or economic constraints. Based on the EPW assessment, the
selected HSDR plan, and associated habitat impacts and conversions, will result in the loss of
20.74 wetland FCUs at year 2005. As indicated in Table 33, the uniqueness/heritage function
has the highest FCU loss (5.26) followed by sediment stabilization (4.69), water quality (4.54),
shoreline bank (2.75), fish tidal (2.24), and wildlife (1.26). However the proposed mitigation
plan will offset these impacts (see Sections 6.4.3 and 8.2).

Tabie 33
Results of EPW Assessment
Hurricane and Storm Damage Reduction
(FCUs)
Shoreline Sediment Water Fish Uniqueness/
Bank Stabilization Quality Wildlife Tidal Heritage Totals
East

Bank -0.01 2.7 -2.16 0.77 -0.61 -2.92 9.18
et 274 -1.68 238 049 163 2.34 1156
Project -2.75 -4.69 4.54 -1.26 -2.24 -5.26 -20.74

7.1.6.2 Fish and Wildlife Resources

In general, construction of the proposed HSDR measures could have minor, short-term and long-
term impacts on fish and wildlife habitat and populations occurring in the area. During
construction, the clearing and grading of work areas could resuit in the loss of aquatic,
vegetative, and some subsurface cover due to the movement and excavation of soil. These
construction activities could result in the temporary and permanent loss of habitat and possible
mortality of less mobile, burrowing, and/or denning species of wildlife such as mollusks, small
rodents, snakes, turtles, and amphibians. Based on the HEP study, the selected HSDR plan, and
associated habitat impacts and conversions, will result in the loss of 1.07 HUs at year 2055. As
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indicated in Table 34, the yellow warbler has the highest AAHU loss (5.49) followed by clapper
rail (3.18), and marsh wren (2.13). However, the American black duck, American woodcock,
and eastern cottontail would benefit from the proposed project and would gain 0.57, 3.25, and
5.91 AAHUS, respectively.

Table 34
Results of HEP Analysis at Year 2055*
Hurricane and Storm Damage Reduction

{AAHUS)

Black Clapper Marsh Yellow Eastern

Duck Rail Wren Warbler  Woodcock  Cottontail  Totals
East
Bank 0.21 -1.83 -1.60 -3.41 1.97 332 -1.34
West
Bank 0.36 -1.35 -0.53 -2.08 1.28 2.58 0.27
Project 0.57 -3.18 -2.13 -5.49 325 5.81 -1.07
* AAHU values do not inciude the benefit iated with the selected mitigation plan.

Following construction, wildlife species are expected to resume their normal habits consistent
with post-construction habitat availability in and around the study area. lo addition, impacts to
wildlife will be fully compensated through implementation of the selected mitigation plan (see
Sections 6.4.3 and 8.2).

Mammals: Mammals in the South River study area may be temporarily affected by construction
activities. During construction, heavy machinery activity and increased noise levels may cause
mortality of some individuals of less mobile species of small mammals (e.g., mice and voles), or
indirectly cause displacement of individuals near construction activities. However, the mammals
most likely to occur in the area are mobile and tolerant to human activities. Therefore,
disturbances from construction activities would temporarily displace mammals from construction
areas, but these individuals would likely avoid direct mortality and would return to the area once
construction activities cease.

Birds: Birds in the study area would be temporarily or permanently affected by implementation
of the Project. During construction, increased noise and heavy machinery activity could cause
displacement of individuals, nest failure and/or nest disruption in the vicinity of construction.
Species that use the existing wetland habitats, such as the American black duck, Canada goase,
marsh wren, clapper rail, yellow warbler, and red-winged blackbird may be temporarily or
permanently displaced by the habitat alterations that would occur due to construction activities.
Species that use the existing upland habitats such as the downy woodpecker, blue jay, moumning
dove, and cedar waxwing may also be temporarily or permanently displaced by the habitat
alterations that would occur due to construction activities.

There are benefits to birds anticipated from the creation of habitats associated with the HSDR
activities.  Created habitats (e, upland and wetland herbaceous) associated with the
revegetation of the levee and creation of a 10-foot wide retention ditch/swale along the
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levee/floodwall would provide additional foraging habitat. In addition, a variety of bird species
are likely to benefit from the proposed mitigation plan.

Reptiles and Amphibians: Amphibian and reptilian mortality and habitat loss is expected to be
minimal since construction impacts would be concentrated in and around saltwater marsh
habitats, and the majority of the amphibians and reptiles that are likely to occur in the study area
are freshwater species. Similarly, the installation of the floodwall and levee may disrupt or
impede terrestrial migration patterns of reptiles and amphibians, but this effect is expected to be
minimal because they will typically be placed between suitable freshwater habitats and
unsuitable habitats with higher salinities. The majority of the amphibians and reptiles likely to
oceur within the construction area will tend to burrow and hide rather than flee. Therefore,
construction activities could result in the possible mortality of some individuals.

Reptiles and amphibians are expected to see some benefits from the selected storm damage
reduction plan due to the creation of a 10-foot wide freshwater wetland retention ditch that
would be constructed along the landward side of the levee/floodwall. In addition to the retention
ditch, the ponding areas would provide additional freshwater habitats that could be used as
breeding and feeding grounds for various species of amphibians and reptiles.

Shellfish: Construction of the HSDR measures will have an immediate adverse effect on
shellfish species within the South River study area, but is expected to be minimal given the small
footprint of the area that will actually be affected. During construction of the storm gate, any
sessile shellfish in the immediate area would be buried while most motile shelifish species (e.g.,
crabs) would relocate to an area outside of the immediate impact area.

Levee and floodwall construction will be limited to the upland areas adjacent to the salt marshes
and some wetland areas along the edge of the marsh. In areas where levees or floodwalls are
constructed in the marsh/wetlands, a short, one-time direct burial of existing shellfish will accur
if any are present at the time. No long-term adverse impacts to the shellfish are expected as a
result of the construction of the levees and floodwalls (USACE 1989).

Finfish: Construction of the levees/floodwalls will not directly impact finfish. However,
construction of the storm gate will have an indirect, short-term impact on fish species in the
immediate study area. Motile species would likely avoid burial during installation of the storm
gate by relocating outside of the placement area. However, the potential for some fish mortality
and burial of eggs may exist and some benthic feeding fish species may also experience
temporary displacement of food until appropriate food sources recolonize the area. However,
these and other fish that are present at the time of construction are expected to feed in the
surrounding area and will be unaffected by the temporary localized reduction in available benthic
food sources.

Daily or seasonal migratory patterns of anadromous fish species could be impacted by
construction of the storm gate. Long-term effects may include impacts to fish located on the
protected side of the storm gate. Fish trapped on the protected side of the storm gate may
experience mortality by being drawn through the pump intake during periods of operation.
However, the gate would open at the next ebb tide event, allowing water exchange and reducing
the costs associated with prolonged pump operation.
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An increase in suspended solids can affect fish populations by delaying hatching time of fish
eggs (Schubel and Wang 1973), and potentially clog and damage the gills of fish species (Uncles
et al. 1998). However, suspended sediment would settle quickly out of the water column thus
causing minimal impacts to the fish community. Harper (1973) found fish utilizing the increase
in turbidity as a way of providing temporary protection from predators.

Benthic Resources: Negative impacts to the benthic community would include direct
smothering of sessile benthic invertebrates within the construction area of the storm gate. During
construction activities, motile invertebrates will be able to escape without injury. Maurer et al.
{1978) found some infaunal bivalves, crustaceans, and invertebrates migrating vertically through
more than 0.3 meter of sediment for survival. The burial of benthic prey organisms could cause
a temporary decrease in food availability for fish and shellfish in the study area, causing them to
temporarily relocate to nearby unaffected areas to feed.

The placement of the storm gate would provide long-term beneficial impact to the benthic
community by increasing hard substrate for attachment of sessile plants and animals; providing
more shelter for small fish; and, increasing food supply for predatory fish.

Construction of the levees/floodwalls will be limited to the upland areas adjacent to some
wetland areas. In arecas where levees or floodwalls are constructed in the marsh/wetlands, a
short, one-time direct burial of existing marsh invertebrates will occur if any are present at the
time. No long-term adverse impacts to the existing marsh surface benthic invertebrates are
expected as a result of the construction of the levees/floodwalls.

7.1.6.3 Threatened and Endangered Species

The construction and maintenance of the proposed HSDR measures will not impact any
Federally or state listed endangered or threatened species, areas of designated critical habitat, or
essential fish habitat (USFWS 2000b, USFWS 1999, and NMFS 1999) (Appendix D).

7.1.7 Cultural and Historic Resources

In order to determine the impact of the proposed project upon cultural and historic resources,
investigations were conducted for the Area of Potential Effect (APE) to ascertain if cultural
resources were present. The APE consists of the area impacted by the proposed levee/floodwall
system and storm surge gate or barrier, the proposed ecosystem restoration area, and the areas
selected for mitigation of the wetlands impacted by the construction of the levees/floodwalls
(Figure 7). The APE lies in the Boroughs of Sayreville and South River, Middlesex County,
New Jersey. There are remains extant that are probably from the brick industry that thrived into
the second half of the twentieth century. Intact subsurface cultural resources from the brick
industry have been encountered in a previous project just north and east of the APE (Louis
Berger & Associates, Inc. 1990). Even though 90 percent of the terrain within the APE was
shown to be disturbed, undisturbed, culturally sterile, strata were encountered within the APE of
the east levee footprint (Panamerican Consultants, Inc. 2001).

Results of the Phase I survey (Panamerican Consultants, Inc. 2001) of areas potentially affected
by the selected hurricane and storm damage plan are as follows.
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East Levee/Floodwall Footprint: Three archaeological sites were documented including five
historic period structural features and one artifact locus. In addition, the geomorphologist
identified a location that contained buried natural surfaces. The project, as currently designed,
will not impact any significant cultural resources, including the viewshed.

West Levee/Floodwall Footprint: No cultural resources were encountered within the APE of
the west levee/floodwall footprint. While this area has a documented rich cultural past, no intact
remains were encountered. If no changes are made to the current project design, further
investigation is not being recommended. Viewshed will not be impacted.

Should cultural resources be encountered during construction, all work should be halted and the
find reported to the Corps project archaeologist. Construction should not resume until an
assessment of the resources involved has been carried out by the project archaeologist and
coordination with the New Jersey Historic Preservation Office (NJHPO) has been completed.

Natural ponding areas will not be investigated, but ponding areas requiring excavation, pump
stations, the storm surge gate/barrier and access roads will require Phase 1 cultural resource
investigation as will any changes to existing project plans. Staging areas not located on
macadam or other hard surface will also be subjected to investigation. The areas selected for
mitigation have not yet been subjected to subsurface investigation. All future cultural resource
investigations will be coordinated with the NJHPO.

The proposed construction within the APE will have no impact on significant cultural resources
as long as work is conducted as described, the project design does not change, and existing
historic property is avoided. These areas will be indicated on project plans. The plans and
specifications will be coordinated with the New Jersey Historic Preservation Office (NJHPO)
through the Corps archaeologist.

7.1.8 Air Quality

A conformity demonstration is required for each pollutant where the total direct and indirect
emissions from a Federal action exceed the corresponding de minimis level. To evaluate the
applicability of General Conformity requirements, all sources of emissions associated with the
Federal activity must be evaluated. As the first step in the process, a preliminary air quality
assessment was conducted for the construction, operation, and maintenance of the hurricane and
storm damage reduction measures as well as the mitigation and restoration measures.

Preliminary air emission estimates for direct and indirect sources were made based on emission
estimates generated from similar activities for the Environmental Impact Statement for the
proposed Meadowlands Mills Project (Environmental Impact Statement for the Department of
the Army, Application Number 95-07440-RS by Empire LTD, 2002). Rough emissions
estimates were based on a comparison of the relative sizes (i.e. ratio of fill material) of the two
projects for the associated activity. This emissions estimation methodology will be refined in the
Statement of Conformity, factors such as fill material transport distance and operating
parameters will be incorporated in the final emissions calculations.

Direct emissions are those emissions that are caused or initiated by the Federal action and occur
at the same time and place as the action. For the proposed project, the direct emissions would be
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those emissions generated from levee construction activities and from the mitigation and
restoration activities.

Indirect emissions are those emissions that are caused by the Federal action, but may occur later
in time and/or may be further removed in distance from the action itself but are still reasonably
foreseeable, and the Federal agency will maintain control over them. For the proposed project,
the indirect emissions would include emissions during construction activities from transport of
fill material to the site from off-site locations and from construction workers commuting to the
site, and future emissions generated from the pump station. The projected emissions are
summarized in Table 35.

Table 35
Summary of Project Air Emissions
NOx voC co
Tonlyear Ton/day | Toniyear Ton/day | Tonlyear Tonl/day
Direct (Construction)

Levee construction 1.32 0.007 0.13 <0.001 0.65 0.004
Wetiands construction 486.05 0.148 3862 0.012 286 0.092
Total Construction |  47.37 0.155 3.75 0.012 29.25 0.096

Iindirect {Transportation)
Fill material transport 1.33 0.004 0.22 0.0008 1.03 0.003
Employee commuting 1.8 0.005 1.40 0.0038 10.2 0.028
Total Transportation 313 0.009 1.62 0.0044 11.23 0.031
Project Total 50.5 0.164 5.37 0.017 40.5 0.126

The preliminary total direct and indirect NOx emissions are projected to exceed the de minimis
threshold of 25 tons per year. Projected total direct and indirect VOC and CO emissions are
expected 10 be below the de minimis threshold levels of 25 tons per year and 100 tons per year,
respectively.

These preliminary estimates will be refined in the next project phase (Preconstruction,
Engineering and Design) when the Corps conducts a detailed, comprehensive quantitative
analysis to more precisely quantify all emissions from the South River Project and to determine
conformity accordingly. At this point, the Corps has established an approximate timeline for
demonstrating conformity:

e Conduct detailed emissions analyses (Dec 2002 — Jan 2003)
*  Assess emissions results k (Feb 2003)
e Evaluate conformity options (Feb 2003)
¢ Conduct detailed mitigation assessmenf (Mar 2003)
s Formal agency/public review of proposed mitigation
and draft General Conformity Determination (Apr 2003)
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» Respond to agency/public comments (May 2003)

« Publish final General Conformity Determination
and summarize process/results/mitigation in ROD (May 2003),

The Corps will conduct this process in close consultation with the USEPA and the NJDEP.

As necessary, in addition to pursuing mitigation alternatives like emission offsets, emission
credits, emission reduction technologies, and operational modifications to reduce emissions, the
Corps is aware that, per 40 CFR 93.158(a)(5)(i}(A), conformity can be demonstrated if the
emissions from the action along with all other emissions in the area would not exceed the
emission budget specified in the SIP. For example, the preliminary NOx emissions from the
project represent an insignificant portion of the emissions budgeted in the New Jersey SIP for
2003, so the potential exists for direct and indirect NOx emissions from the project to
demonstrate conformity with the SIP. Once detailed information is available, the Corps will
explore this option with the NJDEP.

7.1.9 Noise

Construction of the HSDR measures would result in a temporary, but minor increase in noise as
a result of the use of construction equipment. Maintenance and operation of the proposed storm
gate, floodwalls, and levee would have no impact on noise.

Minor short-term impacts on noise levels would result from the construction phase. Site
preparation (generally two weeks prior to construction), construction activities, and the necessary
heavy equipment are likely to produce noise levels in the 70 to 90 dBA range (50 feet from the
source). These noises would be masked by the high background levels of traffic and community
activity or dissipated by distance. Additional noise may be created during the operation of the
pump station; however, this noise would be minimal due to the infrequency of its use.

7.1.10 Recreation

The Washington Canal and South River navigation project was designed to handle the
commercial navigation associated with the brick industry. The channel is now oversized for the
small pleasure craft, which are the sole users of this waterway.

The width of the navigation channel at the location of the stormn surge barrier is 150 feet. Of
concern is whether the 80-foot gate opening is adequate for the current vessel traffic. There isa
Conrai] railroad swing bridge a short distance upstream of the sector gate. This swing bridge has
a clear opening of approximately 40 feet, which is half the opening of the sector gates. Since
vessels safely transit the 40-foot railroad bridge, the proposed 80-foot sector gate should be more
than adequate. The gate was sized to limit velocities through the gate, during the highest
astronomical tide, to 4 feet per second to allow vessels to transit through the gate at all phases of
the tide. Under normal, mean tide, conditions, it can be expected that currents would be weaker.

The United States Coast Guard was contacted to evaluate the impacts of the proposed gate on
vessel navigation. Their response stated they had no objection to the completion of the project,
as discussed in the Hydrology, Hydraulics, and Design Appendix (Appendix A).
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The Project will directly impact two Green Acre areas, including Varga Park and Recreation
Area and an unnamed parcel located in the southeastern portion of the Project Area near the
Sayreville/South River Bridge. Although the District has specifically aligned the levee/floodwail
footprint to minimize impacts to these two areas, due to their proximity to the South River and
adjacent residential/developed areas it was impossible to avoid them. Consequently, the District
will coordinate with the NJDEP and NJ State House Commission to obtain the necessary permits
and approvals to traverse these areas.

There will be no long-term direct or indirect impacts to any existing or planned recreational areas
after construction of the proposed hurricane and storm damage reduction measures. Minor,
temporary impacts associated with bird watching, hiking, fishing, biking, and boating may occur
during construction activities. Once construction is complete, there will be additional
recreational opportunity such as walking, running, or biking along the top of the levee. In
addition, the mitigated and restored habitats in the study area will increase the aesthetic value of
the area.

Although the storm gate will be located downstream of a small boat marina, access to the Raritan
River will only be restricted during severe storm events when the gate is closed for HSDR

purposes.
7.1.11 Aesthetics

Due to the highly developed nature of the study area, the proposed HSDR measures would not
adversely impact the aesthetic and visual character of the South River study area.

The earthen levee will create a raised, curving, linear landscape element that is different from the
surrounding natural environment. The vegetation cover for the earthen levee will be different
from the adjacent plant communities, creating an abrupt edge effect in both color and texture at
the toe of the levee. The differences in the form, line, color and texture of the levee will also
serve to visually encapsulate the wetlands landscape from certain isolated viewsheds or visual
vantage points.

7.1.12 Hazardous, Toxic, and Radioactive Waste

No HTRW issues are anticipated to arise during project implementation. Should any concerns
arise during the construction phases, procedures for this contingency will be specified in the
construction contract. Due to the geology of the region, arsenic in the soil and sediment on
Clancy Island is a constituent of potential concern and may, in some locations, exceed NJDEP
Soil Clean Up Criteria. However, for proposed ecosystem restoration and mitigation activities,
arsenic levels are not anticipated to affect project implementation.

7.1.13 Transportation and Other Infrastructure

Construction activities will result in minor, temporary impacts to traffic flow and volume. An
increase in large slow-moving construction vehicles needed for floodwall/levee and tide gate
construction will decrease traffic flow and increase traffic volume in the area. To help alleviate
the temporary impacts associated with construction activities, flagmen could be available and
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construction signs will be posted. Upon completion of construction, no adverse impacts to local
transportation systems would occur.

Conversely, the proposed levees/floodwalls will allow the local roadways to remain accessible
during storm and flood events, including routine and emergency access to and from residences
and businesses. In addition, the proposed Project will reduce the incidence and cost of road
damage due to flooding.

7.1.14 Unavoidable Adverse Environmental Effects of Hurricane and Storm
Damage Reduction Measures

The construction of the selected HSDR measures would result in certain unavoidable adverse
impacts on the environmental resources located within the South River study area. Initial
construction activities primarily involve ground disturbance to accommodate permanent HSDR
structures and an increase in elevation from the installation of levee/floodwalls. Temporary and
localized adverse environmental effects that may occur during construction include: an increase
in traffic, an increase in noise levels due to construction equipment, an increase of sedimentation
into water resources during construction, loss of less mobile wildlife, disturbance of existing
vegetation, and disruption of aesthetic, visual, and recreational resources.

The implementation of the selected HSDR plan is expected to genérate numerous long-term
beneficial impacts that would offset temporary adverse environmental impacts. These long-term
beneficial impacts include a potential increase in property values due to reduced flooding
concerns, a potential reduction in the cost of flood insurance, an increase in available recreational
areas, and restoration/creation of an expansive salt marsh ecosystem that would subsequently
provide valuable wildlife habitat. Implementation of the levee planting plan would offset some
of the direct impacts to wildlife habitat and wetland resources associated with installation of
permanent HSDR structures.  Additionally, impacts to the quality and quantity of wildlife
habitats and wetland functions would be fully compensated through implementation of the
selected mitigation plan.

7.2 Environmental Effects of Restoration Measures

Implementation of the restoration measures associated with the NER Plan will convert 379.3
acres of Phragmites to: 151.7 acres of tidal salt marsh, 19.0 acres of mudflat, 19.0 acres of open
water (equally divided between tidal creeks and tidal ponds), and 170.7 acres of wetland
forest/scrub-shrub (with 19.0 acres of interspersed upland forest/scrub-shrub islands). When
compared to the No-Action alternative, the selected NER Plan will result in a net gain of 299.4
AAHUSs (14,969 total cumulative HUs) during the course of the 50-year Project life and a net
gain of 116.2 FCUs at the year of construction (USACE 2001a).

The primary impacts of the restoration measures associated with the selected NER Plan will be a
change in habitat cover type and corresponding plant community elevation on the island
(Restoration areas 1-3; 333.3 acres) and on one section adjacent to the island (Restoration area 4;
46.0 acres). The habitat conversations and resulting changes in community elevation will
indirectly impact the entire restoration area (Restoration areas 1-4) by modifying the magnitude
and duration of tidal fluctuations. As currently designed, tidal flushing should increase
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throughout the interior and perimeter (e.g., the old South River channel) of the island, increasing
water circulation and more consistently maintaining the area’s salinity within mesohaline
concentrations.

The following sections identify the temporary and long-term beneficial and adverse impacts
associated with implementation of the restoration measures in the selected NER Plan.

7.2.1 Physical Setting

Impacts on geology, topography, and soils resulting from construction and maintenance of the
restoration measures associated with the NER Plan are expected to be minimal. No impacts on
geology will occur because bedrock elevations are estimated to be well below the maximum
depth of proposed excavation: 6.4 feet of excavation for permanently flooded tidal pond habitat
(USACE 1599¢). [Note: all elevation data in section 7.2.1 are in NADS3 coordinates and
referenced to the New Jersey State Plane Grid].

Topography changes will occur throughout the entire restoration area (379.3 acres), but they will
not exceed a reduction of elevation by 6.4 feet (permanently flooded tidal pond; 9.5 acres) and an
increase in elevation of approximately 3.0 feet (upland forest/scrub-shrub; 19 acres). In addition,
salt marsh habitat (151.7 acres) will require excavation of 2.1 feet, tidal creeks (9.5 acres) will
require excavation of 4.7 feet, and wetland forest/scrub-shrub (170.7 acres) will require the
deposition of 1.0 feet of soil. The excavation and deposition of material outlined above is based
on the results of an extensive vegetation mapping and biobenchmarking survey (USACE 1999¢)
that determined the mean elevation of Phragmites (2.5 feet) and the mean elevation of each
proposed habitat in the restoration area.

Soil erosion during construction will be minimized to the fullest extent possible by strict
implementation of a sediment and erosion control plan, developed in the PED phase.
Approximately $1.5 million has been estimated for sediment and erosion control in the
construction phase. Potential negative effects on water turbidity will also be reduced by
blocking the primary hydrologic influence (i.e., tidal flushing) in those areas where construction
is actively occurring. Since the existing and proposed topography of the restoration area is
generally level, the erosive capability of stormwater runoff should be minimal.

Soil erosion with the NER Plan is estimated to be less than with the No-Action alternative. The
EPW wetland functional assessment measures the potential for soil erosion in two ways —
through a category for sediment stabilization (i.e., a measure of the wetland’s capacity to
stabilize and retain previously deposited sediments within the wetland) and a category for
shoreline bank erosion control (i.e., a measure of the wetland’s capacity to provide erosion
control and dissipate erosive forces at the shoreline bank). As with the calculation for all FCUs,
the sediment stabilization FCU was estimated by multiplying the FCIs of the existing habitats by
their respective acreages, and then subtracting the product of the FCIs of the proposed habitats
multiplied by their respective acreages. Although the FCU for sediment stabilization for the
NER Plan is —~47.41, the difference is primarily due to the zero rating mudflat and open water
cover types received as compared to Phragmites, not to Phragmites performing the sediment
stabilization function significantly better than salt marsh or wetland forest/scrub-shrub (both of
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which had FCI values within .04 of that for Phragmites). In addition, the FCU for shoreline
bank erosion contro] for the NER Plan is 75.27.

No significant or long-term impacts will occur to native soil grain size or structure because the
NER Plan does not require the placement of any offsite material. The need for fertilizer
amendments to facilitate the growth of planted species will be assessed in the PED phase. The
need for amendments will be based on replicating the soil nutrient and organic matter content
most suited for plant growth in the different habitat types.

7.2.2 Climate and Weather

Climate and weather will not be adversely affected by construction and maintenance of the
restoration measures associated with the NER Plan.

7.2.3 Water Resources

The restoration measures associated with the NER Plan will positively impact surface water
quality in the South River watershed in two primary ways. First, the increased tidal circulation
within and around the island will act to keep the system well flushed and aerated, promoting
nutrient and detritus exchange among the salt marsh, mudflat, and tidal creek/tidal pond systems.
Second, by decreasing the elevation of a large section of the island to create salt marsh (151.7
acres) and mudflat (19.0 acres), a greater percentage of the tidal cycle will be captured. That is,
currently the mean elevation of Phragmites in the restoration area, 2.5 feet (USACE 1999¢), is
at a height where the mean daily duration of flooding is less than about 25% (WES 2000). In the
same report, it was found that the lower zone of existing Spartina alternifiora had a mean daily
duration of flooding greater than 50%.

The importance of the extent to which the tidal cycle interfaces with intertidal habitat is
fundamental to the ability of a wetland to remove sediment from incoming waters. S
aiterniflora in the lower elevation reaches of an intertidal salt marsh exists in a much more
energetic zone than the higher elevation reaches of a wetland, and correspondingly has the
potential and capacity to trap more suspended sediments. In this way, water clarity (ie., a
reduction in turbidity) can be positively correlated with the duration and frequency of flooding in
an intertidal wetland. The NER Plan will increase the duration and frequency of flooding in the
restoration area, and at the time of construction will generate 10.9 water quality FCUs (USACE
2001a).

It is not anticipated that any negative impacts will occur to regional hydrogeology and
groundwater resources. Impairments to water quality during construction due to increased
suspended sediments will be minimized to the fullest extent possible by strict implementation of
a sediment and erosion control plan, developed in the PED phase, as well as meeting all
requirements of State and local permits necessary for construction. Potential negative effects on
water turbidity will also be reduced by blocking the primary hydrologic influence (i.e., tidal
flushing) in those areas where construction is actively occurring.

Integrated Feasibility Report & Environmental Impact Statement 115

48819

5-6-9



144

‘ m t- South River, Raritan River Basin

Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

7.2.4 Socio-Economics

The restoration measures associated with the NER Plan will not have significant growth-
inducing, or growth-inhibiting, impacts on existing or future demographic characteristics because
the restoration area is all currently wetlands and not suitable for most residential, commercial, or
industrial uses.

7.2.5 Land Use

The restoration measures associated with the NER Plan will not adversely affect current land use
practices in the South River study area in general or in the restoration area in particular, because
the NER Plan will not alter the jurisdictional status of the wetlands in the restoration area.

7.2.6 Biological Resources

Implementation of the NER Plan will produce both ecological (measured via HEP as AAHUs)
and wetland functional (measured via EPW as FCUs) benefits to the South River watershed, as
well as the larger Raritan River estuary. HEP (Table 36) and EPW (Table 37) demonstrate that
implementation of the selected NER Plan will measurably improve biodiversity and ecological
function in the South River study area. The wildlife benefits quantified by AAHUs and the
wetland functional benefits quantified by FCUs reflect landscape level changes in plant
community composition and in wetland structure and organization, respectively, that directly
translate into ecological benefits like increasing habitat biodiversity, restoring under-represented
wetland habitat, restoring habitat for rare or special interest species, increasing tidal flushing of
wetlands, improving water quality, and reducing shoreline erosion.

Table 36
Results of HEP Analysis
Ecosystem Restoration
(AAHUSs)
Black  Clapper Marsh Yellow Eastern
Duck Rail Wren  Warbler  Woodcock Cottontail  Totals
No-Action
Alternative 69.1 2300 186.7 222 280 52.8 588.8
NER Plan 114.0 174 .1 1425 131.0 120.2 206.3 888.1
Difference 449 -85.9 -44.2 108.8 922 163.5 2993
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Table 37
Results of EPW Assessment
Ecosystem Restoration
{FCUSs)

Shoreline  Sediment Water S Fish Uniqueness/
Bank  Stabilization Quality WI9W€ Tidai  Heritager  1Otals
No-Action
Alternative 163.8 3457 2943 1554 538 NA  1,013.1
NER Plan 239.1 2883 3052 1852 101.5 NA 11,1293
Difference 75.3 -47 .4 10.9 208 4786 NA 116.2
* The unig /heritage function was not included in the calculation b the FCI value was already optimal, and

implementation of the NER Plan will not lower the value,

7.2.6.1 Restoration Impacts

The NER Plan design provides a template for converting one cover type (Phragmites) to several
others (salt marsh, tidal creek, tidal pond, mudflat, wetland forest/scrub-shrub, and upland
forest/scrub-shrub). Since an environment's physical structure is integrally linked to its ability to
perform certain ecosystem processes, any conversion in cover type has corresponding real world
effects that directly relate to changes in ecosystem processes. For example, when Phragmites is
converted to salt marsh, nutrient and energy flow are impacted by the subsequent increase in the
frequency and duration of flooding on the marsh surface. Salt marshes are among the most
productive ecosystems in the world; regular and sustained tidal flushing transports detritus (i.e..
dead organic matter — and corresponding nutrients and energy) to nearby aquatic areas where it is
available for consumption by a variety of small fish, crabs, mussels, and snails. These species
then provide food for numerous other species in the interconnected salt marsh food web (e.g.,
shorebirds, wading birds, waterfowl, and predatory fish).

This change in ecosystem processing is reflected in the almost doubling of the Fish Tidal
function, as measured by EPW, from 53.9 FCUs with the No-Action altemative to 101.5 FCUs
with the NER Plan (Table 37). The net increase in the Fish Tidal function (47.6 FCUs) is partly
the result of the specific layout of mudflat, tidal creeks, tidal ponds, and salt marsh specified in
the NER Plan design, which was designed to mimic the natural pattern of zonation typically
found in salt marsh communities. Essential Fish Habitat (EFH) will also benefit from this
design; bluefish and winter flounder EFH species have been found in the South River (USACE
2000a, USACE 2000b, and Barno 1995). The NER Plan will also improve the value and
availability of spawning and nursery habitat for anadromous fish species; American shad and
alewife have been found in the South River (USACE 2000b).

The NER Plan will replace the vast monotypic Phragmites community, which has relatively low
value to wildlife, with more biologically diverse habitat with value to a wide variety of wildlife
species (Table 36). Relative to the six species used in the HEP evaluation, HEP calculations
yielded the greatest benefits to the yellow warbler and woodcock, increasing by 5.9 and 4.3
times, respectively, their AAHUs relative to the No-Action alternative (Table 36). The New
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Jersey Audubon Society has compiled a Watch List that identifies high priority bird species
based on lists developed by Partners in Flight (National Audubon Society 2001). The American
woodcock is on this Watch List for the State of New Jersey. Another HEP species used in the
calculations for the NER Plan, the American black duck (AAHUSs increased 1.65 times more
than the No-Action Alternative; Table 36) is also on the New Jersey Watch List. Implementation
of the NER Plan will restore habitat for both of these species, with 44.9 AAHUs for the
American black duck and $2.2 AAHUs for the woodcock.

In addition, the American black duck has been identified by the Atlantic Coast Habitat Joint
Venture partnership, under the North American Waterfow] Management Plan (NAWMP), as a
species of concern in New Jersey. Since the goals of the NAWMP include protecting and
restoring wetland habitat for migratory waterfowl, and the South River watershed is located
along the major Atlantic migratory bird flyway, the NER Plan will restore important migratory
bird habitat, for the American black duck and numerous other species, in an area where open
space and high quality wetland habitat is limited.

Although the total AAHUs for both the clapper rail and the marsh wren are reduced by
approximately 75% under the NER Plan (Table 36), in both cases this result is a function of a
large amount of poor quality habitat (i.e., Phragmites, with a low HSI rating) being replaced by a
smaller amount of high guality habitat (i.e., salt marsh, with a high HSI rating) (USACE 2001a).
In the case of the clapper rail on the island, 347 acres of Phragmites (HSI = 0.55) will be
converted to, among other things, 131 acres of salt marsh (HSI= .92) (most of the HUs for the
clapper rail are accrued through the salt marsh cover type) (USACE 2001a). Similarly, in the
case of the marsh wren on the island, 347 acres of Phragmites (HSI = 0.47) will be converted to,
among other things, 131 acres of salt marsh (HSI = 0.83).

7.2.6.2 Construction Impacts

In general, construction of the restoration measures associated with the NER Plan will have
minor, short-term impacts on fish and wildlife resources in the area as a result of temporary loss
of habitat and possible mortality of less mobile, burrowing, and/or denning species of wildlife
such as crabs, mollusks, small rodents, snakes, turtles, and amphibians. Since construction
activities will not occur across the entire restoration area at one time (i.e., construction in the
different restoration areas will most likely be phased in over time, depending on available funds)
motile organisms will have undisturbed areas available for short-term relocation.

Mammals in nearby upland areas that utilize Phragmites (e.g., mice, voles) might be ternporarily
displaced during construction, but will likely avoid direct mortality and return to the area once
construction activities cease. Bird species utilizing the existing wetland complex, such as
American black duck, Canada goose, marsh wren, clapper rail, yellow warbler, and red-winged
blackbird, will be temporarily displaced by the construction activities and could experience nest
failure and/or nest disruption, but are also expected to return once construction activities cease.
Increased noise and heavy machinery activity in the wetlands could disturb nearby upland bird
species as well.

Negative impacts to the benthic community will include direct smothering of benthic
invertebrates (e.g., shellfish, crabs, snails, worms, etc.) and slow-moving vertebrates (e.g.,
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turtles). It is expected that these species, after construction, will return to the restored areas from
nearby wetlands. Although some fish and fish eggs might experience direct mortality, most
species will be able to relocate during construction and return after construction is complete.

7.2,6.3 Threatened and Endangered Species

Although no Federally listed species bave been identified within the restoration area, the
Federally listed threatened bald eagle (Haligeetus leucocephalus) may utilize habitats in the
vicinity, and the NER Plan will improve habitat for the bald eagle and provide more
opportunities for foraging in the open marsh. A Federal species of concern in the region, the
diamondback terrapin, will also benefit from a restored estuarine environment.

By providing increased cover and opportunities for foraging and nesting, the proposed ERP will
improve habitat for many of the State of New Jersey endangered and threatened species observed
in the restoration area (Section 3.6.3.2; e.g., black skimmer, northern harrier, peregrine falcon,
yellow-crowned night heron, osprey, black-crowned night heron, and American bittern).
Restoration of wetland habitat for these rare and special interest species can aid in their recovery.

7.2.7 Cultural and Historic Resources

As discussed previously, investigations were conducted for the Area of Potential Effect (APE) to
ascertain if cultural resources were present. Resuits of the Phase I survey (Panamerican
Consultants, Inc. 2001) of areas potentially affected by the selected ecosystem restoration and
mitigation plans are as follows.

Wetland Restoration Area/South River Meander Belt: Due to field conditions, only one of
eight proposed test locations was tested. The test revealed four natural strata. To date, no
cultural materials have been found. The remaining seven test locations should be tested in the
subsequent field effort. If further natural strata are located, they will be dated by radiocarbon.

The Washington Canal: Cultural resource investigations have determined that the Washington
Canal may be eligible for the National Register of Historic Places and may be impacted by the
ecosystem restoration portion of the current project. Since the Canal facilitated economic growth
of the South River and Sayreville communities, it is potentially eligible to be listed on State
and/or National Registers of Historic Places. A Determination of Eligibility for the Canal will
need to be carried out if this portion of the project is carried out. Since project impacts are
possible, a Phase II investigation is recomumended to determine the Canal’s eligibility if it will be
impacted.

Should cultural resources be encountered during construction, all work should be halted and the
find reported to the Corps project archaeologist. Construction should not resume until an
assessment of the resources involved has been carried out by the project archaeologist and
coordination with the New Jersey Historic Preservation Office (NJHPO) has been completed.

The proposed construction within the APE will have no impact on significant cultural resources
as long as work is conducted according to recommendations of the Phase I cultural investigation
feasibility report (Panamerican Consultants, Inc. 2001). This area will be indicated on project
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plans. The plans and specifications will be coordinated with the New Jersey Historic
Preservation Office (NJHPO) through the Corps archaeologist.

7.2.8 Air Quality

As noted in Section 7.1.8, a preliminary air quality assessment was conducted for the
construction, operation, and maintenance of the hurricane and storm damage reduction measures
as well as the ecosystem restoration measures. Based on this assessment, projected total direct
and indirect NOx emissions are projected to exceed the de minimis threshold of 25 tons per year.
Total direct and indirect VOC and CO emissions are estimated to be below the de minimis
threshold levels of 25 tons per year and 100 tons per year, respectively.

These preliminary estimates will be refined in the next project phase (Preconstruction,
Engineering and Design) when the Corps conducts a detailed, comprehensive quantitative
analysis to more precisely quantify all emissions from the South River Project and to determine
conformity accordingly. At this point, the Corps has established an approximate timeline for
demonstrating conformity:

¢ Conduct detailed emissions analyses (Dec 2002 — Jan 2003)
e Assess emissions results (Feb 2003)
¢ Evaluate conformity options (Feb 2003)
¢ Conduct detailed mitigation assessment (Mar 2003)
« Formal agency/public review of proposed mitigation
and draft General Conformity Determination (Apr 2003)
¢ Respond to agency/public comments (May 2003)

» Publish final General Conformity Determination
and summarize process/results/mitigation in ROD (May 2003).

The Corps will conduct this process in close consultation with the USEPA and the NJDEP.

As necessary, in addition to pursuing mitigation alternatives like emission offsets, emission
credits, emission reduction technologies, and operational modifications to reduce emissions, the
Corps is aware that, per 40 CFR 93.158(a)(S)(i}(A), conformity can be demonstrated if the
emissions from the action along with all other emissions in the area would not exceed the
emission budget specified in the SIP. For example, the preliminary NOx emissions from the
project represent an insignificant portion of the emissions budgeted in the New Jersey SIP for
2005, so the potential exists for direct and indirect NOx emissions from the project to
demonstrate conformity with the SIP, Once detailed information is available, the Corps will
explore this option with the NJDEP.
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7.2.9 Noise

The NER plan will not have any direct or indirect negative impacts on noise levels in the South
River study area. Construction of the NER Plan will result in temporary, minor increases in
noise as a result of the use of construction equipment — with the necessary heavy equipment
likely to produce noise levels in the 70 to 90 dBA range (50 feet from the source). However, the
majority of the restoration area is on the island, and therefore largely isolated from residential
and commercial areas.

7.2.10 Recreation

Implementation of the NER Plan will positively impact passive recreation opportunities by
providing habitat for species of recreational interest, like shorebirds (e.g., spotted sandpiper
[Actitis macularia]), wading birds (e.g, snowy egret [Egretta thulla], glossy ibis [Plegadis
Jalcinellus)), waterfowl (e.g, American black duck), and predatory fish (e.g, bluefish
[Pomatomus saltatrix], and striped bass [Morone saxatilis], which are of special interest to
people. There will be no long-term direct or indirect negative impacts to boating opportunities
after construction of the selected restoration measures. Minor, temporary disruption to boating
activities will occur during construction activities.

7.2.11 Aesthetics

The proposed restoration measures of the NER Plan will positively enhance the aesthetic and
visual character of the South River study area by diversifying the landscape. From the vantage
point of a boat on the Washington Canal or the old South River channel, or from the shoreline of
the east bank, the existing Phragmites monoculture visually blocks any view into the island. The
selected restoration measures will replace 10-12 feet Phragmites stands with 4-5 feet S.
alterniflora stands. The NER Plan will diversify the topography of the island and restoration
area 4, so that, for example, the wetland forest/scrub-shrub areas will be visible from the east
bank and Washington Canal (in the distance, adjacent to the tidal salt marsh complex) as well as
from the old South River channel.

7.2.12 Hazardous, Toxic, and Radioactive Waste

Implementation of the NER Plan is not anticipated to generate any HTRW issues. Due to the
geology of the region (naturally occurring high concentrations of arsenic), arsenic in the soil and
sediment on Clancy Island is a constituent of potential concern and may, in some locations,
exceed NJDEP Soil Clean Up Criteria. However, for proposed restoration measures, arsenic
levels are not anticipated to affect project implementation.

7.2.13 Transportation and Other infrastructure

Construction activities associated with implementation of the NER Plan will result in minor,
temporary impacts to traffic flow and volume. An increase in large slow-moving construction
vehicles needed for will decrease traffic flow and increase traffic volume in the area. To help
alleviate the temporary impacts associated with construction activities, flagmen could be
available and construction signs will be posted. Upon completion of construction, no adverse
impacts to local transportation systems would occur.
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7.3 Environmental Justice Summary

In accordance with Executive Order 12898 (dated February 11, 1994) Federal agencies are
required to identify and address the potential for disproportionately high and adverse human
health or environmental effects of its programs, policies, and activities on minority populations
and low-income populations.

The neighborhoods within the proposed study area are not considered to be low-income or
minority neighborhoods. According to the 1997 Economic Census, seven percent of the
population of the Borough of South River has income below the poverty level. The Borough of
Sayreville has three percent living below the poverty level. Similarly, according to the 1990
Census of Population, 83.5 percent of the population of the Borough of South River is white,
with 6.1 percent black and 3.5 percent Asian. The Borough of Sayreville is 76.5 percent white,
with 8.6 percent black and 10.6 percent Asian.

Per capita incomes in these small communities are lower than the couaty and state averages, and
approximately 4.1 percent of the population had incomes below the poverty level in 1989.
However, the selected HSDR plan would have a beneficial impact on these low-income
communities by reducing future storm damages and their subsequent repair costs, and could
potentially increase property values. Similarly, the selected ecosystem restoration plan could
increase the property values by adding a unique wetland complex in an urban New Jersey
suburb.

No adverse human health impacts are anticipated to result from the implementation of the
selected plan. It is not expected that residential relocations would be required for
implementation of the selected plan. Avoidance of relocations was one of the considerations that
led to selection of floodwalls, rather than levees, for some portions of the line of protection. The
selected plan would provide an increased level of flood protection to study area communities,
and residents would experience beneficial impacts in terms of protection of property and life. In
addition, the selected plan would allow for improvement of the business and recreational
amenities in the community. Therefore, no mitigation measures are required to address
disproportionately high and adverse impacts to minority and low-income populations.

The recommended South River plan would not adversely affect any populations within the study
area, with the exception of temporary effects associated with construction activities (e.g., noise
and traffic). Rather, residents of the study area communities would realize significant benefits
from flood protection provided by the project. It can therefore be concluded that the selected
plan would not disproportionately affect minority or low-income populations.

7.4 Relationship Between Short Term Uses And Long Term Productivity

The selected HSDR plan will entail a short-term commitment of resources, including
construction equipment; construction materials; labor; public monies to fund the Project and to
purchase property easements; and, equipment necessary for minimization and mitigation of
environmental impacts.

Some areas within the study area will be subject to removal of vegetation, disruption of natural
habitat, and ground disturbance during construction. There will be a short-term temporary
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disruption of transportation systems and infrastructure along roads in the study area during
construction. There also will be a disruption of the availability of recreational and scenic uses.
These disruptions will preclude the use of local recreational facilities and transportation routes
by local residents and tourists, and habitats by indigenous animal species,

To contrast this short-term comumitment of resources, there are several long-term enhancements
in productivity that will result from the selected HSDR and ecosystem restoration plans. There
will be beneficial impacts on the local economy, such as decreased costs to local businesses as
burricane and storm damages are reduced. There may also be a greater attraction to the
community resulting from the newly created salt marsh ecosystem, and a decreased potential for
flooding.

In the long-term, the selected HSDR plan is anticipated to result in a more economically and
environmentally stable community, both in the immediate study area and in the surrounding
municipalities. Therefore, the long-term productivity of the overall region may experience
benefits from this short-term impact of the environment.

7.5 Irreversible And Irretrievable Commitments Of Resources

Irreversible and irretrievable resource commitments are related to the use of nonrenewable
resources and the effects that use of these resources will have on future generations. Irreversible
effects primarily result.from use or destruction of a specific resource {(e.g., energy and mineral)
that cannot be replaced within a reasonable time frame. Irretrievable resource commitments
involve the loss in value of an affected resource that cannot be restored as a result of the action
(e.g., extinction of a threatened or endangered species).

Irreversible and imretrievable resources would be committed to the study area by the Federal
government, the non-Federal project partner (NJDEP), and any involved local agencies and
municipalities. Resources committed include construction and mitigation materials and costs;
labor costs for project planning; natural resources such as soil, water, energy resources such as
fossil fuels (gasoline, petroleum products, and lubricants) and electricity; and, land to
accommodate the HSDR features.

Not all of these resources are irretrievable. The monies committed to the selected HSDR and
ecosystem restoration plans will be offset through savings in municipal, residential, and
commercial hurricane and storm damage costs in the future, and potentially through increased
commercial success for the community as a result of enhanced recreational opportunities, and a
more safe and secure business area. This may also result in an increase in the revenues of the
local municipalities in the event of increasing property tax values.

Investments of materials and disposable goods associated with construction of the ecosystem
restoration plan, would be an imetrievable commitment of resources. This commitment will
enhance success and diversity of wildlife and vegetation in the study area.
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7.6 Unavoidable Adverse Environmental Effects and Considerations That Offset
Adverse Effects '

The construction of the selected HSDR plan would result in certain unavoidable adverse impacts
on the environmental resources located within the study area. Initial construction activities
primarily involve ground disturbance to accommodate permanent HSDR structures and an
increase in elevation from the installation of levee/floodwalls. The ecosystem restoration
activities would involve a decrease in the elevation of the Island. Temporary and localized
adverse environmental effects that may occur during construction include: an increase in traffic,
an increase in noise levels due to construction equipment, an increase of sedimentation into
water resources during construction, an increase in air emissions, loss of less mobile wildlife,
disturbance of existing vegetation, and disruption of aesthetic, visual, and recreational resources.

The implementation of the selected HSDR plan is expected to generate numerous long-term
beneficial impacts that would offset temporary adverse environmental impacts. These long-term
beneficial impacts include a potential increase in property values due to reduced flooding
concerns, a potential reduction in the cost of flood insurance, an increase in recreational use of
the area, and the restoration/creation of salt marsh ecosystem that would provide valuable
wildlife habitat. Implementation of the levee planting plan would offset some of the direct
impacts to wildlife habitat and wetland resources associated with installation of permanent flood
control and shore protection structures. Additionally, impacts to the quality and quantity of
wildlife habitats and wetland functions would be fully compensated through implementation of
the selected mitigation plan as discussed in Section 8.

1.7 Cumulatiye Impacts

The implementation of the selected HSDR plan and other similar projects will significantly
benefit the local residents by increasing storm protection and reducing the amount of property
and infrastructure damage due to flooding and tidal surges. As a result. community costs
associated with evacuations during flooding events and home repair will be reduced in the South
River area and emergency vehicle access will be improved.

The implementation of the selected mitigation and ecosystem restoration plans, in conjunction
with other projects in the area, are expected to benefit wetlands as well as the overall value of
wildlife habitat in the study area. The construction of HSDR structures such as levees and
floodwalls are likely to reduce the spread of Phragmites, because they can function like a barrier
across which the rhizomes that propagate Phragmites cannot spread. This will limit the
encroachment of Phragmites into wetlands and salt marsh, and will facilitate the maintenance of
more diverse and sustainable wetland ecology on the unprotected side of the levees/floodwalls.
In addition, mitigation plans to offset impacts to wetlands involve the conversion of wetland
Phragmites to salt marsh. The implementation of several other plans that involve the conversion
of wetland Phragmites to salt marsh could improve the overall quality and value of wetlands in
the region.

Potential beneficial cumulative impacts to migratory waterfowl and songbirds are likely to result
from implementation of the selected mitigation and ecosystem restoration plans. These plans, in
conjunction with similar projects in the South River watershed, should increase the overall value
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of the area. Specifically, the mitigation and restoration plans will add large areas of more
desirable wetland communities and increase the study area’s biodiversity (i.e., improve the areas
composition and abundance of plant and animal species).

Data collected during proposed monitoring programs will contribute to the overall knowledge of
the South River watershed, which in tum would contribute significantly to the overall
understanding of the energy flow and nutrient cycling among aquatic and wetland resources in
the area. This knowledge may assist in the development of sustainable management, restoration,
and the long-term preservation of the area’s severely degraded natural resources.

The extent of proposed housing or other proposed structural development in the vicinity of the
study area has not been formally identified. However, based on the current land development
practices, building construction would not be permitted where the selected plan will be
constructed.  Therefore, there are no known or expected cumulative impacts to local
development projects. Overall, this project and similar projects in the South River watershed,
can contribute to a more stable environment for planned growth and development as a result of
reduced regional flooding concerns and expenses. Improvements to roads, culverts, and
stormwater drainage systems should result from reduced hwricane and storm damage
infrastructure.  This may provide an opportunity for limited development that will yield
increased tax revenues from taxes and reduced damage costs to infrastructure.

* 8 RECOMMENDED PLAN

The Recommended Plan is summarized below.

8.1 Hurricane and Storm Damage Reduction

The recommended plan will provide hurricane and storm damage protection for a storm with an
exceedance probability of .002 (500-year event). This plan consists of a storm surge barrier and
two levee/floodwalls located in Reaches 3 and 4. These structures will be integrated to form a
single line-of-protection system with no separable elements. The plan would provide structural
protection for the entire study area (Reaches 1 through 5) to an elevation of +21.5 feet NGVD.
The levees will extend 10,712 feet in length, and the floodwalls will extend 1,655 feet in length.
The storm surge barrier will span the South River for a length of 320 feet and will have a clear
opening of 80 feet.

8.2 Environmental Mitigation

The mitigation goal is to replace at Jeast 100% of the combined loss of AAHUs summed across
evaluation species and FCUs summed across wetland functions, and at least 50% of the loss of
AAHUSs per evaluation species and FCUs lost per function, as a result of implementation of the
selected HSDR measures. To achieve this goal, mitigation of impacted habitats, will involve
planting shrubs on the levee and the conversion of wetland Phragmites to salt marsh and
wetland-scrub-shrub, and the conversion of upland disturbed areas to wetland-scrub-shrub on the
East Bank of the study area as described below. The selected mitigation plan is illustrated in
Figure 13.
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Selected Mitigation Plan —
Conversions: Wetland Phragmites: 3.3 acres salt marsh
1.7 acres wetland-scrub-shrub
Upland Disturbed: 6.1 acres wetland-scrub-shrub
Total: 11.1 acres

With implementation of the selected HSDR measures the mitigation goal of replacement of at
least 100% of the combined AAHUs for all evaluation species and at least 50% of the AAHUs
for each evaluation species is met. The combined AAHUs lost due to implementation of the
selected plan was determined to be 1.07, and implementation of the selected mitigation plan
results in a gain of 17.57 AAHUs at year 2055 when compared to the No-Action alternative. In
addition, the replacement of FCUs for each wetland function would also be met by the selected
mitigation plan. Gains in total FCUs greater than 100% would be realized for all wetland

functions.

8.3 Interior Drainage

To provide interior drainage, facilities for the east segment, west segment, and main channel
have been formulated and optimized. East segment interior drainage facilities will include a 100
cfs facility (930-foot, 60-inch diameter diversion pipe) with the following gravity outlets:
5@36” diameter, 3@60” diameter, and 1@]18” diameter. West segment interior drainage
facilities will include the following minimal facilities: 2@24” diameter and 9@60” diameter.
Main channel interior drainage will be accomplished by a 1,200 cfs pump station, 5@10’x10’
box culverts, and 4@60™ gravity outlets.

8.4 Ecosystem Restoration

The NER plan would involve restoration of those portions of the study area degraded by severe
Phragmites colonization. Specifically, 379.3 acres of Phragmites wetlands would be restored to
the targeted habitats in the following proportions: 45 percent wetland forest/scrub-shrub (and an
additional 5 percent upland forest/scrub-shrub), 40 percent low emergent marsh, 5 percent
mudflat, and 5 percent open water (2.5 percent tidal creek and 2.5 percent tidal pond). The
specific conversions, benefits, and costs associated with the NER Plan are summarized below.

Conversions Wetland Phragmites: 151.7 acres low emergent marsh
170.7 acres wetland forest/scrub-shrub
19.0 acres mudflat
9.5 acres tidal creek
9.5 acres tidal pond
15.0 acres upland forest/scrub-shrub
Total: ' 379.3 acres

48819

5-6-9



156

South River, Raritan River Basin
Hurricane and Storm Damage Reduction and Ecosystem Restoration Study

The results of this restoration plan are expected to be significant (in terms of institutional, public,
and technical significance) and consistent with the Federal, State, and local laws and resource
management plans presented in Table 32.

8.5 Real Estate

As described in the Real Estate Appendix (Appendix G) and summarized in Table 38, the
estimated total acreage required for the Selected Plan is approximately 536.65 acres, comprised
of approximately 33 affected tracts and 15 affected ownerships. This acreage consists of the
following combination of fee simple purchase, permanent easements, temporary easements (for
construction), and severance damages. Costs were estimated using a January 2001 valuation
(Gross Appraisal). As indicated below, HSDR real estate requirements would be met using
permanent easements; restoration and HSDR mitigation real estate requirements would be met
via fee simple purchase.

TABLE 38
LANDS AND DAMAGES
Hurricane and Storm Damage Reduction Features
Permanent Easement 25.30 acres $1,265,000
Temporary Easement (for construction) 9.70 acres $77,600
Severance Damages 55.00 acres $1,050,000
Fee Simple Purchase (for mitigation) 11.10 acres $110,381
Subtotal 101.10 acres $2,502,981
Administrative Costs
{15% of lands and damages) $375,447
Contingency
{15% of lands & damages and administrative costs) $431,764
$3,310,192
Subtotal (v $3,310,200)
Ecosystem Restoration Features
Fee Simple Purchase 435.55 acres $4,365,069
Administrative Costs
{15% of lands and damages) $654,760
Contingency
(15% of lands & damages and administrative costs) $752,974
$5,772,804
Subtotal <.y $5,772.800)
9,082,9!
Total {(536.65 acres) (say :9 0%83200%6)
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8.6 Ecological Monitoring and Adaptive Management

In order to monitor the success of the selected restoration and mitigation plans, several specific
performance criteria and potential corrective actions were developed as part of the South River
Restoration Monitoring Plan (USACE 2000). In particular, the ecological success of the
restored/mitigated habitats will be evaluated during the first five years following construction
based on the following performance criteria:

*  Successful establishment of each habitat type (e.g, low emergent marsh, mudflat,
wetland and upland forest/scrub-shrub, tidal creeks and tidal ponds) relative to similar
habitats in the region;

* Vegetation should occur in proper zones (e.g., hydric species in wet sites) in all layers
(e.g., tree, shrub, and herbaceous) and be of adequate density, height, and distribution
compared to similar habitats in the region; Presence of benthic invertebrate species
should be comparable to similar marshes in the region both in species richness and
diversity;

= Use of restored habitats by fish and wildlife species should be similar to other marshes in
the region;

»  Water quality, mean bank slope, sinuosity, and water depth should be similar to natural
tidal creeks and tidal ponds occurring in the region; and,

*  Physical parameters, such as soil characteristics, particle size distribution, degree of
colonization by undesirable vegetation (e.g., Phragmites), level of tidal flushing, and
rates of nutrient and sediment deposition should be similar to other marshes in the region.

The process of adaptive management will be used to initiate any necessary significant corrective
action in the restoration area. Adaptive management is appropriate for the proposed ecosystem
restoration at South River because of the importance of elevation in the establishment of desired
habitat types and the inherent difficulty in constructing large tracts of certain elevations.
Corrective action will be taken if performance criteria are not met. Such action may include:

* Replanting vegetation in areas where plantings do not meet predetermined criteria;

* Enhancing survival of planted vegetation (e.g., by applying a fertilizer such as
Osmocote®);

» Improving tidal flushing;
» Installing erosion control devices;

» Suppressing encroachment by Phragmites (e.g., through application of a herbicide such
as Rodeo®);

* Preventing herbivory (e.g., by installing fencing);
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s Adjusting channel morphology and hydrology, or stabilizing banks; and,

= Installing breakers (e.g., to adjust tidal flows).

8.7 Cost Estimate

The costs of the selected HSDR plan, mitigation plan, and ecosystem restoration plan are
summarized below.

Hurricane and Storm Damage Reduction

Initial Project Cost $53,325,100
Mitigation (included in Initial Project Cost) $2,865,300
Annual Initial Cost (discounted at 6.125 % over a 50-year period) $3,442,300
Annual Interest During Construction Costs $49% 800
0O&M Costs $221,500
Total Annual Cost (discounted at 6.125 % over a 50-year period) $4,163,600
Ecosystem Restoration
Initial Project Cost $46.499,300
Annual Initial Cost (Discounted at 6.125% over a 50-year period) $3,001,700
Annual Interest During Construction Costs $426,000
Annual O&M Costs $80,000
Total Annual Cost (Discounted at 6.125% over a 50-year period) $3,507,700
Total Project »
Initial Project Cost $99.824,400
Annual Initial Cost (Discounted at 6.125% over a 50-year period) $6,444,000
Annual Interest During Construction Costs $925,800
Annual O&M Costs $301,500
Total Annual Cost (Discounted at 6.125% over a 50-year period) $7.,671,300

9. PLAN IMPLEMENTATION

As non-Federal project partner, NJDEP must sign a Design Agreement that will carry the project
through the PED phase, which includes development of Plans and Specifications (P&S). The
PED phase will be followed by project construction. Funds must be budgeted by the Federal
Government and the non-Federal partner to support these activities. A Project Management Plan
(PMP) has been prepared to identify tasks, responsibilities, and financial requirements of the
Federal Government and the non-Federal partner during PED. A project schedule will be
established based on reasonable assumptions for the design and construction schedules.

9.1 General

The South River HSDR and ecosystem restoration project may be authorized in Water Resources
Development Act (WRDA) of 2002. Following Congressional authorization, the project would
be eligible for construction funding. The project will be considered for inclusion in the
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president’s budget on the basis of national priorities, magnitude of the Federal commitment,
economic and environmental feasibility, level of local support, willingness of the non-Federal
partner to fund its share of the project cost, and budgetary constraints that may exist at the time
of funding.

9.2 Local Cooperation

In accordance with Section 105 (a)(I) of WRDA 1986, the feasibility study of South River,
Raritan River Basin was cost shared 50 percent between the Federal Government and the State of
New Jersey. The fact that funds were contributed by the non-Federal project partner, NJDEP,
and the local municipalities, indicates their intent to support a project for South River, New
Jersey.

A fully coordinated Design Agreement (DA) package, which will include the non-Federal
partner's financing plan, would have to be prepared subsequent to the approval of the feasibility
phase. It will reflect the recommendations of the Feasibility Study. The non-Federal partner ,
NIDEP, has indicated support for recommendations presented in this Feasibility Report and its
desire to execute a DA for the selected plan. Other non-Federal interests, such as the Borough of
South River and the Borough of Sayreville, have indicated their support of the project.

As the non-Federal project partner, NJDEP must comply with all applicable Federal laws and
policies and other requirements, including but not limited to:

e Provide all lands, easements, rights-of-way, and relocations and disposal/borrow areas
(LERRD) uncontaminated with hazardous and toxic wastes .

» Provide of an additional cash contribution if the value of LERRD contributions toward
total project costs is less than 35 percent, so that the total share equals 35 percent .

e Provide of all improvements required on lands, easements, and rights-of-way to enable
the proper disposal of dredged or excavated material associated with the construction,
operation, and maintenance of the project. Such improvements may include, but are not
necessarily limited to, retaining dikes, wasteweirs, bulkheads, embankments, momtormg
features, stilling basins, and dewatering pumps and pipes.

o For so long as the project remains anthorized, operate, maintain, repair, replace, and
rehabilitate the completed project, or functional portion of the project, including
mitigation features, at no cost to the Government, in a manner compatible with the
project’s authorized purposes and in accordance with applicable Federal and State laws
and any specific directions prescribed by the Government in the OMRR&R manual and
any subsequent amendments thereto.

e Provide of the Federal Government a right to enter, at reasonable times and in a
reasonable manner, upon property that the non-Federal project partner, now or hereafter,
owns or controls for access to the Project for the purpose of inspection, and, if necessary
after failure to perform by the non-Federal project partner, for the purpose of completing,
operating, maintaining, repairing, replacing, or rehabilitating the Project. No completion,
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operation, maintenance, repair, replacement, or rehabilitation by the Federal Government
shall operate to relieve the non-Federal project partner of responsibility to meet the non-
Federal project partner 's obligations, or to preclude the Federal Government from
pursuing any other remedy at law or equity to ensure faithful performance.

s Hold and save the United States free from all damages arising from the construction,
operation, maintenance, repair, replacement, and rehabilitation of the Project and any
Project-related betterments, except for damages due to the fault or negligence of the
United States or its contractors.

+ Keep, and maintain books, records, documents, and other evidence pertaining to costs
and expenses incurred pursuant to the Project in accordance with the standards for
financial management systems set forth in the Uniform Administrative Requirements for
Grants and Cooperative Agreements to State and Local Governments at 32 Codes of
Federal regulations (CFR) Section 33.20.

e Perform, or cause to be performed, any investigations for hazardous substances as are
determined necessary to identify the existence and extent of any hazardous substances
regulated under the Comprehensive Environmental Response, Compensation, and
Liability Act (CERCLA), Public Law (PL) 96-510, as amended, 42 U.S.C. 9601-9675,
that may exist in, on, or under lands, casements, or rights-of-way that the Federal
Government determines to be required for the construction, operation, and maintenance
of the Project. However, for lands that the Federal Government determines to be subject
to the navigational servitude, only the Federal Government shall perform such
investigations unless the Federal Government; provides the non-Federal project partner
with prior specific written direction, in which case the non-Federal project partner shall
perform such investigations in accordance with such written direction.

¢ Assume complete financial responsibility, as between the Federal Government and the
non-Federal project partner for all necessary cleanup and response costs of any CERCLA
regulated materials located in, on, or under lands, easements, or rights-of-way that the
Federal Government determines to be necessary for the construction, operation, or
maintenance of the Project.

s As between the Federal Government and the non-Federal project partner, the non-Federal
project partner shall be considered the operator of the project for the purpose of CERCLA
liability. To the maximum extent practicable, operate, maintain, repair, replace and
rehabilitate the Project in a manner that will not cause liability to arise under CERCLA.

¢ Comply with the applicable provisions of the Uniform Relocation Assistance and Real
Property Acquisition Policies Act of 1790, Public Law 91-646, as amended by Title IV of
the Surface Transportation and Unifom1 Relocation Assistance Act of 1987 (Public Law
100-17),and the Unifom1 Regulations contained in 49 CFR Part 24, in acquiring lands,
easements, and rights-of-way, required for the construction, operation, and maintenance
of the Project, including those necessary for relocations, borrow materials, and dredged
or excavated material disposal, and inform all affected persons of applicable benefits,
policies, and procedures in connection with said Act.
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Comply with all applicable Federal and State laws and regulations. including, but not
limited to, Section 601 of the Civil Rights Act of 1964, Public Law 88-352 (42 US.C.
2000d), and Department of Defense directive 5500.11 issued pursuant thereto, as well as
Army regulation 600- 7, entitled "Nondiscrimination on the Basis of Handicap in
Programs and Activities Assisted or Conducted by the Department of the Army."

Provide the non-Federal share of that portion of the costs of mitigation and data recovery
activities associated with historic preservation, that are in excess of 1 percent of the total
amount authorized to be appropriated for the project, in accordance with the cost sharing
provisions of the agreement.

Participate in and comply with applicable Federal flood plain management and flood
insurance programs and comply with the requirements in Section 402 of the Water
Resources Development Act of 1986, as amended.

Not less than once each year inform affected interests of the extent of protection afforded
by the Project.

Publicize floodplain information in the area concerned and provide this information to
zoning and other regulatory agencies for their use in preventing unwise future
development in the flood plain and in adopting such regulations as may be necessary to
prevent unwise future development and to ensure compatibility with the protection
provided by the project.

Provide and maintain necessary access roads, parking areas, and other public use
facilities, open and available to all on equal terms.

Enter into an agreement, which provides, prior to construction, 25 percent of
preconstruction, engineering and design costs for HSDR features and 25 percent for
ecosystem restoration features.

Provide, during construction, any additional funds needed to cover the non-Federal share
of PED costs.

Grant the Government a right to enter, at reasonable times and in a reasonable manner,
upon land which the non-Federal project partner owns or controls for access to the project
for the purpose of inspection and, if necessary, for the purpose of completing, operating,
maintaining, repairing, replacing or rehabilitating the project.

Comply with Section 221 of Public Law 91-611, Flood Control Act of 1970, as amended,
and Section 103 of the Water Resources Development Act of 1986, Public Law 99-662,
as amended, which provides that the Secretary of the Army shall not commence the
construction of any water resources project or separable element thereof, umiil the non-
Federal project partner has entered into a written agreement to furnish its required
cooperation for the project or separable element.
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s Prevent obstructions of or encroachments on the project (including prescribing and
enforcing regulations to prevent such obstructions or encroachments) which might reduce
the ecosystem restoration, hinder its operation and maintenance, or interfere with its
proper function, such as any new development on project lands or the addition of
facilities which would degrade the benefits of the project.

¢ Perform, or cause to be performed, any investigations for hazardous substances that are
determined necessary to identify the existence and extent of any hazardous substances
regulated under the Comprehensive Environmental Response, Compensation, and Liabil-
ity Act (CERCLA), 42 USC 9601-9675, that may exist in, on, or under lands, easements
or rights-of-way necessary for the construction, operation, and maintenance of the
project; except that the non-Federal sponsor shall not perform such investigations on
lands, easements, or rights-of-way that the Government determines to be subject to the
navigation servitude without prior specific written direction by the Government.

» Participate in and comply with applicable Federal floodplain management and flood
insurance programs.

e Do not use Federal funds to meet the non-Federal sponsor’s share of total project costs
unless the Federal granting agency verifies in writing that the expenditure of such funds
is authorized.

In an effort to keep the non-Federal project partner involved and the local government informed,
meetings were held throughout the feasibility phase. Coordination efforts will continue,
including coordination of this study with other State and Federal agencies. It is currently
anticipated that a public meeting will be held upon approval of this Feasibility Study.

9.3 Cost Apportionment

Table 39 apportions initial project costs and O&M costs between the Federal government and the
non-Federal project pariner. The table includes costs associated with HSDR features and with
ecosystem restoration features. The total project first costs - including Lands, Easements,
Rights-of-way, Relocations, and Disposal areas (LERRD) - are shared on a 65/35 basis by the
Federal government and the non-Federal partner. As indicated in Table 39, the Federal share of
the entire project’s total first cost is $64,885,900; the non-Federal share is $34,938,500. The
Federal Government will design the project, prepare detailed plans/specifications and construct
the project, exclusive of those items specifically required of the non-Federal partner.

The non-Federal partner is responsible for all LERRD costs and all O&M costs. The LERRD
costs are applicable to the non-Federal share of the initial project costs. For example, the total
LERRD costs {$39,083,000) borne by the non-Federal partner are applicable to the $34,938,500
share of total initial non-Federal project costs.

9.4 Pre-Construction Engineering and Design Cost Sharing

The PED phase of the project is cost-shared between the Federal Government and the non-
Federal partners. PED expenditures are cost-shared at a rate of 35 percent non-Federal and 65
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percent Federal. Adjustments are made during construction to bring the cost of PED in line with
actual cost sharing of the project. The PED phase is expected to begin in 2002 with the
preparation of the Engineering Documentation Report and will continue until the plans and
specifications are developed; construction is expected to begin shortly thereafter.

TABLE 39
COST APPORTIONMENT"
Project Cost Federal Non-Federai Total
Features Category Share Share
| Initial Project Costs  $34,661,300 $18,663,800 $53,325,100
Hurricane
& Storm  Real Estate Costs $3.310,200

Damage (LERRD)*"™
Reduction  Cash Contribution $34,661,300 $15,353,600

Features
08M Costs $221,500 $221,500
Initial Project Costs  $30,224,500  $16,274,800  $46,499,300
Ecosystem Real Estate Costs $5,772,800

Restoration _LERRD)™
Features Cash Contribution $30,224, 500 $10,502,000

O&M Costs $80,000 $80,000
Initial Project Costs  $64,885,900 $34,938,500 $89,824,400
Real Estate Costs $9,083,000

T°,‘='t LERRDS)"
Project  cash Contribution  $64,885.900  $25,855,500

O&M Costs $301,500 $301,500

* Does not include PED cost estimate,
** Applicable to required non-Federal cash contribution.

9.5 Construction Schedule

A preliminary construction schedule was developed for the selected plan. The schedule is based
on information available to date, and is predicated on the assumptions listed below. A
preliminary construction schedule for South River HSDR and ecosystem restoration is presented

in the Gantt chart in Figure 14.

9.6 Financial Analysis

For purposes of exccuting the Design Agreement (DA), the New Jersey Department of
Environmental Protection (NJDEP) has stated its intention to seek authorization from the State of
New Jersey to act as the non-Federal partner. The state has a stable source of funding for HSDR
and ecosystem restoration projects and has further indicated its intent to enter into a DA at the
conclusion of the study. The State of New Jersey has provided funding for the first year of the

PED phase.
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9.7 Views of Non-Federal Partners and Other Agencies

The selected plan has received strong support from the non-Federal project partner, NJDEP, as
well as other agencies of the State of New Jersey. Affected local governments, including
Middlesex County, the Borough of South River, and the Borough of Sayreville, have also
expressed their support for the project. This support is documented in the Study Correspondence
Appendix {Appendix F). Through project planning and NEPA scoping, a variety of other
Federal agencies have been involved in this investigation.

* 9.8 Major Conclusions And Findings

This investigation has determined that (1) periodic hurricane and storms pose a severe threat to
life and property along the South River and (2) much of the ecosystem along the South River has
been degraded by past development activities. In addition, there is significant potential to
reduce hurricane and storm damages along the South River and restore degraded ecosystems.

In response to these problems and opportunities, plan formulation activities considered a wide
variety of structural and nonstructural measures. Through an iterative plan formulation process,
potential alternative HSDR measures and ecosystem restoration measures were identified,
evaluated, and compared.

Alternative HSDR plans that survived the initial screening of alternatives included: (1) a storm
surge barrier at the confluences of the South River and Washington Canal with the Raritan River,
(2) muitiple levee and floodwall configurations, and (3) buy-out of flood-prone properties.
Further investigation determined that the storm surge barrier alternative was not economically
feasible and that there would be significant adverse environmental effects on study area
wetlands. It was also determined that acquisition of stuctures in the floodplains was not
economically feasible. In contrast, preliminary analysis indicated that levee and floodwall
protection of flood-prone properties in the study area was found to be economically and
technically feasible.

More detailed analysis indicated that levees and floodwalls along the eastern and western banks
of the lower South River would be economically justified and would have minimal effects on
study area wetlands. It was also determined that structural protection of upstream reaches would
not be economically justified. A storm surge barrier, located just downstream (north) of the
Veterans Memorial Bridge, was subsequently evaluated in combination with levees/floodwalls in
the lower reaches. The barrier was found to be an economically feasible means to protect
upstream reaches. In addition, it would: (1) minimize environmental impacts on wetlands, (2)
avoid potential HTRW sites upstream, and (3) preclude nonstructural protection in upstream
communities.

Economic analysis of the hurricane and storm reduction plans indicated that the levee/floodwall
system with upstream storm surge barrier would result in the greatest net benefits. Subsequent
optimization of this plan determined that a 500-year level of protection would provide the
greatest net benefits. Consequently, the levee/floodwall system with upstream storm surge

integrated Feasibility Report & Environmental Impact Statement 137

48819

5-6-9



166

o
! m i South River, Raritan River Basin
— Hurricane and Storm D ge Reduction and Ecosy Restoration Study

barrier providing a 500-year level of protection was designated as the Nationa! Economic
Development (NED) plan and was selected as the recommended plan.

Even though the selected HSDR plan was specifically designed to avoid and minimize
environmental impacts, there were some unavoidable impacts to the natural resources.
Accordingly, the mitigation goal was to develop an array of mitigation alternatives/actions that
individually or combined will replace at least 100% of the combined loss of AAHUs summed
across evaluation species and 100% of the combined loss of FCUs summed across wetland
functions, and at least 50% of the loss of AAHUs per evaluation species and 50% of the FCUs
lost per function, as a result of implementation of the selected HSDR plan.

To achieve the mitigation goal, a screening analysis was conducted to evaluate the feasibility of
improving the available habitat on the proposed levee (e.g., plant shrubs to improve songbird
habitat); improving the existing habitats {e.g., increase the density/cover of the vegetation by
planting more shrubs and/or herbaceous species); and, converting one habitat/cover type to
another more valuable habitat {e.g., convert areas of Phragmites to salt marsh or wetland scrub-
shrub).

Based on these three potential mitigation measures identified, it was determined that levee
improvements, such as planting shrubs on the landward side of the levee to create upland scrub-
shrub habitat, would increase the quality of the habitat for wildlife, and would reduce the overall
impacts of the selected plan. It was also determined that improvements of existing habitat would
not be possible. Therefore, habitat conversion would be necessary to mitigate for the selected
HSDR plan. Two potential mitigation areas that contained wetland Phragmites and upland
disturbed habitat were identified - the East Bank and the West Bank.

All possible combinations of five different habitat conversions, from zero to 20 acres, or 200%
of the wetland acres impacted by HSDR activities, were evaluated, creating 53,130 potential
mitigation alternatives. Results from the HEP and EPW assessments were used to calculate
ecological outputs for each mitigation alternative. Those alternatives that resulted in no net gain
in ecological or wetland functional value were eliminated from further analysis. This screening
resulted in 15,837 potential mitigation alternatives for the East Bank and 230 for the West Bank.
Next, those alternatives that did not meet the mitigation goal were eliminated, resulting in 423
potential mitigation alternatives for the East Bank and 180 for the West Bank. The habitat
conversion acreages for each potential mitigation alternative were compared to the number of
acres of wetland Phragmites and upland disturbed habitat available in each potential mitigation
area, The West Bank area would not provide enough upland disturbed habitat for any of the
potential mitigation alternatives identified for the West Bank; therefore, it was eliminated as a
potential mitigation area. The East Bank area would provide enough wetland Phragmites and
upland disturbed habitat for 352 of the identified 423 potential mitigation alternatives.

All 352 mitigation alternatives identified during the screening process were entered into the
IWR-PLAN for CE/ICA. Based on the results of the JWR-PLAN, nine of these alternatives were
cost-effective, and three were identified within the JWR-PLAN as “best buy” mitigation
alternatives. Two of the best buy plans were cost-effective and incrementally justified. Based
on an analysis of the acreages, costs, benefits, and incremental cost/output for each of these plans
Mitigation Alternative 2 was selected. Mitigation Alternative 2 was further optimized and
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involves the conversion of 11.1 acres of degraded wetland Phragmites and disturbed upland
habitat to a combination of wetland scrub-shrub and salt marsh .

Plan formulation for ecosystem restoration along the South River considered a wide variety of
restoration measures to address opportunities associated with ecosystem restoration along the
South River. Restoration objectives were specified early in plan formulation. These included:
restoring habitat for threatened and endangered species, increasing site biodiversity, increasing
tidal flushing, reducing Phragmires, improving water quality, and stabilizing and protecting
desirable wetland habitat. Four priority habitats were considered for ecological restoration of the
study area: low emergent marsh, intertidal mudflat, wetland forest scrub-shrub, and open water
(i.e., tidal creeks and tidal ponds). Using different proportions of each habitat, more than 250
potential mathematical combinations of these habitats were evaluated.

Using different proportions of each habitat, more than 250 potential mathematical combinations
of these habitats were evaluated. These combinations were then applied to potential restoration
areas delineated in the study area using four different scales of restoration for degraded acreage
in each area: 25 percent, 50 percent, 75 percent, and 100 percent. Cost effectiveness and
incremental cost analysis was applied to the resultant 24,000 potential restoration plans, resulting
in identification of eight “best buy” restoration plans for the study area. These plans represent
the most efficient means to achieve ecosystem restoration in the study area.

Based upon the incremental analysis and the ability of the alternative plans to achieve the
restoration planning objectives, one of the Best Buy plans has been selected as the National
Ecosystem Restoration (NER) plan. The NER plan would restore 100 percent of the 379 acres of
degraded wetlands in the potential restoration areas. The NER plan would restore the following
habitats: low emergent marsh (151 acres: 40 percent), wetland forest/scrub-shrub (170 acres: 45
percent; plus an additional 19 acres, or 5 percent, as upland forest/scrub-shrub), mudflat (19
acres: 5 percent), and open water (19 acres: 5 percent).

The non-Federal project partner, NIDEP, has indicated its support for the selected plan and are
willing to enter into a Project Cooperation Agreement with the Federal Government for the
implementation of the plan.

* 9.9 Areas Of Concern

There are no outstanding areas of concern regarding the selected plan for South River HSDR and
ecosystem restoration. The plan is fully supported by the non-Federal project partner, NJDEP, as
well as affected local governments and interested Federal agencies. These parties have full
confidence in the anticipated performance of the selected plan in terms of HSDR, ecosystem
restoration, and impacts on the environment.

*10. NEPA SCOPING

In accordance with the NEPA, two scoping meetings were locally held to introduce the study and
1o solicit public and agency comments. Specifically, the purpose of the meetings was to identify
public and agency concerns, agency requirements, environmental issues, and alternative
solutions.
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The first scoping meeting was open to the public and was held at the South River Public Library,
on July 16, 1998. Public notices were published in two local newspapers, the Star-Ledger and
the Home News Tribune. In addition, postcards announcing the meeting were sent directly to
property owners in the study area, interested parties, and elected officials. The second scoping
meeting was attended by Federal, state, county, and local agency representatives, and was held at
the National Marine Fisheries Service office in Sandy Hook, on July 21, 1998, These agencies
were notified directly by postcard announcing the meeting place and dme. Comments and
questions were recorded at both meetings and have been summarized in the South River
Response to Comments Document (USACE 1998).

*11. COMPLIANCE WITH ENVIRONMENTAL REQUIREMENTS

Preparation of this Integrated Feasibility Report and Environmental Impact Statement has
included coordination with appropriate Federal and State resource agencies. During the public
review of the DEIS, a Water Quality Centificate, in accordance with Section 401 of the Clean
Water Act, and a concurrence of Federal consistency with the New Jersey Coastal Zone
Management program, in accordance with Section 307 of the Coastal Zone Management Act,
were requested from NJDEP. A Conditional Consistency letter has been received from NJDEP
and can be found in Appendix D. A Section 404(b) (1) evaluation has been prepared and is also
included in Appendix D. In accordance with the Fish and Wildlife Coordination Act (FWCA),
planning aid reports were obtained from USFWS and are provided in Appendix D of this report.
A Section 2(b} report was also obtained from USFWS and is contained in Appendix D.

For this stage of the planning process, compliance was met for all environmental quality statutes
and environmental review requirements. Following is a list of Federal environmental quality
statutes to which this planning process and recommended plan are in compliance:

e National Environmental Policy Act of 1969,

« Fish And Wildlife Coordination Act Of 1958 (see Appendix D),
» Endangered Species Act Of 1973,

» National Historic Preservation Act Of 1966,

+ Clean Water Act Of 1972 (see Appendix D),

o Clean Air Act Of 1972,

e Farmland Protection Policy Act Of 1981,

¢ Wild And Scenic River Act Of 1968,

e Federal Water Project Recreation Act Of 1965,

» Resource Conservation And Recovery Act Of 1976,
» Toxic Substances Control Act Of 1976,

* E.O. 11988, Floodplain Management,

»  E.O. 11990, Protection Of Wetlands, and
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» E.Q. 12898, Environmental Justice.

12. RECOMMENDATIONS

In making the following recommendations, I have given consideration to all significant aspects
in the overall public interest, including environmental, social and economic effects, engineering
feasibility and compatibility of the project with the policies, desires and capabilities of the State
of New Jersey and other non-Federal interests.

1 recommend that the selected plan for HSDR (and associated mitigation) and ecosystem
restoration along the South River, Raritan River Basin, New Jersey project, as fully detailed in
this integrated feasibility report and environmental impact statement, be authorized for
construction as a Federal project for HSDR and ecosystem restoration, subject to such
modifications as may be prescribed by the Chief of Engineers.

The recommendations contained herein reflect the information available at this time and current
Departmental policies governing formulation of individual projects. They do not reflect program
and budgeting priorities inherent in the formulation of a national Civil Works construction
program nor the perspective of higher review levels within the Executive Branch. Consequently,
the recommendations may be modified before they are transmitted to Congress as proposals for
authorization and implementation funding. However, prior to transmittal to Congress, the non-
Federal project partner (the New Jersey Department of Environmental Protection) interested
Federal agencies, and other parties will be advised of any modifications and will be afforded an
opportunity to comment further.

1 recommend authorization of the selected HSDR and ecosystem restoration plan for the South
River, Raritan River Basin with such meodifications thereof as in the discretion of the
Commander, HQUSACE, as may be advisable, These recommendations are made with the
provisions that local interests will:

a. Provide to the United States all necessary lands, easements, rights-of-way, relocations,
and suitable borrow and/or disposal areas deemed necessary by the United States for
initial construction and subsequent maintenance of the project.

b. Hold and save the United States free from claims for damages which may result from
construction and subsequent maintenance, operation, and public use of the project,
except damages due to the fault or negligence of the United States or its contractors.

c. Maintain continued public ownership and public use of the shorefront areas upon which
the amount of Federal participation is based during the economic life of the project.

d. Maintain, repair, rehabilitate, and replace the protective measures and/or structures
during the economic life of the project as required to serve the intended purposes at their
design levels of storm damage protection and in accordance with regulations prescribed
by the Secretary of the Army.

e. Provide and maintain necessary access roads, parking areas, and other public use
facilities open and available to all on equal terms.
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f  Contribute the local share of non-Federal costs for initial construction and operation and
maintenance over the economic life of the project, as required to serve the intended
purposes.

g. Upon completion of each project feature, acquire, rehabilitate, repair, replace, operate
and maintain easements for public access to areas created or enhanced by the project.
The cost of the operation, and maintenance of these easements will be the responsibility
of the non-Federal sponsor,
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The recommendations contained herein reflect the information available at this time and current
departmental policies governing formulation of individual projects. They do not reflect program
and budgeting priorities inherent in the formulation of a national Civil Works construction
program nor the perspective of highest review levels within the Executive Branch. Consequently,
the recommendations may be modified (by the Chief of Engineers) before they are transmitted to
the Congress as proposals for authorization and implementing funding. However, prior to
transmittal to Congress, the sponsor, the States, interested Federal agencies, and other parties
will be advised of any modifications and will be afforded an oppormunity to comment further.

9
/ ST
John B. O’'Dowd
Colonel, Corps of Engineers

District Engineer
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CENAD-DE (CENAN/Sept 02) (1105-2-10c) 1st End Mr. Cocchieri/718-765-7071
SUBJECT: South River, Raritan River Basin, New Jersey, Hurricane and Storm Damage
Reduction and Ecosystem Restoration Study Final Integrated Feasibility Report and Final
Environmental Impact Statement

Commander, North Atlantic Division, Corps of Engineers, ATTN: CENAD-CM-PP
Fort Hamilton Military Community Bldg. 301, Brookiyn, N.Y. 11252 30 Sept 2002

FOR COMMANDER, HQUSACE, ATIN: CECW-PC, Policy Compliance Support
Branch, Planning & Policy Division, 441 G Street, N.W. Washington, DC 20314-1000

1 generally concur in the Conclusion and Recommendations of the District
Commander. The plan developed is technically sound, economically justified and socially
and environmentally acceptable. Federal participation in design and construction of this
hurricane and storm damage reduction and ecosystem restoration project is

recommended.
1S HEN RHOADES
Brigadier General, USA
Commanding
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SOUTH RIVER BASIN
MIDDLESEX AND MONMOUTH COUNTIES, NEW JERSEY

SUPPORT DOCUMENT - HYDROLOGY, HYDRAULICS, AND DESIGN
APPENDIX A

L INTRODUCTION

Description of Study Area and Vicinity

General

1. The study area is located within the lower Raritan River Basin in Middlesex County, New
Jersey (seé Figure 1). The South River is the first major tributary of the Raritan River, located
approximately 7 miles upstream of the Raritan River’s mouth at Raritan Bay. The South River
begins at the confluence of the Matchaponix and Manalapan Brooks, just above Duhernal Lake, and
flows northward from Duhernal Lake a distance of approximately 7 miles, at which point it splits
into two branches, the Old South River and the Washington Canal (see Figure 2). Both branches
flow northward into the Raritan River. The South River is tidally controlled from its mouth
upstream to Duhernal Lake Dam. Fluvial conditions prevail above the dam.

2. Early in the feasibility phase, meetings and site visits were held with NJDEP, County and
local governments, and area residents to determine the extent of flooding in the South River basin. It
was determined from this coordination, along with an evaluation of the economic data, that there are
no widespread flooding problems in the South River watershed upstream of the Duhernal Lake Dam,
located in the Towns of Spotswood, Jamesburg, and Helmetta. Consequently, the study area was
modified, focusing on river reaches below the dam, specifically flood-prone areas within the
Boroughs of South River and Sayreville and the Historic Village of Old Bridge (located within the
Township of East Brunswick). In discussions that follow, use of the term “study area” refers to areas
downstream of Duhernal Lake Dam, unjess otherwise noted. The downstream river reaches
encompass virtually all the flood-prone structures in the watershed. This revised study area includes

the downstream reaches of the South River to the west, the Washington Cana.l to the east, and the

o
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380-acre Clancy Island (or simply ‘the Island’) just upstream of the confluences of the river and the

canal.
Federal Navigation Projects

3. There are two Federal navigation projects in the study area: (1) the Washington Canal and
South River and (2) the Raritan River. These projects are described below.

4. The Washington Canal and South River: As illustrated in Figure 2, this navigation project

connects communities along the South River with the Raritan River. Private interests constructed
the Washington Canal in the 1830’s by widening and deepening a large pre-existing tidal channel.
The Canal and the South River navigation channel were Federalized in 1871. The authorized project
is a 12-foot deep, 100-foot wide channel in the Washington Canal for a distance of 0.8 miles
upstream of the Raritan River and then a 12-foot deep, 150-foot wide channel in the South River to
Old Bridge. The total length of this channel navigation project is 5.2 miles. In 1929, when the last
improvements to the project were authorized, the channel was used to transport brick, hollow tile,
sand, clay, crushed stone, and coal to/from New York Harbor. The last Corps involvement was for
maintenance dredging in the early 1940s. The 1941 contract documents specified that dredged
material should be transported and disposed of in designated disposal areas with disposal of dredged
material to aid the improvement or betterment of the land. Historically, such disposal sites were in
close proximity of the actual dredging location, often within open shallow water or wetlands.
Currently, small recreation vessels are the sole users of the Washington Canal and South River; there

is currently no commercial traffic.

5. The Raritan River: This Federal navigation project along the Raritan River main stem
includes channel depths up to 25 feet deep with various associated widths, turning basins and
navigation features from the Great Beds light at the turn in the New York and New Jersey Channel to
the Raritan Arsenal approximately 5.6 miles upstream. The channel continues with a 15-foot depth
to the Washington Canal approximately 8.3 miles upstream of the NY-NJ Channel, with a
subsequent 10-foot depth upstream beyond New Brunswick to the terminus of the Delaware and

Raritan Canal approximately 13.8 miles upstream of the NY-NJ Channel.

== =
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Problem Identification

6. Periodic storms have caused severe flooding along the South River. Flooding upstream of
Duhernal Lake is fluvial. Flood damages downstream of Duhernal Lake are tidally-dominated with
additional damages associated with basin runoff. The communities repeatedly affected by the tidal
surges are the Boroughs of South River and Sayreville and the Historic Village of Old Bridge in East
Brunswick Township. There are approximately 1,247 structures in the 100-year floodplains of these
communities. Tidal flooding typically occurs during hurricanes and northeasters when sustained
onshore winds push storm surges inland up tidal channels. In the Boroughs of South River and
Sayreville, water surface elevations in excess of 4.5 feet NGVD, which can occur several times a
year, begin to inundate developed areas and lead to significant flood damages. In addition to
damages resulting from tidal inundation, tidal surges ofien block existing storm water drainage
outlets, indirectly resulting in additional flood damages.

Authorization

7. The South River Multipurpose Feasibility Study is being conducted under the Corps’ General
Investigations Program. The study was authorized by resolution of the U.S. House of
Representatives Committee on Public Works and Transportation and adopted 13 May 1993. The

resolution states that:

Resolved by the Committee on Public Works and Transportation of the United States House of
Representatives, that, the Secretary of the Army, acting through the Chief of Engineers, is requested
to review the report of the Chief of Engineers, titled Basinwide Water Resources Development
Report on the Raritan River Basin, New Jersey, published as House Document 53, Seventy-first
Congress, Second Session, and other pertinent reports, to determine whether modifications of the
recommendations contained therein are advisable at the present time in the interest of flood control

and related purposes on the South River, New Jersey.

8. Under this study authorization, a reconnaissance report was completed in May 1995, This
study concluded that there was at least one potential project in the Federal interest. The report
recommended 100-year level of flood protection for the Boroughs of South River and Sayreville

using levees along the South River and a closure structure at the railroad bridge that connects the two
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Boroughs. Based on these findings and recommendations, the Corps and the State of New Jersey
entered into an agreement to perform a cost-shared multipurpose feasibility study of the South River.

Prior Federal Studies

9. The South River Basin has been subjected to frequent and severe flooding and has been the
subject of various studies. The reports considered applicable to this study have been compiled,

reviewed, and utilized as appropriate. The following is a listing and description of those reports:

» Basinwide Water Resource Development Report on the Raritan River Basin. House

Document 53, Seventy-First Congress, Second Session. This report, published in the early

1930’s, focused on navigation and flood control for the entire Raritan River Basin.

e Delineation of Flood Hazard Areas, Raritan River Basin, Flood Hazard Report #18, South
River and Manalapan Brook, NIDEP, Division of Water Resources, October 1972. This
report delineated the floodplain in the South River and its tributary, Manalapan Brook.

e Delineation of Flood Hazard Areas, Raritan River Basin, Flood Hazard Report #17,

Matchaponix Brook System, NJDEP, Division of Water Resources, March 1973. Thisreport
delineated the floodplain of the Matchaponix Brook, which is a tributary to the South River.

e Survey Report for Flood Control, Raritan River Basin, New Jersey, Final Report, New York

District, USACE, March 1985. This report served as a comprehensive study of the Raritan
River Basin and recommended several additional studies. Although the South River was
studied, none of the proposed improvements were determined to be economically feasible at

the time. Since that time, Middlesex County has experienced rapid and significant growth.

o South River, Raritan River Basin, New Jersey, Multi-Purpose Study, Final Reconnaissance

Report, Department of the Army, Corps of Engineers, New York District, May 1995. The
South River Reconnaissance Study determined that there is Federal interest in flood damage
reduction and ecosystem restoration along the South River. The reconnaissance report
evaluated a variety of structural and nonstructural flood damage reduction plans for the
Towns of South River and Sayreville. This study anticipated engineering and economic

feasibility of 100-year level of structural protection. The recornmended plan included levees
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at Sayreville (9,500 feet) and at South River (9,000 feet), a railroad closure structure, and

road raisings.
Study Participants and Coordination

10.  The New York District is responsible for conducting the overall Feasibility Study in
cooperation with the non-Federal sponsor, NJDEP. The feasibility study and implementation of the
recommended project continues to receive strong support from the State (NJDEP) and from local
governments, including the Borough of South River and the Borough of Sayreville. These non-
Federal interests are committed to working with the Corps to address flooding problems and

opportunities for ecosystem restoration along the South River.
Existing Conditions
Water Resources

11.  The South River flows north through the Townships of East Brunswick and Old Bridge and
the Boropghs of South River and Sayreville and then splits into two branches, South River and
Washington Canal, both of which flow into the Raritan River. The area of the South River
watershed is approximately 135 square miles. Principal tributaries to the South River include
Manalapan Brook, Matchaponix Brook, and Cedar Brook, which are upstream of Duhernal Lake,

and Deep Run and Tennent Brook, which are downstream of the Lake.

12.  Several tidal creeks drain into South River between Duhernal Dam and the Raritan River.
Deep Run Creek connects tidal drainage south of the Bordentown/South Amboy Turnpike and
limited wetlands northwest of the Turnpike into South River. Further downstream, Tennent Brook
drains an additional smaller basin southeast of the Tumpike and a significant area of wetland

between the Tumpike and South River.

13.  Land use inthe watershed is a combination of: (1) urban land uses primarily in the Boroughs
of Sayreville and South River and the Township of Old Bridge, (2) limited suburban developments

around the Boroughs, and (3) rural land uses.
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14.  IntheSouth River near the Washington Canal, the maximum water depth ranges from 13.5 to
16.4 feet below NGVD, with the deepest part of the river at the center of the channel. In the
upstream reach of South River, the river is shallower and the maximum depth ranges from 6.4 to
16.4 feet below NGVD. The water surface at the upstream reach of the South River in the Township
of Old Bridge is approximately 9.8 feet above NGVD, and the water surface at the downstream reach
of the South River in the Boroughs of South River and Sayreville is nearly equal to NGVD.

15.  The South River below Duhernal Lake experiences diurnal tidal fluctuations. The National
Oceanic and Atmospheric Administration has tidal gauges at the Raritan River railroad bridge in the
Borough of South River and at the confluence of the Raritan River and Washington Canal. Atthe
railroad bridge tidal station, the mean tide range is 5.6 feet, the spring tide range is 6.6 feet and the
mean tide level is 3.0 feet above mean sea level (NGVD). At the Washington Canal station, the
mean tide range is 5.6 feet, the spring tide range is 6.9 feet and the mean tide level is 3.0 feet above
NGVD. The mean tide range at Old Bridge is 5.6 feet, the range of spring tide is 6.6 feet, and the

extreme range of storm surge is about 12.8 feet.
Sea Level Rise

16.  Based onNOAA tide gauge readings between 1933 and 1986 at Sandy Hook, sea level has
been increasing by an average of approximately 0.014 feet per year. Tidal flooding is expected to
increase in severity in direct relation to this 0.7 foot increase over a 50-year period. There is no
significant reduction in the effect of sea level rise on water surface elevations in the South River and
Washington Canal as a result of their upstream location. Therefore, since the expected life of this
project is 50 years, any structures which are proposed for flood prq;ecﬁon purposes must be at an

appropriate height to accommodate 0.7 feet of sea level rise.
Historical Flooding

17. The South River study area is prone to imminent and severe flooding. Unless otherwise
specified, flooding damages described below occurred in the Boroughs of Sayreville and South

River.

e March 1962: Significant flood damages occurred during the northeaster of March 1962.
Tidal backwater flooding from the Raritan River resulted in severe damage to residential,
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commercial, and industrial properties in the Boroughs of Sayreville and South River and
caused the Route 535 causeway (South River/Sayreville) to become impassable to vehicular
traffic. Damages from this storm were estimated to be in excess of $4.3 million (2000

dollars).

e May 1968: Flooding associated with this 20-year storm occurred as a result of tidal
backwater flooding. Damages were estimated at $9.1 million (2000 dollars), with significant

structural damage to over 80 dwellings and 20 commercial buildings in the two Boroughs.

*  August and September 1971: Hurricane Doria caused minor flooding in the area with
estimated damages of $1.5 million (2000 dollars) in South River, Sayreville, and Spotﬁwood.
The flooding had a minor fluvial component, as high tides combined with over eight inches

of rain produced flood damages.

e April 1984: A fluvial event, the storm caused minor flooding above Duhemal Lake. No

damage estimates are available.

o  December 1992 and March 1993: The December 1992 storm is regarded as the worst on
record for the region. F looding occurred as a result of northeaster storms combined with
unusually high tides (over four feet above normal). Over 200 people were evacuated from
the flood areas, which in South River was estimated to be 25% of the Borough. Estimated
damages, as compiled by the Middlesex County Office of Emergency Management
immediately after the March 1993 storm, were estimated to be $8.1 million in South River,
$6.9 million in Old Bridge, and $2.3 million in Sayreville (2000 dollars). These damage
estimates generally emphasize damages to structures and contents, which often do not
become apparent until weeks or even months after the floodwaters subside. In addition the
bridge over the South River, connecting the Boroughs of South River and Sayreville, was
closed for several days and rail movement was also shutdown. The flood from the December
1992 storm is considered to be a25-year event. In contrast, tropical storm Floyd (September
1999), a devastating storm farther up the Raritan River at Bound Brook, produced stages of
5.1 ft NGVD at Perth Amboy, and was only a minor event in the project area.
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18.  Inresponse to past and potential flooding problems in the Boroughs of Sayreville and South
River, both of these communities have participated in the National Flood Insurance Program (NFIP)
for at least 20 years. As required for NFIP participation, both communities have enacted municipal

ordinances regulating floodplain development.

Without Project Future Conditions

19.  The without-project condition was determined by projecting conditions in the study area over
a 50-year period of analysis (2000-2050). Itis expected that the current level of development within
the floodplain is essentially stable with moderate increases anticipated over the life of the project. In
the absence of Federal action, flooding problems in the study area are expected to continue and
perhaps be exacerbated by increased damage potential in the floodplains of the Boroughs of

Sayreville and South River based upon increases in the values of structures and contents and by sea

level rise.
- w
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II. DEVELOPMENT OF ALTERNATIVES
Screened Alternatives

20.  The following alternatives were considered earlier in the study phase. Each of these plans
except the levee/floodwall plan for Reaches 3 & 4 failed to meet the objectives as described in the
Plan Formulation section and was screened out. All plans at this stage of analysis were considered at

a 100 level of protection in order to maintain consistency.

No Action Alternative

21.  This plan involves no additional Federal action to provide flood damage reduction. The no
action alternative would avoid environmental and other impacts associated with implementation of
other plans for flood damage reduction however, this plan fails to meet any of the study objectives.
The result would be the continuation and potential exacerbation of flooding problems in the study
area. This alternative represents the default condition if a Federal project is not recommended and

provides a reference for evaluation of without-project future conditions.

Non-Structural Alternatives

22.  The following four non-structural alternatives were considered and then subsequently

screened out during the course of the study.

23.  Zoning: Through proper land use regulation, floodplains can be managed to ensure that their
use is compatible with the severity of a flood hazard. Several means of regulation are available,
including zoning ordinances, NJ floodplain regulations, subdivision regulations, and building and
housing codes. Their purpose is to reduce losses by controlling the future use of floodplain lands.
As indicated above, the Boroughs of Sayreville and South River and the Township of Old Bridge
already participate in the National Flood Insurance Program and manage floodplain land uses
consistent with the program. Most of the buildings in the study area were built prior to the adoption
of zoning and are not subject to current floodplain zoning regulations. Therefore, zoning can not be

considered independently as a long-term mitigation solution for flood damage to existing structures.

24.  Floodproofing: Floodproofing is a body of techniques for reducing flood damages by

adjustments to structures and to building contents. It involves keeping water out of the structure, as
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well as reducing the effects of inundation. Such adjustments can be applied by an individual or as
part of a collective action either when flood-prone buildings are under construction or through
retrofitting of an existing structure. . In this case, flood proofing the 1,247 affected structures would
be prohibitively expensive since a majority of structures would require costly raising and would

generate a false sense of security potentially discouraging timely evacuations.

25.  Flood Waming: Flood warning systems can be utilized to warn property owners of pending
floods and provide time for their evacuation and relocation of movable property subject to flood
damage. Although a state-of-the-art flood warning system would increase the awareness of the
citizenry and allow for a more orderly evacuation of residents, a warning system alone would not

provide sufficient time to significantly reduce property damages due to flooding.

26.  Acquisition of Flood Prone Properties: Permanent evacuation of the floodplain involves

acquisition of land and structures by fee purchase or by exercising powers of eminent domain.
Following acquisition, all structures and improvements are demolished or relocated. Thereare 1,247
structures within the 100-year floodplain. Since tﬁe depreciated replacement cost of structures in the
100-year flood plain is estimated 10 be approximately $224 million, the cost of this plan, including

land and relocation would be prohibitively expensive and was dropped from further consideration.

Structural Alternatives

27.  Storm surge Barrier Plan: Among the flood damage reduction plans considered was a storm

surge barrier plan, consisting of a storm surge barrier with sector gate and a levee perpendicular to
the Washington Canal and the South River just upstream from its confluences with the Raritan
River. (see Figure 3). This alternative would provide 100-year interior flood protection for most of
the study area. The storm surge barrier levee would tie into high ground east of the Washington
Canal and west of the South River. There would also be a 100-ft wide storm surge (sector) gate in
the Washington Canal to maintain the navigable waterway. A diversion channel would be needed to
handle the flow from the South River branch, which would be blocked by the levee. The diversion
channel would pass through the middle of Clancy Island. The channel was added to avoid the cost of
an additional set of gates across th;z South River. Under non-flood conditions, the tide gate would
remain open allowing the flushing of the Washington Canal and the South River while maintaininga

navigable waterway. During abnormally high flood stages, the gate would be closed. With the gate
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closed, the normal South River discharges would be impounded. Numerical modeling utilizing
HECIFH, an interior flood control model, determined that a pump station for interior drainage would

not be warranted due to storage capacity in the low-lying wetland area.

28. - The primary impacts of this plan include: (1) the levee footprint on an existing wetland, (2)
rerouting the flow of the South River to the Washington Canal, and (3) disturbance of the Island
wetlands to create the diversion channel. In addition, preliminary analysis indicated that this plan
was not economically feasible primarily due to the size of the sector gate with its deep bottom
elevations i.e. an approximate 50 foot high gate would be required for the 100 foot opening. There
was also the potential that this plan could exacerbate tidal flooding upstream along the Raritan River.

As a result of these considerations, this plan was dropped from further consideration.

29.  Levee/Floodwall Plans: This plan consists of levees/floodwalls for 5 reaches, as shown on
Figures 4:& 5. This plan consists of five levee alignments consistent with the 100-year damage

reaches described as follows:

30.  Reach 1: Right bank of the South River in Historic Village of Old Bridge (East Brunswick
Township). This Reach contains approximately 0 commercial structures and 27 residential

structures.

31.  Reach 2: Left bank of the South River in the Historic Village of Old Bridge immediately
downstream of Reach 1. This Reach contains approximately 10 commercial structures and 65

residential structures.

32.  Reach 3: Left bank of the South River in the Borough of South River. This Reach contains

approximately 127 commercial structures and 533 residential structures.

33.  Reach 4: Right bank of the South River and the Washington Canal in the Sayreville area,
across from Reach 3. This Reach contains approximately 26 commercial structures and 400

residential structures.
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34.  Reach5: Right bank of South River just downstream from Old Bridge (Reach 2). This Reach

contains 2 commercial structures and 57 residential structures within the 100-year floodplain.

35.  Levees and floodwalls were aligned as efficiently as possible, to protect the groups of
structures in each reach. Accordingly, lines-of-protection comprised of levee and floodwall systems

that could function separately were developed. Levee/floodwall systems are described below.

36.  Preliminary analysis assumed that the top of all levees would be 100-year storm tide plus
three feet to account for risk and uncertainty in the tidal stage frequency. A preliminary soil analysis
was performed to determine if levee layouts were on good soil or on poor soil. Non-marsh areas

were considered good soil whereas marsh soil was considered poor soil.
37. Levee Reach 1, located in the Spotswood area, was approximately 3,000 feet in length.

38.  Levee Reach 2, which is immediately east of Rt. 18, provided protection for the Historic
Village of Old Bridge. The Reach 2 levee/floodwall length was approximately 3,740 feet. Common
to both Reaches 1 and 2 was replacement of the Old Matawan Road Bridge with associated road
raising of 4 feet. This plan component also required channel realignment of 400 feet of the South

River.

39.  Levee Reach 3, located along the west bank of the South River, protected the Borough of
South River. The total levee/floodwall length would be approximately 8,410 feet, and required a

railroad closure structure.

40.  Levee Reach 4, located along the east bank of the Washington Canal protected the Borough
of Sayreville. The total levee/floodwall length for this reach was approximately 9,090 feet, and
required raising Jemmee Mill Road by 2.6 feet to allow for the levee.

41.  Levee Reach 5, located near the confluence of Deep Run and the South River, protected both
sides of the Bordentown-South Amboy Turnpike. The total levee/floodwall length was
approximately 7,240 feet. This plan (along with the Reach 2 plan) would include: (1) raising the
Bordentown-South Amboy Turnpike Bridge 6 feet over Deep Run, (2) raising of the Turnpike 6 feet,

(3) sealing the bottom of the railway bridge, and (4) constructing 3.5 feet parapets.
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42.  The primary impacts of the levee/floodwall system will be the footprint of the
levee/floodwall on tidal wetlands and indirect impacts to west bank of the South River from changed
tidal flows. An indirect impact to all the reaches will be ponding associated with interior drainage

behind the levee.

43.  Based on the initial screening processes and public involvement it was determined that
Federal participation is not warranted in providing individua! structural protection against tidal
flooding in reaches 1, 2, and 5. The benefit-cost ratio for each of these three reaches based on the

above plan descriptions was approximately 0.1.

44.  Based on the preliminary screening of levees/floodwalls for reaches 3 and 4 it has been
determined that these two plans satisfy the planning objectives outlined in the Plan Formulation

section of the report.

45. Based on the negative Net Benefits for Reaches 1, 2, and 5 for 100-Year level of protection,
it was determined that a levee system would not be justified for these reaches. Therefore, further

study for structural solutions in these reaches was not recommended.

46. These findings were discussed with the residents of Reaches 1,2 and 5 on 28 January 1999 in
the Historic Village of Old Bridge. Representatives of the community were present along with
representatives of the Borough of East Brunswick. Participants explained that they would notlike to
see any structural measures along the river but would request that additional analysis of non-
structural plans take place, however, the non-structural plan assessment for the three reaches resulted

in the costs far exceeding the benefits.

Design Layout Alternatives

47. After screening out preliminary alternatives, it was determined that the most viable
alternative for providing flood protection to the affected areas was to install a combination of levees
and floodwalls with associated interior drainage facilities along the banks of the river inreaches 3 &
4 only as discussed above. For the next phase of more detailed development, two alternative
alignments for reaches 3 & 4 were investigated, i.e. levees and floodwalls upstream (south) of
Veterans Memorial Highway Bridge vs. a storm surge barrier across the South River just

downstream of the same bridge. By eliminating all levee/floodwall alignments in Reaches 3 and 4
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south of the Veterans Memorial Highway Bridge in lieu of a storm surge barrier with an associated
tide gate and interior drainage pump station, additional benefits could be achieved at a lower cost.
Closure of this gate during storm events would create a continuous barrier against tidal surges
inundating low-lying areas and moving further upstream. Therefore, not only would Reaches 3 & 4

benefit, but the previously eliminated Reaches 1, 2 and 5 would also be protected.

48.  Plan 3 - Levees/Floodwalls Only: Elimination of the storm Surge barrier plan at the mouth of

the South River and acquisition and floodproofing of flood prone properties as feasible alternatives
resulted in levees as the most feasible flood damage reduction alternative, subject to additional
refinement. Levee configurations identified as having greatest potential would include levees along
the eastern and western banks of the lower South River. The initial testing of the levee and floodwall
system was made without a tide barrier so that the surge moved upstream of Sayreville. This
alternative effectively protects the flood prone areas of both South River and Sayreville, but does not
prevent tidal surges from moving further upstream and causing damages to Reaches 1,2 and 5 (see
Figure 6).

49.  Plan - Levees/Floodwalls with Storm surge Barrier: A storm surge barrier is included just

downstrearn (north) of the Veterans Memorial Highway Bridge across the South River, eliminating
need for the levees and floodwalls south of the bridge. The storm surge barrier would yield
additional NED benefits for protection of structures within Reaches 1, 2 and 5, and would also
reduce impacts to environmentally sensitive lands as well as limit HTRW concerns due to existing

potentially hazardous sites south of the bridge (see Figure 7).

Comparison of Alternatives

50.  Preliminary designs were performed of the various components of each plan. This included
structural components as well as interior drainage facilities. Quantities were then estimated for these
features as well as environmental mitigation and real estate acquisition. A preliminary costestimate
was prepared for each of the two remaining alternatives using industry standard cost estimating
methods and sources (see Figures 6a & 7a). (Note: All interior drainage, environmental and real
estate quantities and costs were used here for comparison purposes only and may not correlate with
final data seen elsewhere in this report., however incorporation of the final cost data would not have

effected the comparison of alternatives. See the respective appendices for actual values related to this
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study.) Both plans were designed based on a 100-year event with a top of protection elevation,
including allowances for risk and uncertainty, of +17.0NGVD. Asindicated in Table 1, Plan 1 has
the greatest net benefits when compared with Plan 3. From an economic perspective, Plan 1 is the

most desirable plan. From a practical perspective, this plan is a lower cost plan that will require the

lowest expenditures by the Federal government and the non-Federal project partner.

Table 1
Average Annual Costs and Benefits of
Hurricane and Storm Damage Reduction Alternatives
Average
Average Average Annual
Annual Anpual Net Benefit/
Plan Description Costs Benefit Benefits | Cost Ratio
i Storm surge barrier with
levees in the lower reaches -
(Reaches3 & 4) $2,865,000 | $3,319,000 $454,000 1.16
2 | Levees for all reaches - - o
(Reaches 1-5) $3,752,000 | $3,319,000 | ($433,000) 0.88
3 | Levees for reaches 3 and 4 $2,919,000 | $2,930,000 $11,000 1.0

*(100-Year Storm Event; 6 3/8% discount rate, Oct 2000 price levels, 50-year period)

Note: The annual costs include O&M and replacement costs.
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HI. HYDROLOGIC ANALYSIS
Introduction

51.  This section presents basic hydrologic data and its analysis and interpretation in conjunction
with the formulation of a plan of improvement for hurricane and storm damage reduction and
ecosystem restoration in the Raritan River basin along the South River. The improvement plan
consists of levees and interior drainage facilities. The basic hydrologic data analyzed herein includes
precipitation, surface runoff, the development of rainfall depth and stream peak discharge
frequencies, development and use of unit hydrographs, and flood routing in the derivation of existing
and improved conditions. All of these computations are accomplished by a comprehensive basin-

wide HEC-1 model.

Watershed Descriptions

Raritarn River Basin.

52.  The Raritan River drains an area of 1108.5 square miles in northeastern New Jersey. Itenters
tidewater in Raritan Bay near the southern tip of Staten Island, which is also the southernmost point
of New York City. Its basin is roughly trapezoidal, with a maximum length of about 40 miles and
maximum width of about 28 miles. Its major tributaries are the North and South Branches and the
Millstone and South Rivers. Important minor tributaries are Lawrence, Middle and Green Brooks.

Figure 8 shows the South River basin and its confluence with the Raritan River.

Climatology
Climate

53.  The climate of the Raritan River Basin is characteristic of the entire Middle Atlantic
seaboard. Marked changes of weather are frequent, particularly during the spring and fall. The
winters are moderate, with moderate snowfall and the summers are moderate, with hot, sultry
weather midway, and frequent thunderstorms. Precipitation also is moderate, with-about 44 inches
falling annually, well distributed throughout the year. Summer totals of precipitation are slightly
higher than those of the winter. The relative humidity is high. Average annual temperature varies

from 49 F to 53 degrees F. with extremes ranging from 24 degrees below zero at Long Valley, N.J.
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to 109 degrees above at Somerville, N.J. The growing season averages 174 days and the mean annual
relative humidity varies from 67 to 71 percent. Prevailing winds are from the northwest with an
average annual velocity of about 12 miles per hour. The number of days with rainfall of 0.01 inch or

greater averages from about 111 to 123 per year.
Precipitation stations.

54.  The amount of precipitation observed at climatic stations is reported by the various state
offices of the Nationa] Weather Service. Records from rainfall stations maintained by the Weather
Service and other public and private agencies are collected and published monthly by the National
Climatic Data Center, Asheville, North Carolina. The Raritan River basin is presently covered by a
network of 11 official stations. Of these, three are equipped with automatic recording rainfall gages
and the remainder with standard non-recording gages read one or more times daily. One daily

precipitation gaging station is located within the South River basin.
Precipitation stations used.

55.  The precipitation stations used in this study are given in the following Table 2:

Table 2
Precipitation Stations
August 1971 Storm December 1992 Storm
Hourly Daily Hourly Daily

Rahway Springfield Somerville
New Brunswick 3SE | (NONE)* Rahway Plainfield
Hightstown 2W Watchung Long Branch — Oakhurst
Freehold Bound Brook 2W

New Brunswick 3SE

Hightstown 2W

* Green Brook GRR isohyetal map used, instead.
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Snowfall. '

56.  The average annual snowfall of 29.7 inches for the Raritan River Basin is equivalent to about

3.0 inches of rain.

Annual and Monthly Precipitation.

57.  Theaverage annual precipitation for the watershed is approximately 43.6 inches, as derived
from a compilation of past records at the stations in and adjoining the basin. The observed extreme
annual values were 82.37 in. at Plainfield (in 1889) and 28.43 inches at Bound Brook (in 1965). The
monthly extremes ranged from 19.65 inches at Blackwells Mills (in July 1975) to 0.02 at Plainfield
and New Brunswick (in June 1949).

58.  The distribution of precipitation throughout the year is fairly uniform with higher amounts
during the summer months. Comparative rainfall data for gaging stations in and adjacent to the

watershed are contained in Table 3. Locations are shown on Figure 9.

Storm types.

59.  The storms which occur over the Northeastern states have their origins in or near the Pacific
and South Atlantic Oceans and may be classified as thunderstorms, cyclonic trans- continental
storms, extra tropical storms, and West Indies hurricanes. The thunderstorms, occurring usually in
July, are limited in extent and cause local flooding on flashy streams. The cyclonic storms are due to
transcontinental air mass movement, with attendant "highs" and "lows", and occur usually in the
winter or early spring. They are potential flood producers over large areas due to their widespread
extent. The extra tropical storms cause heavy rain usually in the summer and fall seasons. The West
Indies hurricanes of tropical origin proceed northward along the coastal area. They have high winds
and torrential rains of several days’ duration. A northeaster (Nor’easter in New England) isatype of
storm of extra-tropical origin having intense areas of low pressure which moves northward along the
North American Atlantic coast accompanied by easterly or northeasterly winds often blowing at gale
or storm speeds. Northeasters occur during the late fall, winter and early spring, often bringing heavy
rain, heavy snow and severe coastal flooding and beach erosion. These storms have a long duration

with three days being normal. If this type of storm is unusually intense and develops quickly it is

vipin South River, Raritan River Basin
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known as a bomb cyclone. Some storms cause big ocean surges but don’t have much flooding from

rainfall, while for others the reverse is true. Fluvial — tidal correlations are discussed in more detail

later in this report.
[
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Past Storms

60.  The following paragraphs give brief descriptions of a few of the storms that resulted in flood

conditions in the South River basin over the past century.

Storm of 26-28 August 1971,

61. A frontal zone, stationary along the Carolina coast, began moving northward as a warm
front during the afternoon and evening hours 0f 26 August 1971. Rain from this warm front i‘eached
southern New Jersey at about 2100 hours EDT on 26 August and spread northward over the entire
state by 0600 hours EDT on 27 August. The storm traversed New Jersey along a path from Delaware
Bay through Cumberland County northward through the center of the state. It turned northeast on the
morning of 28 August. From New Brunswick, the storm center passed over Newark and reached
southwestern Connecticut by 0800 hours EDT on 28 August. It then continued on up the Hudson
River valley. Heavy thunderstorm rainfall on the morning and afternoon of 27 August combined
with rain from Hurricane Doria on the evening of 27 and 28 August and the early morning hours of
29 August. The combination resulted in total storm rainfall in the New York District area that ranged
from 0.41 inch on Eastern Long Island to 10.29 inches at Little Falls, New Jersey. Storm totals in the
area of the South River basin were 8.59 inches at New Brunswick, 9.40 inches at Hightstown and

8.20 inches at Freehold, New Jersey.

Storm of 10-12 Decentber 1992.

62.  The northeaster coastal storm of 10-12 December 1992 stagnated over the tri-state area for
three days. It moved little, maintaining a pattern of heavy rain, high winds (gusting up to 90 miles
per hour), high tides, severe coastal flooding, and extensive beach erosion. Severe damage to
beachfront properties occurred all along the ocean fronts of New York and New Jersey. Thousands
of people were left temporarily homeless. Downed trees and power lines caused power failures in
many areas. A drop in temperature early on the morning of Saturday, 12 December caused the rain to
change to snow, with accumulations of three inches in coastal areas, up to eight inches inland, and up
to thirty-seven inches in the Catskills. Total storm precipitation in inches of water equivalent for

sixteen stations sampled in New York and New Jersey ranged from 1.07 inches at Martinsville, New

Jersey to 5.61 inches at Hightstown. Storm totals in the area of the South River basin were 4.79
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inches at New Brunswick, 5.61 inches at Hightstown, and 4.60 inches at Bound Brook. The
December 1992 northeaster was chiefly a coastal and not a fluvial flood event. Streams exceeded
flood stage at only three of twenty-one stream gages sampled in New York and New Jersey. These

were all in the Raritan River basin within six miles of each other.

Storm of 28-29 May 1968.

63.  This storm resulted from a low pressure disturbance that originally formed along the Atlantic
coast south of Cape Hatteras, North Carolina. It later reorganized into a Jow pressure center near the
mouth of Delaware Bay with a strong high pressure ridge over northern New England. The total
rainfall for this storm varied from 7.96 inches recorded at Canoe Brook, New Jersey (28 to 31 May
1968) to 3.48 inches recorded at Princeton, New Jersey. The maximum daily rainfall recorded at
Plainfield, New Jersey was 5.75 inches. Average rainfall over the Raritan River basin was

approximately 4.5 inches.

Storm of 15-23 July 1945.

64. This extra-tropical storm consisted of six days of moderate rains followed by about 15 hours
of heavy showers on 22 and 23 July. The storm centered over the eastern edge of the Passaic River
basin, with maximum recorded values of 14.73 inches at Midland Park, New Jersey and 14.64 inches
at Suffern, New York. The heavy showers were localized and spotty, resulting in flash floods on
many small streams. Total storm precipitation in the area of the South River basin was about 8

inches.

Storm of 6-8 November 1977,

65. An extra-tropical storm traveled into the New Jersey coast on November 6. Strong east
winds with speeds of 50 miles per hour were experienced at the shore on November 7%, then
decreased on November 8”. Rain began on the evening of November 6® and continued into the
afternoon of November 8%. The heaviest rainfall was in the northeastern part of the state, where 2
inches fell on the 7* followed by 8 inches or more on the 8". The total storm precipitation at Newark
was 9.25 inches. The storm of November 1977 caused extensive flooding throughout northeastern

New Jersey.

wany =2y
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Hypothetical Rainfall
Specific Frequency Hypothetical Storm Rainfall.

66. A 48-hour duration hypothetical storm was modeled so that the basin-wide HEC-1 model
would be accurate for watersheds with times of concentration between 24 and 48 hours. The Raritan
River, at its USGS gage at Bound Brook, NJ, has a time of concentration of 21.4 hours. Its time of
concentration increases to 24 hours and greater, but not more than 48 hours, as it flows downstream
to the study area (South River) and then to its mouth (Raritan Bay). The South River, at its USGS
gage at Old Bridge, NJ, has a time of concentration of 25.2 hours. Its time of concentration increases

as it flows downstream to its mouth, but to less than 48 hours.

67.  Average point rainfal] depths were taken for the Raritan River and South River basins from

isopluvial (lines of equal rainfall) maps in the following publications:

®  Point rainfall data for duration of 48 hours and return periods of 1, 2, 10, 50 and 100 years

was taken from Technical Paper No. 49, Two to ten-day Precipitation for Return Periods of 2

10 100 Years in the Contiguous United States, U.S. Department of Commerce, Weather
Bureau, Washington, D.C. 1964.

e Point rainfall was determined for return periods of 1, 2, 10, 50, and 100 years and durations
of 1,2, 3, 6, 12 and 24 hours. using Technical Paper No. 40, Rainfall Frequency Atlas of the
United States, U.S. Department of Commerce, Weather Bureau, Washington, D.C. 1961.

*  Point rainfall data for durations of 5 and 15 minutes for interior drainage studies was taken

from Technical Memorandum Hydro-35, Five-to 60-Minute Precipitation Frequency for the

Eastern and Central United States, National Weather Service, Silver Spring, Maryland, June
1977.

e  Point rainfall depths for return periods of 150 and 500 years for all durations were
determined by extrapolation on logarithmic probability paper of annual series point rainfail

depths of return periods of 2 to 100 years.

68.  Point rainfall depths were part of the HEC-1 mode] input and were converted to finite area
rainfall depths with transposition storm areas and procedures contained in program HEC-1. Atime
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step of 1 hour was used for the HEC-1 models because of the sizes and times of concentration of the

HEC-1 model sub-basins. The time series data of the hypothetical storms modeled is therefore in 1

hour increments. The hypothetical point rainfall data is given in Table 4. The resultant hypothetical

storm tirme series data is given in Table 5. Storm areas in square miles used to reduce point rainfall

values to finite drainage area values are given in Table 6

Table 4
Hypothetical Point Precipitation Depths (Inches)
Frequency Duration
(Years)
60 Minute 2-HOUR 3-HOUR 6-HOUR 12-HOUR | 24¢-HOUR | 48-HOUR
1-YEAR 1.19 148 1.63 1.95 2.30 270 3.11
2-YEAR 1.40 1.78 195 2.40 2.90 3.30 3.81
10-YEAR 2.15 2.70 3.00 3.60 4.30 5.10 5.83
50-YEAR 2.78 3.50 3.85 4,70 5.65 6.70 7.78
100-YEAR 3.10 3.80 4.30 5.20 6.30 7.35 8.53
150-YEAR 323 4.03 4.50 545 6.55 7.75 9.00
500-YEAR 3.72 4.66 5.23 6.31 7.65 9.00 10.44
T e S0
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Table 5
One-Hour Precipitation Increments in Inches for Specific Frequency Hypothetical Storms
Hour Ending 1-Year 2-Year 10-Year 50-Year 100-Yea 150-Year | 500-Year
Day 1 - 0100 01 .02 03 .04 .04 .04 03
0200 .01 .02 .03 .04 .04 .05 .05
0300 .02 .02 .03 .04 .04 .05 .05
0400 .02 02 .03 .04 .05 .05 .06
0500 .02 .02 .03 04 .05 .05 .06
0500 .02 .02 .03 .05 .05 .05 .06
0700 02 .02 .03 .05 .05 .05 06
0800 02 .02 03 .05 .03 .06 07
0900 .02 .02 .04 .05 06 .06 .07
1000 .02 .03 .04 .05 .06 .06 .07
1100 .02 .03 .04 .06 .06 .07 0.
1200 02 03 .04 .06 07 07 .0
1300 .03 .03 .06 .08 0 .09 .10
1400 .03 .03 .06 .08 Ki) .09 11
1500 .03 .03 .07 .09 .09 .10 211
1600 .04 .04 .07 .09. .10 12
1700 .04 04 .08 10 .10 2 13
1800 .04 .03 .09 .11 12 3 .15
900 .05 .08 11 14 .17 17 20
2000 06 09 12 .16 .19 .19 23
2100 .07 .10 .14 .19 22 22 27
2200 10 14 :18 .26 27 29 33
2300 13 18 25 .34 37 39 44
2400 .32 40 39 27 7 .87 1.01
Day 2 -0100 .83 97 1.50 1.94 2.1 2.25 2.59
0200 17 .20 34 41 .54 52 KX
0300 .1 .15 2 29 31 33 E
0400 .0 11 .1£ 2 24 .24 .29
0500 .0 09 .13 .18 20 .20 25
0600 .06 .08 .l NE .18 BE 21
0700 .05 .05 .0! 12 12 .14 .16
0800 .04 .04 .0: 11 11 .12 .14
0900 .04 .04 07 .10 10 Jd1 13
000 03 04 07 .09 .09 10 A2
100 03 .03 .06 .08 0! 10 1
200 03 .03 .06 08 .0 .09 10
300 .02 .03 .04 .06 .0 .07
400 02 .03 04 06 .06 07
500 .02 .03 04 .06 .06 06 .
600 .02 .03 04 08 06 .06 .07
1700 .02 .02 03 .05 .05 .06 .07
1800 02 .02 .03 05 05 .06 06
1900 02 .02 .03 05 .03 .05 .06
2000 02 .02 .03 .04 .03 .05 .06
2100 .02 02 03 .04 .05 .05 06
2200 .02 .02 .03 .04 .04 .05 .05
2300 .02 02 03 .04 .04 05 .05
2400 01 .02 .03 .04 .04 .04 05
Total 2.93 3.56 5.49 7.32 8.0 847 9.82
Note: The transposition drainage area is 134.91 square miles (that of South River at its mouth) for the temporal distributions
shown above.
L s 708
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Table 6
STORM AREA “TRSDA” (SQUARE MILES)
Sub Basin TRSDA Description
403060 785.00 Raritan River at Bound Brook USGS gage
MDC2 17.00 Middle Brook at mouth
GRMO 65.12 Green Brook at mouth
INCRGL 898.63 Raritan River above Lawrence Brook
405000 46.18 Lawrence Brook at mouth
LAWRS1 46.18 Lawrence Brook at mouth
405500 13491 South River at mouth
SRS1 134.91 South River at mouth
DEEPSI 134.91 South River at mouth
DEEPS2 13491 South River at mouth
DEEPS3 134.91 South River at mouth
SRS2 13491 South River at mouth
TENNSI 134.91 South River at mouth
TENNS2 134.91 South River at mouth
TENNS3 134.91 South River at mouth
SRS3 134.91 South River at mouth
SRS4 134.91 South River at mouth
INCRLM 1108.50 Raritan River at mouth

Stream Flow
Stream flow Records

69. The U.S. Geological Survey is the Federal agency primarily responsible for the collection
and tabulation of surface and ground water data. These data for the Raritan River Basin are
published annually in the Water Supply Papers of the U S Geological Survey. There are at present
27 active recording stream gaging stations in the Raritan River Basin. The stations have records
varying in length from 1 to 70 years. The gages of particular impact to this study are described

briefly in the following paragraphs. Stream flow data for these gages is shown in Table 7.

= L=—1
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Table 7
USGS Gaging Stations — Stream Discharge Data
Stream Gage Raritan River below | Lawrence Brook | Manalapan Brook | South River at
Calco Dam at at Farringt at Sp d, NJ | Old Bridge, NJ
Bound Brook, NJ Dam, NJ
D.A. (Sq. Mi.) 785 344 40.7 94.6
Water Years 1903-2000 1927-1990 1957-2000 1939-1988
Annual Discharge
Max Water Year 1975 1975 * 1973 1975/1984 *
CFS 2046 79.1 101 225
Min Water Year 1985 1981 * 1981 1965 *
CFS 480 18.0 34.3 67.6
Average Year
CFS 1198 38.9 62.0 142
Monthly Discharge
Max Month Jan 1979 Jul 1975 Jan 1978 Jan 1979
CFS 5825 198 186 485
Min Month Aug 1957 Nov 1953 Jul 1966 Aug 1957
CFS 69.9 0.00 4.40 1.37
Daily Discharce
Max Day 17 Sep 1999 21 Jul 1975 30 May 1968 28 Aug 1971
CFS 61000 2040 1390 3740
Min Day 6 Sep 1964 Various 16 Jun 1957 16 Sep 1967
CFs ¢ 37.0 0.00 0.00 0.00
Peak Discharge
Day 17 Sep 1999 21 Jul 1975 20 Sep 1989 15 Sep 1944
CFS 67000 ** 4920 1700 4250

Note: * indicates data based upon calendar year, not water year
** indicates value determined by Corps of Engineers, not USGS

Raritan River Below Caico Dam at Bound Brook, N.J.

70. This gage, with a drainage area of 785 square miles, is located about 0.4 miles above Middle

Brook and about a mile above Green Brook. The total period of record is 60 years, consisting of two
water-year periods 1904-1909 and 1945-1998. Peaks of the floods of 1882 and 1896 are also
published. The discharge records are rated excellent. This gaged basin is HEC-1 model sub-basin
403060. The gage was known and published as “Raritan River at Bound Brook” before October
1966. The gage was then upstream of Calco Dam and Cuckold Brook and had a drainage area of 779

square miles.

Lawrence Brook at Farrington Dam, N.J.

71.  This gage, with a drainage area of 34.4 square miles, is located on the left bank 300 feet

upstream from Farrington Dam , 0.7 miles southwest of Milltown and 5.4 miles upstream from the

sy
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mouth of Lawrence Brook. The total period of record is 63 years, from Water Year 1927 to Water
Year 1990. The gage was discontinued during June 1990. The discharge records are rated fair except
those below 15 cfs, which are poor. This gaged basin is HEC-1 model sub-basin 405000. The flow at
this gage is regulated by Farrington Lake.

Manalapan Brook at Spotswood, N.J.

72.  This gage, with a drainage area of 40.7 square miles, is located on the right bank of DeVoe
Lake Dam in Spotswood, 0.1 miles upstream from Cedar Brook, and 0.6 miles upstream from the
confluence with Matchaponix Brook. The period of record of this gage is 41 years, from Water Year
1957 to Water Year 1998. The discharge records for this gage are fair. The flow at this gage is
affected by some regulation by Lake Manalapan, Helmetta Pond and DeVoe Lake.

South River at Old Bridge, N.J.

73.  This gage, with a drainage area of 94.6 square miles, is located on the right abutment of
Duhernal Dam, 0.6 miles south of Old Bridge, 2.3 miles upstream from Deep Run and 9.1 miles
upstream from the mouth of South River. The tota] period of record of this gage is 49 years, from
Water Year 1940 to Water Year 1988. The gage was discontinued at the end of Water Year 1988.
The discharge records are rated good, except for periods when the waste gates were open which are
poor. This gaged basin is HEC-1 mode] sub-basin 405500. Flow past this station is affected by
pumpage from well fields for industrial use by Duhernal Water System. There is some regulation by
Duhernal Lake, Lake Manalapan, DeVoe Lake, and several small ponds in headwater tributaries. The

average discharge at this gage, based on 49 years of record, is 142 cfs, unadjusted.

Historic Floods

74. Flood of August 1971 had a peak flow at the Raritan River at Bound Brook stream gage of
46,100 efs (frequency of about 70 years.) Runoff volume there was 3.66 inches, out of a total rainfall
volume of 8.28 inches. This flood, and the August 1973 flood, were well documented in that many

accurate floodmarks were recorded throughout the basin. Damage from these floods was severe.

Annual Series Peak Discharges vs Frequency Relations

75.  Annual series peak discharges vs frequency relations were determined in accordance with

Guidelines for Determining Flood Flow Freguency, Bulletin 17B, United States Water Resources

ML peo TIE
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Council, Washington D.C., revised September 1981. The procedure uses the Log-Pearson Type III
distribution. This procedure assumes that the common logarithms of the annual peak discharges are
normally distributed and that statistical procedures are applicable. This minimizes personal,
subjective judgment in plotting for economic studies. The annual peak discharges for the Raritan
River at Bound Brook, Lawrence Brook at Farrington Dam and South River at Old Bridge are shown
in Table 8.

Partial Duration Peak Discharges vs Frequency Relations

76.  The annual series peak discharge versus frequency curves were augmented with partial
duration series curves which take into account peak flows of magnitude less than the annual peak
flow, regardless of interval of occurrence. These were determined by Weibull plotting position
analyses of all peak flows above a base flow onrecord for the stream gages. Two weeks are required
for hydrologic independence of flood peaks, and to clean tip and repair flood damages, caused by
flooding of Lawrence Brook, South River and the Raritan River, based on past experience.
Therefore, all partial peak discharges that occurred within two weeks of preceding partial peak
discharges were removed from the records before computing curves from them. The resulting
existing conditions peak discharge vs. frequency curves for the three gages listed above are shown on
Figures 10, 11, and 12. ’

Hydrologic Model

77. A comprehensive hydrologic model was developed to most accurately simulate the rainfall -
runoff - streamflow ~ diversion - routing — hydrograph combination behavior of the Raritan River,
Lawrence Brook, and South River basins because of the complexity of the South River and
Lawrence Brook basins and the confluence with the Raritan River. The sub-basins of the model are
shown on Figure 13. A schematic diagram of the stream network in shown in Figure 13a. A time
step of 1 hour was used for the models because of the sizes and times of concentration of the model
sub-basins. Tables 9 and 10 identify the nodes in the HEC-1 model for the Raritan and South River

basins, respectively.
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Table 8

Annual Peak Discharges

48819

Water Raritan River below Calco Lawrence Brook at Farrington South River at Old Bridge, NJ
Year NI Dam, NJ USGS Gaging Sta. #01405500
Date Peak Discharge Date Peak Discharge Date Peak Discharge
{cfs) {cfs) (efs)
1882 09/24/1882 * 47840
1896 02/06/1896 * 54740
1904 10/10/1903 32100
1905 01/07/1905 24200
1906 | 03/04/1906 17800
1907 09/29/1907 16100
1908 01/12/1908 15400
1909 02/25/1909 14100
1927 07/17/27 1720.0
1928 07/06/28 1900.0
1929 04/16/29 705.0
1930 02/14/30 505.0
1931 03/29/31 429.0
1932 03/28/32 1040.0
1933 11/19/32 795.0
1934 03/05/34 535.0
1935 09/06/35 675.0
1936 03/12/1936 21300 | 01/03/36 825.0
1937 12/20/1936 16600 | 12/20/36 505.0
1938 09/22/1938 31000 | 09/21/38 2660.0
1939 02/04/1939 19500 | 02/03/39 885.0
1940 05/31/40 1260.0 06/01/40 1190.0
1941 02/08/41 816.0 07/05/41 1380.0
1942 08/09/1942 26200 | 08/09/42 700.0 02/08/42 673.0
1943 03/07/43 732.0 12/31/42 931.0
1944 09/15/44 22200 09/15/44 4250.0
1945 01/02/1945 15800 | 09/19/45 749.0 07/19/45 3200.0
1946 06/03/1946 24800 | 06/02/46 1280.0 07/23/46 2430.0
1947 04/05/1947 10700 | 05/04/47 457.0 05/05/47 809.0
1948 11/09/1947 15000 | 11/12/47 664.0 08/21/48 3030.0
1949 12/31/1948 30600 | 12/31/48 944.0 12/31/48 2060.0
1950 03/23/1950 11600 | 07/10/50 884.0 07/17/50 876.0
1951 11/26/1950 20200 | 11/25/50 686.0 03/31/51 1100.0
1952 1272171951 22500 | 06/01/52 925.0 06/02/52 2360.0
1953 01/25/1953 17300 | 03/13/53 1110.0 03/14/53 2030.0
1954 12/14/1953 11500 | 09/11/54 643.0 09/12/54 1970.0
1955 08/19/1955 30800 | 08/13/55 1450.0 08/13/55 2650.0
1956 10/15/1955 26700 | 10/16/55 658.0 04/09/56 1060.0
1957 04/06/1957 15400 | 04/05/57 567.0 04/06/57 801.0
P T South River, Raritan River Basin
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Table 8
Annual Peak Discharges (continued)

Water Date Peak Discharge Date Peak Discharge Date Peak Discharge
Year {cfs) (cfs) (efs)
1958 02/28/1958 21500 | 04/06/58 1010.0 03/01/58 1670.0
1959 10/26/1958 12300 | 07/24/59 1610.0 07/24/59 1750.0
1960 09/13/1960 19200 | 09/12/60 1400.0 09/13/60 2430.0
1961 03/24/1961 15600 | 03/23/61 828.0 07/30/61 1640.0
1962 03/13/1962 19500 | 03/12/62 845.0 03/13/62 1620.0
1963 03/07/1963 15300 | 03/06/63 690.0 03/07/63 914.0
1964 01/10/1964 16000 | 01/09/64 387.0 11/08/63 764.0
1965 02/08/1965 16900 | 02/08/65 494.0 02/09/65 876.0
1966 02/14/1966 18800 | 09/22/66 1170.0 02/14/66 1480.0
1967 03/07/1967 29300 | 03/07/67 1510.0 03/08/67 1910.0
1968 05/30/1968 27800 | 05/29/68 1750.0 05/29/68 4180.0
1969 07/29/1969 18600 | 03/25/69 480.0 11/14/68 760.0
1970 04/03/1970 29600 | 04/02770 775.0 04/03/70 1380.0
1971 08/28/1971 46100 | 08/28/71 2920.0 08/28/71 42100
1972 06/23/1972 26900 | 06/24/72 1580.0 11/30/71 1600.0
1973 02/01/1973 28000 | 02/02/73 27100 07/04/73 2060.0
1974 12/21/1973 31000 | 12/21/73 1720.0 1222173 2680.0
1975 07/14/1975 27100 | 0721775 | 4920.0 07/721/75- 3560.0
1976 01/28/1976 20200 | 01/27/76 810.0 01/28/76 1600.0
1977 03/23/1977 26300 | 03/22/77 1040.0 03/23/77 1280.0
1978 01/26/1978 30000 | 01/26/78 1430.0 11/08/77 3160.0
1979 01/25/1979 34600 | 01/221/79 1870.0 01/22/79 3320.0
1980 03/22/1980 25300 | 04/10/80 757.0 04/10/80 2040.0
1981 05/12/1981 182006 | 05/12/81 365.0 05/12/81 534.0
1982 01/05/1982 22900 | 01/04/82 927.0 01/05/82 1190.0
1983 04/16/1983 28100 | 03/21/83 946.0 04/11/83 1980.0
1984 07/07/1984 28600 | 12/13/83 11500 05/30/84 3820.0
1985 09/28/1985 14100 | 09/27/85 535.0 09/28/85 1260.0
1986 04/17/1986 20100 | 04/16/86 993.0 04/17/86 27110.0
1987 04/05/1987 21100 | 07/14/87 618.0 01/03/87 1670.0
1988 07/27/1988 12600 | 07/26/88 816.0 02/13/88 1100.0

1989 09/21/1989 23500 | 09/21/89 4360.0
1990 10/21/1989 17900 | 10/20/8% 899.0

1991 12/04/1990 11400
1992 06/06/1992 15000
1993 12/12/1992 20000
1994 01/29/1994 22900
1995 03/09/1995 11200
1996 01/20/1996 32700
1997 10/20/1996 40100

Note: * indicates an historic peak

-
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Table 9
HEC-1 Node Identification — Raritan River
SUB-BASIN DESCRIPTION
(HEC-1 ISTAQ)
403060 RARITAN RIVER AT BOUND BROOK NJ USGS GAGE
MDC2 MIDDLE BROOK AT MOUTH
GRMO GREEN BROOK AT MOUTH
RADSGR RARITAN RIVER BELOW GREEN BROOK
INCRGL INCREMENT: GREEN BROOK TO LAWRENCE BROOK
RCLLIN DIVERTED HALF OF SUB-BASIN HYDROGRAPH
RSDLIN RESIDUAL HALF OF SUB-BASIN HYDROGRAPH
RRINFL INFLOW TO ROUTING REACH
RARTLB ROUTE TO LAWRENCE BROOK CONFLUENCE
RAUSLB RARITAN RIVER ABOVE LAWRENCE BROOK
405000 LAWRENCE BROOK AT FARRINGTON DAM USGS GAGE
LAWRRI ROUTE TO MOUTH
LAWRSI SUB-BASIN - DAM TO MOUTH
LAWRCI] LAWRENCE BROOK AT MOUTH
RADSLB RARITAN RIVER DOWNSTREAM OF LAWRENCE BROOK
RARTSR ROUTE TO SOUTH RIVER CONFLUENCE (RARITAN RIVER ABOVE SOUTH RIVER)
SRR4 SOUTH RIVER AT MOUTH
RADSSR RARITAN RIVER DOWNSTREAM OF SOUTH RIVER
INCRLM INCREMENT: LAWRENCE BROOK TO MOUTH
RRINF2 RARITAN RIVER INFLOW TO LAST ROUTING REACH
RARTMO RARITAN RIVER AT MOUTH
South River, Raritan River Basin
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Table 10
HEC-1 Node Identification — South River
SUB-BASIN DESCRIPTION
(HEC-1ISTAQ)
405500 USGS GAGE: SOUTH RIVER AT OLD BRIDGE, NJ
SRR1 ROUTE TO CONFLUENCE WITH DEEP RUN
SRS1 INCREMENT: USGS GAGE AT OLD BRIDGE TO CONFLUENCE WITH DEEP
RUN
SRC1 SOUTH RIVER ABOVE DEEP RUN
DEEPS1 DEEP RUN NEAR INTERSECTION RTS. 9 AND 18
DEEPS2 INCREMENT TO RT. 9 CROSSING
DEEPC1 DEEP RUN ATRT.9
DEEPRI ROUTE TO HEC-RAS REACH
DEEPR2 ROUTE TO MOUTH (HEC-RAS REACH)
DEEPS3 INCREMENT: ROUTE 9 TO MOUTH
DEEPC2 DEEP RUN AT MOUTH
SRC2 SOUTH RIVER BELOW DEEP RUN
SRR2 ROUTE TO CONFLUENCE WITH TENNENT BROOK
SRS2 INCREMENT: TO TENNENT BROOK
SRC3 SOUTH RIVER ABOVE TENNENT BROOK
TENNSI1 } TENNENT BROOK AT GOLF COURSE
TENNS2 INCREMENT: TO TENNENT POND DAM
TENNCI1 INFLOW TO ROUTING REACH
TENNR1 TENNENT BROOK AT TENNENT POND DAM
TENNS3 INCREMENT: TO MOUTH
TENNC2 INFLOW TO ROUTING REACH
TENNR2 TENNENT BROOK AT MOUTH
SRC4 SOUTH RIVER BELOW TENNENT BROOK
SRS3 INCREMENT: TO VETERANS MEMORIAL BRIDGE
SRC5 INFLOW TO ROUTING REACH
SRR3 SOUTH RIVER AT VETERANS MEMORIAL BRIDGE
SRS4 INCREMENT: TO MOUTH
SRCé INFLOW TO ROUTING REACH
SRR4 SOUTH RIVER AT MOUTH (RARITAN RIVER)
fe= ==
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Modeling Technique.,

78.  The basic modeling tool selected for this study was the computer program HEC-1 (Flood
Hydrograph Package) developed by the Hydrologic Engineering Center. The program is capable of
performing a variety of hydrologic modeling tasks. The particular capability used for the Raritan
River and South River basins was the "generalized stream network” option. The HEC-1 program
was used to optimize parameters of the precipitation, runoff hydrograph, streamflow, routing, and

combining processes to best reproduce observed hydrographs with known precipitation.

79.  The optimizing algorithm minimizes the sum of the squares of the differences between
concurrent flow ordinates of the observed and computed hydrograph for any given stream gage and
historic flood.

Simulation Processes.

80.  There are several techniques within program HEC-1 with which to input and distribute
rainfall, compute infiltration loss, and determine sub-basin outflow hydrographs. The initial loss
plus constant loss rate option, modified by sub-basin percent impervious cover, was used in the

present study to determine infiltration loss and rainfall excess from input rainfall.

81.  Infiltration loss is subtracted from input time series rainfall data by program HEC-1 to
generate time series rainfall excess data. The Raritan River-South River HEC-1 model uses the
initial loss and constant loss rate option. These input parameters are adjusted by trial and error until
the desired hydrograph volume or peak is obtained. Adopted parameter values are those which best
match the observed hydrographs of the gaged basins, and which result in peak flows which best
replicate high water marks at other locations within the basin for the August 71 and December 92
events, or statistically computed peak Q vs. frequency curves. Adopted values of initial loss in
inches (STRTL) and constant loss rates in inchvhour (CNSTL) used within the HEC-1 models are

shown in Table 11 on a sub-basin basis.

JLiTr T South River, Raritan River Basin
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Tabie 11
Infiltration Loss Parameters
Sub- December 1992 | August 1971 1-Year 2-Year 10 - Year
Basin STRTL | CNSTL [ STRTL | CNSTL | STRTL | CNSTL | STRTL | CNSTL | STRTL | CNSTL
403060 - - - - 1.0 0.1005 1.0 G.1116 1.0 0.1721
MDC2 1.00 0.0700 - - 1.0 0.6300 1.0 0.5882 1.0 0.6350
GRMO 1.00 0.2300 - - 10 0.7370 1.0 0.5760 1.0 0.5650
INCRGL 1.00 0.1700 3.58 0.3400 1.0 0.6700 1.0 0.5800 1.0 0.5900
405000 _ 1.00 0.0900 3.80 0.1800 1.0 0.5800 1.0 0.5900 1.0 0.6300
LAWRS 1.00 0.0%00 3.80 0.1800 1.0 0.5800 1.0 0.5900 1.0 0.6300
405500 177 0.0600 324 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
SRS1 177 0.0600 3.24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
DEEPS1 1.77 0.0600 324 0.2540 1.0 0.2460 1.0 0.2260 i.0 0.2600
DEEPS2 1.77 0.0600 3.24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
DEEPS3 1.77 0.0600 3.24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
SRS2 1.77 0.0600 324 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
TENNSI 1.77 0.0600 3,24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
TENNS2 1.77 0.0600 3.24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
TENNS3 1.77 0.0600 324 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
SRS3 1.77 0.0600 3.24 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
SRS4 .77 0.0600 324 0.2540 1.0 0.2460 1.0 0.2260 1.0 0.2600
INCRI1. 1.37 0.1200 2.78 0.2200 1.0 0.1800 1.0 0.1800 1.0 0.2300
Sub- 50 - Year 100 - Year 150 - Year 500 ~ Year PMF
Basin STRTL | CNSTL { STRTL | CNSTL | STRTL | CNSTL | STRTL | CNSTL | STRTL | CNSTL
403060 1.0 0.2155 1.0 0.2380 1.0 0.2455 1.0 0.2383 1.0 0.10
MDC2 Lo 0.5050 1.0 0.4040 1.0 03630 1.0 0.2698 1.0 0.10
GRMO 1.0 0.4620 1.0 0.2110 10 0.2020 10 0,1962 1.0 0.10
INCRGL 1.0 0.4800 1.0 0.3100 1.0 0.2700 1.0 0.2300 1.0 0.10
405000 1.0 0.5170 1.0 0.4380 1.0 0.3740 1.0 0.2780 1.0 0.10
LAWRS 1.0 0.5170 1.0 0.4380 1.0 0.3740 1.0 0.2780 1.0 0.10
405500 1.0 0.2486 1.0 0.2410 1.0 0.2250 1.0 02180 1.0 0.10
SRS1 1.0 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
DEEPSI 1.0 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
DEEPS2 1.0 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
DEEPS3 1.0 . 0.2486 1.0 0.2410 10 0.2290 1.0 0.2180 1.0 0.10
SRS2 1.0 02486 10 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
TENNSI 1.0 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
TENNS2 1o 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
TENNS3 1.0 0.2436 1.0 0.2410 Lo 0.2290 L0 0.2180 1.0 0.10
SRS3 10 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
SRS4 1.0 0.2486 1.0 0.2410 1.0 0.2290 1.0 0.2180 1.0 0.10
INCRL 1.0 0.2500 1.0 0.2400 1.0 0.2400 1.0 0.2300 1.0 0.10
P South River, Raritan River Basin
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82.  Clark unit hydrographs were used to transform rainfall excess to sub-basin outflow
hydrographs. Tables 12 through 14 give the adopted values for each HEC-1 model sub-basin.

Figures 14a-14f show one hour unit hydrographs for three important locations.

Table 12
Sub-Basin Data
SUB- DRAINAGE | CLARK UNITGRAPH RTIMP BASE FLOW:
BASIN AREA PARAMETERS:____ (PERCENT
somp | TES | RERST| nprrvious s(ggz Q(lég:;‘i ( RTIOR )
403060 785.00 21.40 2050 A;ﬂ:& > -0.81 -0.0600 1.0102
MDC2 17.00 [¢)] (€3] 13.30 -0.26 -0.0120 1.0552
GRMO 65.12 2 2) ) 34.80 -1.44 -0.0670 1.0195
INCRGL 31.51 1.57 2.00 31.50 . -0.81 -0.0600 1.0102
405000 34.40 7.87 8.74 5.00 -0.15 ~0.0360 1.0270
LAWRS! 11.78 5.63 5.38 29.80 -0.15 -0.0360 1.0270
405500 94.60 25.21 19.01 7.60 -1.22 -0.0707 1.0148
SRS! 1.75 0.75 0.78 30.90 -1.22 -0.0707 1.0148
DEEPSI 7.28 332 3.25 6.00 -1.22 -0.0707 1.0148
DEEPS2 578 2.20 2.17 8.40 -1.22 -0.0707 1.0148
DEEPS3 3.86 7.46 6.88 18.70 -1.22 -0.0707 1.0148
SRSZ 1.04 0.63 0.69 24.00 -1.22 -0.0707 1.0148
TENNS]I 4.69 1.58 1.60 19.40 -1.22 -0.0707 1.0148
TENNS2 579 1.70 1.74 13.60 -1.22 -0.0707 1.0148
TENNS3 0.69 (3) {3) 13.60 -1.22 -0.0707 1.0148
SRS3 5.72 1.19 1.24 25.70 -1.22 -0.0707 1.0148
SRS4 3.71 0.38 0.42 25.40 -1.22 -0.0707 1.0148
INCRLM 28.78 1.46 149 50.00 -0.81 -0.0600 1.0102

INPUT UNITGRAPHS (END-OF-HOUR ORDINATES IN CFS):
(1).(2) -~ See Table 13 for input unitgraph

3 448
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(Insert Table 13)
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(Insert Table 14)
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83.  The HEC-1 program computes a runoff hydrograph for any given sub-basin by applying the
rainfall excess record it has generated to a unit hydrograph by using the linear superposition
principle. The outflow hydrographs for each subbasin are then combined with those of other sub-
basins at appropriate confluences, or nodes. Stream routing is then applied to move hydrographs
down- stream. The HEC-1 model output is the response of the basin to input time series storm

rainfall data, in the form of discharge versus time (hydrographs).

84.  HEC-1isalumped parameter model. That is, the parameters or computations for a particular

sub-basin are assumed to be uniform over, and apply over, its entire area.

Rainfall.

85.  The driving input of the HEC-1 model is time series rainfall data applied to each sub-basin,
There are several hourly and daily rainfa].I gages within and surrounding the Raritan River, Lawrence
Brook and South River basins. The hourly gage ‘Watchung’, sets the howrly distribution of rainfall
for the basins. This gage is located in the steep upper Green Brook watershed. The daily station
‘Plainfield’ is located in the Cedar Brook watérshed. The hourly station ‘New Brunswick” Sets the
hourly distribution of rainfall for the upper Lawrence Brook and South River basins. It is located in
the city of New Brunswick, N.J. outside the Lawrence Brook and South River basins but still within

the Raritan River basin. The locations of these gages are shown on Figure 9.

Isohyetal Maps.

86.  The rainfall gages are few in number and far apart with respect to the South River basin.
Isohyetal maps (maps showing lines, or contours, of equal rainfall) or Thiessen networks were
therefore developed to adequately define total rainfall for each HEC-1 model sub-basin. A Thiessen
network showing total and hourly rainfall for the December 1992 storm, and a combined isohyetal
map for the Raritan River basin appears as Figures 15. A Thiessen network showing hourly rainfall
in the South River basin for the August 1971 storm appears as Figures 16. For the August 1971
storm, hourly precipitation weights were determined as the percentage of a sub-basin that fe]l within
the Thiessen polygon for a particular hourly rain gage. Likewise, for the December 1992 storm,

hourly and total storm precipitation weights were determined from separate respective Thiessen

WA gseg A

it uﬁgr!igr South River, Raritan River Basin
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polygons. Time series rainfall data for the August 1971 and December 1992 storms used in the HEC-

1 models of the important historic floods produced by these storms, is shown in Tables 15 through

18.
Table 15
HISTORIC PRECIPITATION DATA 26 ~ 28 AUGUST 1971 STORM
SUBAREA TOTAL STORM HOURLY HOURLY
PRECIPITATION, PRECIPITATION PRECIPITATION
) INCHES GAGE WEIGHT
INCRGL 8.85 NWBR 1.00
405000 8.43 NWBR 0.79
HIGH 0.21
LAWRS!1 8.50 NWBR 1.00
405500 8.48 NWBR 0.17
HIGH 0.22
FREE 0.61
SRS1 8.50 NWBR 1.00
DEEPS1 8.23 FREE 1.00
DEEPS2 8.30 FREE 1.00
DEEPS3 8.36 NWBR 1.00
SRS2 8.45 NWBR 1.00
TENNS1 8.25 NWBR 1.00
TENNS2 8.34 NWBR 1.00
TENNS3 8.40 NWBR 1.00
SRS3 845 NWBR 1.00
SRS4 8.50 NWBR 1.00
INCRLM 8.38 NWBR 0.70
HOURLY PRECIPITATION GAGES:
NWBR NEW BRUNSWICK 3 SE
HIGH HIGHTSTOWN2 W
FREE FREEHOLD
RHWY RAHWAY
e South River, Raritan River Basin
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Table 16

HOURLY PRECIPITATION DATA 26 - 28 AUGUST 1971 STORM

HOUR ENDING: HOURLY PRECIPITATION GAGE
DATE TIME RHWY NWBR HIGH FREE
27AUG 7] 0000 0.00 0.00 0.00 0.10
27 AUG 71 0100 0.03 0.01 0.00 0.00
27AUGT1 0200 0.01 0.19 0.00 0.00
27AUG 71 0300 0.01 0.16 0.40 0.10
27 AUG 71 0400 0.04 0.15 0.20 0.20
27 AUG 71 0500 0.12 0.25 0.40 0.10
27AUGT1 0600 0.02 0.34 0.40 0.20
27AUG 7] 0700 0.05 0.70 0.80 0.30
27AUG 71 0800 0.23 0.25 0.60 1.30
27AUG 71 0900 0.56 0.26 0.10 1.70
27 AUG 71 1000 0.83 0.74 0.40 0.70
27AUG 71 1100 0.40 0.94 0.50 0.30
27 AUG 71 1200 0.75 1.39 1.20 0.30
27AUG 71 1300 1.75 0.07 1.40 0.00
27 AUG 71 1400 130 0.09 0.10 0.10
27 AUG 71 1500 0.18 0.27 0.20 0.80
27AUG 7! 1600 0.06 0.00 0.10 0.00
27 AUG 71 1700 0.00 0.00 0.00 0.10
27 AUG 71 1800 0.08 0.00 0.10 0.00
27 AUG 71 1900 0.00 0.00 0.00 0.20
27AUG 71 2000 0.00 0.00 0.00 0.00
27AUG 71 2100 0.02 0.01 0.00 0.00
27AUGT1 2200 0.01 0.00 0.00 0.00
27 AUG 71 2300 0.01 0.01 0.00 0.00
28 AUG 71 0000 0.01 0.12 0.10 0.00
28 AUGT1 0100 0.01 0.22 0.40 0.30
28 AUG 71 0200 0.10 0.46 110 0.90
28 AUGT1 0300 0.47 0.67 0.70 0.50
28 AUG 71 0400 0.90 095 0.10 0.00
28 AUG 71 0500 0.13 0.21 0.10 0.10
28 AUG 71 0600 0.05 0.08 0.00 0.00
28 AUG 71 0700 0.02 0.03 0.00 0.00
TOTAL 8.15 8.59 9.40 8.20
Tom TS o
nuumine South River, Raritan River Basin
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HOURLY PRECIPITATION GAGES:

' Table 17 :
HISTORIC PRECIPITATION DATA 10-13 December 1992 STORM
SUBAREA HOURLY HOURLY TOTAL STORM | TOTAL STORM
PRECIPITATION | PRECIPITATION | PRECIPITATION | PRECIPITATION
GAGE WEIGHT GAGE WEIGHT
MDC2 BB2W 92 WTCH 2
WTCH 8 PLFD 8
BB2W 57
SMRV 33
GRMO SPRF 3 SPRF 3
WTCH, 54 WTCH 27
RHWY 7 PLFD 54
BB2W 20 NWER - i
NWBR 16 BB2W 15
INCRGL BB2W 38 BB2W 38
NWBR 62 ~ NWBR 62
405000 NWBR i NWBR 1
LAWRS!1 NWBR 1 NWBR 1
405500 NWBR 62 NWBR 58
HIGH 38 HIGH 37
LBOH 5
SRS1 NWBR 1 NWBR 1
DEEPS1 NWBR 1 NWBR 1
DEEPS2 NWBR 1 NWBR 1
DEEPS3 NWBR 1 NWBR 1
SRS2 NWBR 1 NWBR 1
TENNS1 NWBR 1 NWBR 1
TENNS2 NWBR 1 NWBR 1
TENNS3 NWBR 1 NWBR 1
SRS3 NWBR 1 NWBR i
SRS4 NWBR 1 NWBR 1
INCRLM NWBR 58 PLFD il
RHWY 42 RHWY 37
NWBR 52

TOTAL STORM PRECIPITATION GAGES / VALUES (INCHES):

NWBR NEW BRUNSWICK 3 SE SMRV ~ SOMERVILLE 3 NW 2.85
HIGH  HIGHTSTOWN2 W PLFD  PLAINFIELD 2.82
SPRF  SPRINGFIELD LBOH  LONG BRANCH OAKHURST 3.70
RHWY RAHWAY RHWY RAHWAY
2.85
WTCH WATCHUNG SPRF SPRINGFIELD 286
BB2W  BOUND BROOK 2 W WICH WATCHUNG 275
BB2W  BOUNDBROOK 2 W 4.60
HIGH HIGHTSTOWN 2 W 5.6}
NWBR  NEW BRUNSWICK 3 SE 479
158 153 . . N
NPT South River, Raritan River Basin
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Table 18
HOURLY PRECIPITATION DATA 10-13 December 1992 STORM

HOUR ENDING: HOURLY PRECIPITATION GAGE
DATE TIME SPRF RHWY WICH BB2W NWBR HIGH
10 DEC 92 1400 0.00 0.00 0.01 0.00 0.00 0.00
10 DEC 92 1500 0.00 0.00 0.01 0.00 0.00 0.00
10 DEC 92 1600 0.01 0.02 0.00 0.00 0.00 0.00
10 DEC 92 1700 0.02 0.00 0.01 0.00 0.00 0.00
10 DEC 92 1800 0.01 0.00 0.00 0.00 0.00 0.00
10DEC 92 1900 0.00 0.00 0.00 0.00 0.00 0.00
10 DEC 92 2000 0.00 0.09 0.02 0.00 0.00 0.00
10 DEC 92 2100 0.08 0.13 0.10 0.20 0.20 0.30
10DEC 92 2200 0.11 0.17 0.12 .10 0.18 0.24
10 DEC 92 2300 0.17 0.16 0.15 020 0.19 0.25
11 DEC 92 0000 0.20 0.15 0.18 0.20 0.19 0.25
11 DEC 92 0100 0.16 0.11 0.12 0.20 0.17 0.25
11 DEC92 0200 0.12 0.16 0.14 0.20 0.19 026
11 DEC 92 0300 0.20 0.12 0.16 0.10 0.20 0.25
11 DEC 92 0400 0.12 0.05 0.20 0.30 0.18 025
11 DEC92 0500 0.08 0.09 0.10 0.30 0.17 0.28
11 DEC 92 0600 0.14 0.2] 0.12 0.10 0.18 0.23
11 DEC 92 0700 0.17 0.20 0.18 0.30 0.19 0.25
11 DEC92 0800 0.16 0.13 0.25 0.40 0.18 0.11
11 DEC92 0900 0.09 0.14 0.10 0.20 0.08 0.10
11 DEC92 1000 0.06 0.09 0.06 0.20 0.11 0.11
11 DEC 92 1100 0.04 0.12 0.06 0.20 Q.11 0.10
11 DEC92 1200 0.11 0.14 0.07 0.10 0.10 0.08
11 DEC92 1300 0.05 0.10 0.03 0.10 0.10 0.00
11 DEC92 1400 0.05 0.14 0.02 0.10 0.11 0.00
11DEC92 1500 0.05 0.04 0.05 0.20 0.09 0.00
11 DEC92 1600 0.03 0.00 0.03 0.10 0.11 0.00
11 DEC 92 1700 0.05 0.13 0.02 0.00 0.00 0.00
11 DEC 92 1800 0.08 0.01 0.10 0.10 0.00 0.00
11 DEC92 1900 0.04 0.01 0.01 0.10 0.00 0.20
11 DEC92 2000 0.04 0.01 0.02 0.00 0.00 0.21
11 DEC92 2100 0.02 0.02 0.03 0.10 0.00 0.21
11 DEC92 2200 0.01 0.00 0.01 0.00 0.20 021
11 DEC®2 2300 0.02 0.00 0.00 0.00 022 0.22
12DEC92 0000 0.00 0.00 0.00 0.00 022 0.22
12DEC92 0100 0.00 0.00 0.00 0.00 021 0.22
g@_ South River, Raritan River Basin
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Table 18 (continued)
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DATE TIME | SPRF .| RAWY | WICH | BBZW .| NWBR | HIGH
12DECS: | 0200 | 000 0.00 0.00 0.00 V3] 023
12 DEC 52 0300 5.00 0.00 001 0.00 0.02 523
12 DEC 92 0400 .01 0.02 0.1 510 0.08 .15
12DEC 92 0500 0.02 .00 0.0 .00 0.00 0.00
12 DEC 92 0660 0.04 0.00 0.00 0.00 5.00 0.00
12 DEC 52 6700 0.02 .00 0.01 0.00 0.00 .00
12 DEC 92 0860 0.00 0.00 003 0.00 0.02 .00
12 DEC 52 0900 0.00 001 | 002 0.00 0.03 0.02
12DEC 93 1000 0.00 0.04 0.00 0.00 0.02 0.01
12 DEC 92 1160 .01 0.02 0.60 0.00 0.02 0.01
12 DEC 92 1200 0.0 0.01 6.00 .00 0.04 .01
12 DEC 92 1300 0.03 0.01 0.01 0.10 0.06 9.01
12 DEC 92 1300 0.04 .03 0.00 .05 0.61
2 DEC 92 1500 0.05 0.00 .10 0.04 0.01
12 DEC 92 1600 0.03 0.03 0.00 0.06 0.01
12 DEC 92 1760 0.02 0.05 0.10 0.02 0.01
12 DEC 92 1800 .01 .01 0.00 .01 .01
12 DEC 92 1500 0.00 0.01 0.10 0.03 0.01
12 DEC 52 2600 500 T0.00 0.01 0.01
12 DEC 52 2100 0.00 .01 5.01 .01
12 DEC 92 33200 0.00 0.00 0.01 .01
13 DEC 63 2300 0.00 .01 0.02 B.01
13DEC 2 0000 .00 0.00 0.04 0.01
13 DEC 92 0100 0.00 0.60 0.01 0.01
13 DEC 92 0300 6.00 0.01 0.02 .01
13 DEC 92 0300 .00 0.01 0.04 .02
13 DEC 92 6400 0.02
13 DEC 52 0560 0.02
13 DEC 52 0600 0.02

TOTAL 2.86 2.85 275 260 479 5.61
HOURLY PRECIPITATION GAGES:
SPRF  SPRINGFIELD
RHWY RAHWAY
WTCH WATCHUNG
BB2W BOUND BROOK 2W
NWBR NEW BRUNSWICK 3 SE
HIGH HIGHTSTOWN 2 W
i ﬁ‘g: g South River, Raritan River Basin
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Percent impervious area

87.  Percent impervious area (RTIMP) of each HEC-1 model sub-basin was estimated from U.S.
Geological Survey 7.5 minute topographic maps and existing conditions aerial photography of the
South River proposed improvement reaches. The scale of the latter mapping is large enough to show
individual houses and other buildings within urbanized areas that appear as solid pink or purple tint
on the USGS quadrangles. This detail was used to accurately determine percent impervious cover

within these urbanized areas.

88.  The HEC-1 program uses input variable RTIMP to reduce the computed sub-basin initial loss
and constant loss rate from nominal input values. The resulting effective value is then used for the

entire sub-basin. These values are summarized in Table 12.

Base Flow and Recession.

89.  Historic flood hydrographs recorded at gaged locations within the Raritan River-Lawrence
Brook-South River HEC-1 model were analyzed to determine base flow and recession parameters
required for input to computer program HEC-1. Input variable STRTQ is average channel base flow
at the start of a runoff-producing storm. HEC-1 input variable QRCSN is the discharge on the
falling limb of a flood hydrograph at which direct runoff ceases and pure base flow begins. It was
determined by semi-logarithmic plots of the recorded historic flood mentioned above. The same
plots were used to determine HEC-1 input variable RTIOR, the ratio of base flow at any time after
QRCSN to base flow occurring one hour later. The general expression for base flow, Q, used within

program HEC-1 is:

Q = QRCSN (RTIOR) ¥

where
QRCSN=failing limb discharge where direct runoff ceases and pure base flow begins.
Q=basé flow occurring N hours after QRCSN.
RTIOR=base flow at or any time after QRCSN/ base flow occurring one hour later.

Final adopted base flow parameters are given in Table 17.

u ‘ﬁ%@i?‘é‘é South River, Raritan River Basin
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Channel Routing.

90.  The Muskingum and the Modified Puls methods were the HEC-1 routing procedures selected
for use in this study. The Modified Puls method is based on the equation of continuity (conservation
of mass), and outflow as a single-valued function of reach storage. The storage versus outflow data
was taken from a comprehensive set of water surface profile (program HEC-RAS) runs which
capture the full channel and overbank storage in the Raritan River-South River stream system. The
hydraulic water surface profile HEC-RAS models used were calibrated to data for the August 1971
and December 1992 floods. Muskingum routing was used in the few reaches where HEC-RAS data
was not available. Muskingum parameters for the few reaches where HEC-RAS data was not
available are given in Table 19; existing conditions storage-outflow relationships for Modified Puls

routing reaches are given in Table 20,

Table 19
Existing Conditions Channel Routing Data — Muskingum Routing
ROUTING REACH Number of Routing Muskingum K Muskingum X
HEC-1 MODEL LOCATION: Stops (hours)
Lawrence Brook: 1 7.47 0
LAWRRI - Route to Mouth
Deep Run 1 6.30 0
DEEPRI - Route to HECRAS Reach
Tennent Brook i 3.60 0
TENNR1 - Tennent Bk at Tennent Pond
Dam
L=
a1, _pong i
Jundiig South River, Raritan River Basin
March 2002 46 Hydrology, Hydraulics & Design Appendix
48819

5-6-9



240

Table 20
Existing Conditions Channel Routing Data — Modified Puls Routing
ROUTING REACH
HEC-1 MODEL SV/SQ | DATA PAIRS:
LOCATION:
RARITAN RIVER:
RARTLE SV G| 6958 | 8399 | 12094 | 16226 | 18659 | 19819 | 24450 | 37188
ROUTE TO sQ 0] 21700 | 26920 | 39070 | 52780 | 60440 | 63340 | 78480 | 120770
LAWRENCE BROOK
RARTSR SV 450 | 5037 | 5885 6747 | 7826 | 8399 | 9778 | 17496
ROUTE TO SOUTH SQ O | 9615 | 24890 | 35660 | 48200 | 54720 | 70960 | 177103
RIVER
SOUTH RIVER:
SRR1 SV 669 738 865 1042 | 1294 | 1448 | 1927 4434
ROUTE TODEEPRUN | SQ 0] 725 ] 2030 3500 | 5170 | 6030 | 8350 | 26390
DEEP RUN:
DEEPR2 SV 148 177 229 315 467 375 845 1562
ROUTE TO MOUTH SQ 01 285 800 1360 | 2000 | 2330 | 3170 | 8170
SOUTH RIVER:
SRRZ 5% 317 | 434 | 465 506 567 604 705 1700
ROUTE TO TENNENT Q| 0| 830 2320 3950 | 5780 | 6780 | 9270 | 28890
BROOK
TENNENT BROOK:
TENNR2 SV 73 34 103 124 147 158 185 316
ROUTE TO MOUTH 30 0 375 | 1040 1710 | 2460 | 2860 | 3730 3080
SOUTH RIVER:
SRR3 SV 146 | 1586 | 1742 1930 | 2194 | 2350 | 2765 6228
ROUTETOVETSMEM | SQ 0 895 | 2490 4230 | 6160 | 7220 | 6820 | 29550
BRIDGE
SRR4 SV 192 ] 2153 | 2505 2028 | 3503 | 3822 4621 9757
ROUTE TO MOUTH 3Q 01 1030 | 2630 4400 | 6330 | 7440 | 9510 | 28430
RARITAN RIVER:
RARTMO sV 300 | 31310 | 31833 | 32474 | 33411 | 33973 | 35534 | 49079
ROUTE TO MOUTH $Q 0 | 10630 | 27780 | 40460 | 54500 | 62460 | 81000 | 202820

»  Storage (SV) in acre-feet vs. Qutflow (SQ) in cubic feet per second (from HEC-RAS)

91.  The HEC-1 models were then run as part of the calibration process described below.

@& South River, Raritan River Basin
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Calibration and Verification
Recent Historic Floods

92.  The HEC-1 model of the Raritan River-Lawrence Brook-South River basins was calibrated,
where possible, to flood hydrographs recorded by the following USGS stream gages for the August
1971 and December 1992 floods:

¢ South River at Old Bridge, NI
» Lawrence Brook at Farrington Dam

¢ Manalapan Brook at Spotswood, NJ

A verification run to a third flood was not made due to the fact that the majority of the model had
been well calibrated in previous studies. Much unitgraph work had also been done with other
storms. The two storms chosen to calibrate represent a predominantly coastal event and a

predominantly fluvial event.

August 1971 (Tropical Storm “Doria”) flood:

93.  Thislarge, severe, well-known and well-documented historic flood was thoroughly calibrated
to and reproduced in the hydrology and hydraulics of the Green Brook GRR (General Re-evaluation
Report), dated May 1997. This included an excellent reproduction of the flood hydrograph recorded
by the Raritan River below Calco Dam at Bound Brook USGS stream gage, and good reproductions
of recorded hydrographs , peak flows and flood marks throughout the Green and Middle Brook
basins. The existing conditions hydrograph, computed for the Raritan River below Green Brook, by
the calibrated HEC-1 model of the Green Brook GRR, was therefore considered accurate, and was
therefore input directly as the start of the HEC-1 model of the August 1971 flood, in the Raritan

River, Lawrence Brook, and South River basins, in the present study.

December 1992 (northeaster) flood:

94. This was a severe tidal or ocean flood in the South River basin, with a small river, or fluvial,
component. Many historic floods were reproduced well at the Raritan River at Bound Brook stream
gage with the one adopted unit hydrograph, historic rain data, and reasonable loss and base flow
parameters, in the hydrology of the Green Brook GRR. Therefore, to save time and money in the

present study, no attempt was made to reproduce the flood discharge hydrograph recorded by the

W T ,
LRI South River, Raritan River Basin
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Raritan River at Bound Brook stream gage for the December 1992 flood. Rather, it was input
directly as the start of the HEC-1 model of this flood for the Raritan River, Lawrence Brook, and
South River basins. Peak flows of Middle Brook at mouth (1640 cfs) and Green Brooks at mouth
(1630 cfs) were estimated for the December-1992 flood from observed values of peak flows of this
flood at the West Branch Middle Brook near Martinsville, NJ and Bound Brook at Middlesex (Green
Brook below Bound Brook) stream gages, and peak flow relationships in the Green Brook GRR
hydrology. These estimated peak flows were reproduced by December 1992 rainfall data and the unit
hydrographs of Green and Middle Brooks at their mouths. A peak flow at the Lawrence Brook at
Farrington Dam stream gage (1270 cfs) was reproduced in the same way. No hydrograph or peak
flow data was available to calibrate to at the South River at Old Bridge gage for the December 1992
flood, but a full hydrograph was reproduced at the Manalapan Brook at Spotswood gage. This gaged
basin lies within, is part of, and is about haif the area of the South River at Old Bridge gage. Loss
rates adopted for the December 1992 flood for Manalapan Brook at Spotswood, NJ were reasonable
and were adopted and applied to the entire South River basin in the HEC-1 model of the December
1992 flood done for this study. 4

Specific Frequency Hypothetical Floods.

95.  The hypothetical storms in Table 5 were applied to the calibrated HEC-1 model to compute
the specific frequency hypothetical flood hydrographs throughout the basin. Hypothetical flood
infiltration loss parameter values are set by the need to reproduce peak flows at selected frequencies
of peak flow vs. frequency curves computed from stream gage data by accepted statistical
procedures. Values of infiltration loss parameters adopted for the hypothetical floods are given in
Table 11.

Documentation.

96.  The computed existing conditions hypothetical and August 1971 and Decernber 1992 flood
peak discharges are shown in Table 21. The computed existing conditions August 1971, December
1992, 10 year, 150 year, Probable Maximum Flood and Half Probable Maximum Flood hydrographs
at important locations throughout the basin are shown on Figures 17a through 17dd. Existing
conditions peak discharges versus drainage area for the Raritan River and the South River are shown

on Figures 18a and 18b. Existing conditions peak discharge versus frequency curves at the three

SuTimihi South River, Raritan River Basin
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USGS gages and at important locations on The Raritan River and on the South River and its

tributaries, are shown on Figures 19a— 19¢.

Insert Table 21

mugnlxg South River, Raritan River Basin
March 2002 50 - Hydrology, Hydraulics & Design Appendix

48819 5-6-9



245

Probable Maximum Flood.

97.  The Probable Maximum Flood (PMF) is, by definition, the flood produced in the study basin
by the Probable Maximum Storm (PMS). The PMS is defined as the storm that represents the most
severe flood-producing rainfall — depth—area ~ duration relationship and isohyetal pattern considered

reasonably possible for the study basin.

98.  The PMF is computed here so that the half PMF can be computed and displayed to comply
with the requirements of residual and induced flooding documentation in Appendix A of ER 1110-2-
1150, Engineering and Design for Civil Works Projects, U.S. Army Corps of Engineers, Washington
D.C. 31 March 1994. It is defined by taking half the ordinates of the PMF hydrograph at any given
location. Data on the half PMF in the South River and Raritan basins under the Recommended Plan

is given in the separate section, Residual and Induced Flooding, Recommended Plan.

99.  The PMS was computed in a simplified way in this study for the South and Raritan River
basins because, as noted above, there are no high hazard dams proposed as flood control measures
whose sudden and catastrophic failure must be considered. Rather, the only need for the PMF is so
that the residual flooding of the half PMF may be computed and displayed.

100. A 10 square mile Probable Maximum Storm (PMS) had already been computed for the upper
Green Brook basin in New Jersey, using Probable Maximum Precipitation (PMP) data valid for the
entire Raritan River basin, for the Green Brook Flood Control Project — General Re-evaluation
Report (GRR), U.S. Army Cormps of Engineers, New York District, December 1996. The
computation was done in a rigorous and thorough manner using Corps-supported computer program
HMR-52, Probable Maximum Storm : Eastern United States. See Table 22 for the Raritan River
basin PMP input data. See Support Document F : Hydrology of the Green Brook GRR for a detailed

explanation of the PMS computation.

@ =
WAL soeq AFL
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Table 22 :
Probable Maximum Precipitation Depths in Inches
Area Duration (hours)
(Square Miles) |6 12 24 48 72
10 26.50 30.60 33.30 37.60 39.30
200 16.20 21.40 25.30 28.80 30.00
1000 13.20 16.50 20.50 23.80 24.50
5000 8.00 11.40 14.30 17.80 19.00
10000 6.10 9.20 11.80 14.80 16.00
20000 4.35 7.37 9.80 13.15 14.05

» Data taken from Hydrometeorological Report No. 51, Probable Maximum Precipitation
Estimates, United States East of the 105" Meridian, U.S. Department of Commerce, NOAA,
Office of Hydrology, Silver Spring, MD. September 1976

101.  The 10 square mile Probable Maximum Storm computed for upper Green Brook was placed
alongside 100 and 1000 square mile storm PMP depths in 6-hour increments determined by program
HMR-52 from the PMP input data, and arranged in the same critical pattern as the 10 square mile
PMS. Each 6-hour increment of the 100 and 1000 square mile PMP data was broken into hourly
increments according to the howly time distribution of the 10 square mile Probable Maximum
Storm. The result appears in Table 23. The three sets of time series data (10, 100 and 1000 square
miles) were then input to a HEC-1 model of the PMF for the Raritan and South River basins.

rsayiy South River, Raritan River Basin
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Insert Table 23
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102.  Two sets of weighting factors were then computed for use in the Raritan and South River

basins HEC-1 model.

103.  One set was for the drainage area of the Raritan River above the South River { 944.81 square
miles, HEC-1 node RARTSR) and the second set was for the drainage area of the South River at its
mouth (134.91 square miles, HEC-1 node SRR4). The weighting factors are logarithmic and are
input to HEC-1 to allow it to interpolate PMS time series data for the two drainage areas above from
the input 100 and 1000 square mile time series data input. The weighting factors, and their

application in the HEC-1 model, are given in Table 24 below.

Table 24
PMS Weighting Factors in the HEC-1 Model
Factors Drainage
100 1000 Area Description Used for Sub-Basins

Sq.Mi. | Sq.Mi. | (Sg-Mi)

0.025 0975 |944.81 Raritan River | Raritan R. @ Bound Brook (USGS
above South | gage),Middle, Green and Lawrence
River "1 Brooks, Raritan increment: Middle

Brook to South River

0.870 | 0.130 134.91 South River at | All South River sub-basins

mouth

104. For the last sub-basin (INCRLM), Raritan River increment, South River to mouth, the
controlling drainage area for PMP is that of the Raritan River at its mouth (1108.50 sq. mi., HEC-1
node RARTMO) but the 1000 square mile PMS is close enough, and is a little conservative, and

therefore used at a weight of unity for this sub-basin.

105. The approach described above represents a double centering of the PMS isohyetal pattern
{Raritan River above South River and South River at mouth) and is permissible according to both
report and computer program HMR-52. The approach was taken to compute a conservative half PMF
for the improvement reaches of the South River, taking into full account the backwater effect of a

half PMF of the Raritan River upon the South River.

’gl-t;%‘;ll "
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106. The result of this approach approximates a Probable Maximum Storm computed in the
rigorous and complete way with computer program HMR-52 for both the South River at its mouth
and the Raritan River above the South River { 100 and 1000 square mile Probable Maximum Storms,

respectively).

107. For the HEC-1 model of the PMF, the peaks of the unit hydrographs of all the HEC-1 model

sub-basins were increased 25 percent above the values used in the HEC-1 models of the other
hypothetical floods, and the two (August 1971 and December 1992) historic floods, in compliance
with paragraph 8 (b) of ER 1110-8-2 (FR), Inflow Design Floods for Dams and Reservoirs, U.S.
Army Corps of Engineers, Washington D.C. 1 March 1991. The rationale behind this is to provide

as conservative an estimate as possible of the PMF peak flows, in light of the fact that unit
hydrographs are usually determined from floods much smaller than the PMF, and that watersheds

tend to become more efficient flood peak producers under so large a storm as the PMS.

108. The HEC-1 model of the PMF developed as described above was run with an initial loss of
1.00 inch and a constant loss rate of 0.10 inch per hour. This constant loss rate is lower than that
used for any of the specific frequency hypothetical floods (1 to 500 year) but is higher than that used
for the December 1992 flood (0.06 inch per hour) for the South River basin. It is still a conservative
loss rate for the PMF because, for the South River basin, a higher initial loss is used for the
December 1992 flood than for the PMF (1.77 inches as opposed to 1.00 inch) because the December
1992 flood consisted of some snowmelt, and because the Probable Maximum Flood is so much

larger than the December 1992 flood in the South and Raritan River basins.

109. The PMF peak flows computed as described above are given in Table 21 along with the half
PMF peak flows.

Fluvial-Tidal Correlation.

110.  An analysis was done to answer the question, for existing éondiﬁons, and for the ;;foposed
improvements on the South River, what frequency fluvial, or river, flood, occurs at the same time
(coincident with) a tidal, or ocean surge or flood, of a given magnitude or frequency? An answer to
this question is needed for the analysis presented here because the Raritan River between its
confluence with the South River and its mouth (Raritan Bay, Atlantic Ocean) is so flat, and its

KR " South River, Raritan River Basin
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floodplain so flat and wide, that its flood elevations are almost exclusively controlled by the Atlantic
Ocean. The same is true for the reach of the South River under consideration for improvement
(USGS gage at Duhernal Dam, South River at Old Bridge NJ, to mouth, or confluence with Raritan
River). This reach of the South River is als§ affécted by tidal backwater. It is noted that the largest
storm or record, the December 1992 event, reached near the top of Duhernal Lake Dam, but did not

flood upstream.

111. The interaction of river and ocean must therefore be considered to determine if flood
elevation vs. frequency for the South River reaches to be protected by the proposed improvements

are also fluvial (river) influenced.

112.  Peak river discharge and peak ocean elevation data was obtained for major coastal storms and
major river (fluvial) floods from the September 1938 hurricane flood to the present. These included
(but were not limited to) the aforementioned hurricane flood, the September 1944 hurricane flood,
Hurricane Donna (September 1960), the March 1962 Nor’Easter, the August 1971 (“Doria”) flood,
the flood of November 1977, Hurricanes David (September 1979), Gloria (September 1985) and
Hugo (September 1989), the Halloween *91 Nor’Easter, the December *92 Nor’Easter (tidal flood of

record in the study area) and the October *96 Nor’Easter.

113.  Peak river discharge data was obtained for three USGS gaged basins in the study area :
Raritan River at Bound Brook, NJ, Lawrence Brook at Farrington Dam, NJ and South River at Old
Bridge NIJ. Peak ocean elevation data was obtained for the two tide gages, Perth Amboy NJ, and
Sandy Hook NJ, respectively, at and close to, the mouth of the Raritan River. The data is shown in
Table 25. The peak flow and surge data was transformed to common (base 10) logarithms. Peak
flow data from each of the three stream gages was correlated with peak ocean surge data from both
tide gagesto pioduce 3 x 2= 6 correlations, or data sets, of river and ocean peak data. Coincidence,
or timing, was not considered in this analysis but looked at separately within the August 1971
(“Doria”) flood and the December 92 Nor’Easter, the two historic floods used in the calibration of
the South River hydrologic and hydraulic models (HEC-1 and HEC-RAS, respectively).

DY g ANE
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Table 25 -
Fluvial Tidal Correlation — Peak Elevations vs Peak Flow
Storm Date Peak Elev. Peak Discharges (CFS) Storm Date Peak Elev. Peak Discharges (CFS)
(NGVD) (NGVD)
A B C D E A B C D E

74 SEF 1882 47840 ND ND 14 UL 1975 333 37100 1330 1790
06 FEB 1696 34740 N ND 21 UL 1975 372 34300 3560 4926

TOOCT 1903 F2160 ND ND 26 5EF 1975 [¥3] 23500 1540 1540

177001927 ND ND 1720 35 MAR 1977 X5 26300 1280 1040 ]

06 TOL 1928 D WD 1900 CENOV 1677 500 X1} 19060 3160 560

71 SEP 1938 356 650 31000 ND 3660 26 IAN 1978 320 36000 3000 1430

T4 SEP 1944 770 1 746 ND 3250 2326 5 JAN 1575 586 34600 3320 1870

19701 1943 12500 3200 ND JAMAY 1979 57 18860 330 1430
03 JUN 1546 ZAE00 3320 1280 54 AUG 1979 (x4 E3300 | E400 | ES0

T3 T0L 1946 14560 2430 1050 06 SEP 1979 55 12300 E940 | 1180 |
2T AUG 1548 ND 3030 ND 20 DEC 1979 5 D 86D D10 1756 |
3TDEC 1948 30600 7080 545 35 0CT 1980 7O |"E380 | E390 | D30 |
2SNOV 1950 730|950 | 20200 1 780 ) 15NOV 1581 Sax B 136 D30 EE]

G2 JUN 1952 306 15200 3360 330 78 MAR 1583 375 14000 750 550 |
6 TNOV 1953 750 Do | E430 ND T6 APR 1983 778 28160 1300 750
ITAUG 1554 640 E4380 | E270 D30 39 MAR 1984 - 7 792 | E 8470 3576 | E 460
13AUG 1953 716 27300 3650 1450 30 MAY 1984 367 TA300 | 3820 | 1040 |
15 AUG 1955 338 30800 WD 570 G7JUL 1084 358 28600 1350 €30

TA160CT 1955 | 630 | 170 36700 1040 860 12 FEB 1585 700 | E9320 1260 | E 230
20 MAR 1958 620 D070 750 E250 Z7SEF 1985 7.05 14706 260 530

24 JUL 1558 326 ND 1750 1510 03 NOV 1985 238 | D240 | E30 | D]

T2 SEP 1960 840 | 1000 | 19300 3430 1360 17 APR 1986 ESE] 20100 7710 950

13 APR 1961 §90 TR0 7550 750 01 JAN 1987 710 735 1 D10 1670 | E 440
F30CT 1961 550 BIH | E130 | D0 70 JAN 1988 S§7 | ESG6 | E648 | E170
€5 MAR 1962 780 19560 1620 350 72 OCT 1988 336 3160 ND 240
3T JAN 1966 §42 D350 156 L] 65 JUL 1589 L] ND ND 1600
07 MAR 1967 336 75300 10 1310 75 SEF 1989 539 73500 L) 7360
24 MAY 1967 €05 B 650 580 536 T56CT 1989 €67 17500 ND )
IOMAY 1968 376 77500 4180 1750 09 AUG 1951 360 | E3420 D 350

10 70N 1568 5386 18000 2230 500 T3 AUG 1551 750 E 4950 WD ND
120V 1568 F45 T EBH 750 EZ10 310CT 1991 703 735 D170 ND ND
76 DEC 1969 704 | D1i60 | ES370 B3 | GEIAN 1992 EXd E1230 5] ND
03 APR 1970 780 T9800 1380 780 28 SEP 1992 5E5 DA D ND
05 FEB 1671 785 | E 13000 | 1380 380 TG DEC 1553 E70 161671 20000 ND 1570
TEAUG 1671 3557 468 100 0 3520 1213 MAR 1553 (AR D 1530 WD D

13 SEP 1971 382 34227 21400 | 2450 | 480 03 MAR 1994 734 D 840 ND ND

TOFEB 1572 736 | E3i70 1150 E 230 34 DEC 1994 EAL E 1350 WD ND

73 JUNI97Z 787 36900 1350 7380 U8 JAN 1998 503 ET1E0 Wb N
GTFEB 1973 308 28000 1540 2710 T5-21 JAN 1996 EAL) 33700 ND ND

1IFEB 1973 343 | D150 | E 360 B30 1930 0CT 19% [ 30700 D ND

3TDEC 1973 376 31500 3680 1720

COLUMN HEADING LEGEND: FLOW LEGEND:
o MEAN DAILY FLOW
SANDY HOOK, NJ E ESTIMATED FLOW
PERTH AMBOY, NJ/ RARITAN ARSENAL, NJ ND NO DATA

RARITAN RIVER BELOW CALCO DAM AT BOUND BROOK, NJ
SOUTH RIVER AT OLD BRIDGE, NJ
LAWRENCE BROOK AT FARRINGTON DAM

A
B
c
D
E

South River, Raritan River Basin
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114. Within each of the six correlations, or data sets, two best-fit lines were computed :

» River peak flow as the “y” value, the ordinate, the dependent variable, assumed to have all
the error, which cannot be observed and must therefore be predicted, with peak ocean
elevation as the “x” value, the abscissa, the independent variable, assumed to be completely

without error, which can always be observed.

e The inverse of the above : Peak ocean elevation as the “y” value, the ordinate, the dependent
variéble, assumed to have all the error, which cannot be observed and must therefore be
predicted, with river peak flow as the “x” value, the abscissa, the independent variable,

assumed to be completely without error, which can always be observed.

115.  The two lines cross at the average value of the common (base 10) logarithms of the river peak
flows and peak ocean elevations. The average of the two lines was determined by computing the
average of their slopes and then plotting a line of this average slope through the intersection of the
two best-fit lines. This was done because both the peak ocean elevation and river peak flow data
contain some uncertainty. Neither should be aésumed to be error-free. Also, for sorne historic storms,
peak ocean elevation is available but not river peak flow. The reverse is true for other historic
storms. Therefore, neither quantity can always be observed for the historic storms considered, and

neither should be considered as the dependent or independent variable.

116.  The results of the correlations are shown in Table 26. One of the correlations is shown on
Figure 20. The correlations show a weak inverse relationship between river and ocean flooding for
the lower Raritan River basin and the Atlantic Ocean at the mouth of the Raritan River. The
correlation is weak because the correlation coefficients are all less than 0.5000. The correlation
coefficient is a measure of the extent to which the variation of the value of the dependent variable is
explained by the relationship between the independent and dependent variable (the best-fit line). It is
also a measure of how well the dependent variable is predicted from the independent variable by the
best-fit line. The relationship is inverse because, for the best-fit lines and their average, ocean
elevation decreases as river peak flow increases, and vice versa. This inverse relationship is shown
by the negative values of the correlation coefficients. High ocean peak elevation with low river peak
flow is exernplified by the September 1960 (Hurricane Donna) storm, the March 1962 Nor’Easter,

and the December 1992 Nor’Easter. High river peak flow with low ocean peak elevation is

I
BHL_soae I
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exemplified by the September 1944, August 1971 (Tropical storm Doria) and November 1977
floods.

Table 26
Results of Fluvial - Tidal Correlations

yas X as
Number Variable Correlatio Mean Dependent Dependent
of “y” n Log Variable Variable
Data (fluvial) Coefficient x y Siope | y Intercept | Slope | y Intercept
Points “r” m “p” m “b”
Fluvial - tidal correlations with Sandy Hook, NJ peak stages (ft, NGVD) as tidal, {Variabie “x”’
South River

39 At -0.2350 0.7122 | 32028 | -0.6233 3.6467 -0.0886 0.9959
Old Bridge,
NJ

Raritan River
43 At -0.3801 0.7217 | 4.0218 -2.2696 5.6596 -0,0688 0.9994
Bound
Brook, NJ
Lawrence
40 Brook -0.2029 0.7026 | 3.0416 -0.5523 3.4296 -0.0748 0.9294
At
Farrington
Dam, NJ :

Fluvial - tidal correlations with Perth Amboy / Raritan Arsenal, NJ peak stages {ft, NGVD) as tidal. (Variable “x")

South River
24 At +0.4872 0.86 2.80 3.6739 -0.2419 0.0646 0.6612
Old Bridge,
NJ
Raritan River
29 At +0.3114 0.84 3.62 2.8825 1.1748 0.0336 0.7228
Bound
Brook, NJ
Lawrence
26 Brook +0.4928 0.84 2.55 3.8208 06771 0.0636 0.6796
At
Farrington
Dam, NJ

117. Inaseparate analysis, hourly water surface elevations were obtained from the gage at Sandy
Hook for the time period from Jan 1933 to Feb 2000. These data were reduced to obtain daily high
tide records for that time period. (It should be noted that since these are hourly readings and not peak
values, the actual peak values may have been slightly higher.) Daily rainfall data for the same time
period was also obtained from the New Brunswick precipitation gage. These data were combined,
and after cleaning the data for unpaired data points and other suspect data, approximately 24,000

data pairs were assembled. This data is plotted in Figure 21. Also included on the plot along the

i South River, Raritan River Basin
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upper right axis is the stage frequency information for Sandy Hook based upon preliminary

numerical model results, and the rainfall frequency information.

118.  Ascan be seen from the data, most of the higher tide events occurred with little rainfall, and
most high rainfall events occurred with normal tides. There are only a handful of events that had

both rainfall and tide levels greater that a two year event.

119.  This brief analysis supports the conclusions reached above - that there is, at best, a weak
correlation between rainfall and tidal surge. Although the numbers show little correlation, it is
understood that the storms that typically produce tidal surges, i.e. hurricanes and northeasters, also
can produce significant rainfall. And many of the high rainfall events are accompanied by some
degree of tidal surge. For the purpose of this study, it is assumed that the most likely condition to be
expected would be that fluvial events will be accompanied by a 2-year tide, and tidal events will be
accompanied with a 2 year rainfall. Uncertainty in the interior drainage analysis is represented by
varying the exterior water surface, with normal high tide being the minimum exterior water surface,

and a 10 year tide representing the maximum exterior water surface.

f== =3
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IV. HYDRAULIC ANALYSIS

Modeling Approach
General

120. Thetechnical approach for the study involved three phases of numerical modeling. The first
phase confirmed the assumptions that the South River, below Duhemal Lake Dam is tidaily
controlled. Steady state HEC-RAS models of the Raritan River, South River, Tennent Brook and
Deep Run were developed and run for historic and hypothetical co;'xditions. The essentially flat-water
surface profiles confirmed that the study area is, in fact, tidally controlled, and that more intensive,

dynamic modeling was warranted.

121.  The second phase estimated the storm surge frequencies in Raritan Bay as a boundary for
driving the third phase of modeling. The phase 2 storm surge modeling was performed with the
ADCIRC (Advanced CIRCulation) model. The ADCIRC model solves the depth-averaged
Generalized Wave Continuity Equation (GWCE) formulation of the governing equations and has
been extensively applied to projects requiring frequency analysis of storm surges along the south
shore of Long Island Sound and adjacent waters. That model grid was modified to include the

details of the study area.

122.  The third phase of the effort modeled the impact of the storm surge elevations in Raritan Bay
as the surge moves up the Raritan River and into the South River study area. The TABS-MD
modeling system was used for the phase 3 modeling. The RMA-2 model is part of that system and it
was used to simulate the wetting and drying effects on the storm surge as the storm wave moved
through the study area. The phase 3 effort essentially was performed as a means of transforming the

flood frequency curves from Raritan Bay into the study area.

123.  Selected storm events were simulated as a part of the phase 3 modeling for detailed spatial
variation in the peak flood elevations throughout the study area. An estimated full frequency curve

is then developed from the complete boundary frequency curve and the selected simulations.

w‘gn?: g{ I South River, Raritan River Basin
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124.  The return periods selected for analysis were the 2-year, 25-year, 100-year and 500-year
storm events. These events were used as a means of estimating the transformation of the full stage-
frequency curve from Raritan Bay into the study area and to estimate the effects of alternatives on

the stage-frequency curves.

HECRAS Modeling
-Introduction

-125. A steady state HEC-RAS model of the Raritan River, South River, Tennent Brook and Deep
Run was developed and run for historic and hypothetical conditions. The model was developed from
channel cross-section data surveyed in 1995. The surveyed channel sections were supplemented with
overbank data obtained from 1965 topographic mapping available at the time. The overbank data
was later confirmed with 1999 topo of Sayreville and 1982 topo of South River.

Model Description
126. The existing conditions HEC-RAS model of the study area included the Raritan River, South

River, Tennent Brook and Deep Run, divided into 7 reaches as shown in Figure 22. It included a
total of 149 channel cross-sections and 13 bridges, as described in Tables 27 & 28 below. Based
upon a composite of the channel bottom and banks, the channel n values were initially set at 0.033,
and overbank areas set at 0.060. Contraction and expansion coefficients for the open channel sections

were set at 0.1 and 0.3,

HECRASTNaIlggezlgnmmary
Reach Section | Length D/S Limit U/S Limit
Raritan River 1 | 21 ) 37588 Raritan Bay Confluence w/ South R.
Raritan River2 | 6 15245 Confluence w/ South River
South River 3 27 20506 Confluence w/ Raritan River | Confluence w/ Tennent Br.
South River 2 6 4670 Confluence w/ Tennent Br. | Confluence w/ Deep Run
South River 1 32 12313 Confluence w/ Deep Run Duhemal Lake Dam
Tennent Brook | 34 6478 Confluence w/ South River | Dam
Deep Run 23 5255 Confluence w/ South River | Waterworks Bridge
tﬁa{ .u—w:
Sy Sounth River, Raritan River Basin
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Table 28
HECRAS Model Bridge Data
. Model Invert High Low . .
Reach Bridge Station | Elevation | Chord | Chord | 14 | Piers
SouthR. 3 Veterans | g5455 | .16.8 10+ | 28% | 313 | 2
Memorial Br.
Raritan River 154
aman River | 11251 15.3 126 | 62 | 174 | 4
SouthR.1 | Bovdemtown | ooh0e | 95 150 | 74 | 120 | 1
Pike Br.
Conrail RR. | 28363 938 133 | 74 | 120 | 3
EmersonRd. | 32438 75 109 | 93 | 90 2
TenmentBk, | Bordentown | .00 0.6 124 | 75 | 60
Pike Br.
Conrail RR. | 4582 12 141 | 118 | 48 3
Abandoned | 5,50 0.6 119 | 79 | 28 2
Conrail Spur
Waterworks Br. | 6207 17 76 | 67 | 10 |2°3
Culv.
U/S Dam w/ 6475 53 122 | 107 | 8o 5
Gates
Bordentown
Deep Run orsentor 1576 6.9 85 | 42 | 41
Conrail RR. | 1637 45 104 | 45 | 28
Waterworks Br. 5237 1.9 8.7 6.0 30

*perched bridge, high chord is on left bank away from channel centerline

Model Calibration

127. It was intended to calibrate the HECRAS model to a recent storm event in the basin.
Floodmarks were obtained for the Northeaster storm of 11-12 December 1992. This storm has been
generally regarded as a 25-year event in this area. Five floodmarks were obtained for this event

during the reconnaissance study, as shown in Table 29 below.

A South River, Raritan River Basin
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Table 29
Floodmarks — December 1992 Northeaster
Location Station | Floodmark Elev. | HECRAS Elev.
Victory Bridge, Raritan River 9130 104 10.1
103 Weber Ave. Sayreville 5080 104 © 1103
Laffin Chevrolet, Main St. South R. | 8520 10.3 10.3
8 River Rd. East Brunswick 28200 104 10.3
D/S - Duhernal Lake Dam 37409 10.9° 10.9

128.  Therelatively constant floodmark elevations indicate that the flooding is tidal in nature along
the Raritan and South Rivers downstream of the Duhernal Lake Dam. Elevations are dependent upon
the tidal levels in Raritan Bay, and insensitive to discharges in the South River. The minor
adjustments to channel roughness, expansion and contraction coefficients, and effective flow areas,
typical of model calibration for a more traditional fluvial model, have minimal impact to the flow

line computations. Figure 23a is the HEC-RAS water surface profile for the December 1992 event.

Flowline Computations - Existing Conditions

129. The HEC-RAS models of the Raritan River, South River, Tennent Brook and Deep Run
were developed and run for a variety of hypothetical conditions. They included peak discharges run
with the 2 year tide as the starting water surface elevation, the 2 year discharge run with peak tide
stages, and as a worst case scenario, peak discharges run with peak tide stages. As can be seen from
the water surface profiles shown in Figures 23b through 23c, water surface levels in the South River
are essentially flat, confirming that the South River is tidally dominated. That being the case, it was
decided that a 2-dimensional hydrodynamic model would be more appropriate for the hydraulic

analysis of improvement alternatives.

Improvement Alternatives

130. Asaresultof the Reconnaissance Study, 2 alternative plans of improvement were identified.
The first alternative was a storm surge barrier and sector gate at the mouth of the South River. The
second alternative was the development of levees protecting the communities of Sayreville and

South River. Later in this study, a third alternative, linking the two levees together with a sector gate
=2 =D
LT

34
i South River, Raritan River Basin
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while eliminating a large length of upstream levees and floodwalls, was identified. This altemative is

discussed in more detail later in Section V, Selected Plan.

Improved Conditions Analysis

131. The final selected plan of improvement includes both levees and floodwalls north
(downstream) of the Veterans Memorial Bridge along the right bank (east side) protecting the town
of Sayreville, and along the left bank (west side) protecting the Town of South River. These levees
are connected by a storm surge barrier across the South River 300 ft downstream of the Veterans
Memorial Bridge. Within the storm surge barrier, two 40 ft sector gates providing an 80 ft clear
opening would permit the South River to discharge freely during normal (non storm) conditions. At
the onset (or the forecast) of a storm event, the sector gate is closed, and a 1200 cfs pump station
pumps the river discharge through the storm surge barrier. In addition to the sector gate and the
pump station, five 10° x 10’ gravity outlets with flap gates are induded to provide additional gravity
capacity. During the storm event, should the falling tide drop below the interior water elevation, the
gates will be opened to discharge the as much of the retained South River as possible. The routing of
the storm hydrographs through the sector gate was analyzed with a custom developed spreadsheet.
The spreadsheet utilized the simple reservoir routing theory: Storage = Inflow — Outflow, and
assumed the pool behind the gate is flat. Based upon the water surface profiles developed for existing
conditions, this assumption is considered reasonable. Rules for gate opening and closing, and pump
operations are programmed into the spreadsheet. Complete details of this operation can be found in

the Interior Drainage Appendix.

132. The gate was sized to minimize head loss through the gate, provide acceptable current
velocities at the gate to minimize scour potential and to satisfy navigation requirements. 50ft, 80 ft
and 100 ft gate openings were evaluated with the TABS-MD hydrodynamic model as described
below. The sill of the gate was set at an elevation of —14 NGVD, which is approximately 2 ft below
the navigation channel invert of —10 mlw. The existing thalweg of South River at the gate location is
—~17 NGVD. It was desired to keep velocities through the gate below 4 fps during the entire spring
tide cycle to minimize the potential for scour and to allow for safe navigation for vessel traffic at all

times during non storm conditions.

==
N JAE

‘,r’_uﬁi%gmi South River, Raritan River Basin
March 2002 65 Hydrology, Hydraulics & Design Appendix

48819

5-6-9



261

133.  The paragraphs that follow describe in detail the hydrodynamic modeling efforts conducted
to evaluate the improvement alternatives leading to the selection of the recommended plan of
improvement. Included in this effort was the development of base conditions, evaluation of the
levee/floodwall alternative, evaluation of the gate closed condition, and additional runs to size the

gate opening.

Storm Surge Modeling
Introduction

134.  The storm surge modeling, and the subsequent TABS-MD modeling, was conducted at the
ERDC Coastal and Hydraulics Lab at Waterways Experiment Station in Vicksburg, MS. The
primary purpose of the storm surge model was to define the spatial variability of surge in Raritan
Bay, at locations far enough removed from the study area as to not be influenced by study
alternatives. This phase of the study involves modeling of numerous historic events that have
impacted the study area. Additionally, the track and radius to maximum winds of several severe
tropical events were slightly altered to generate worst-case scenario surge data to define probable
extremes for the frequency analysis. 16 tropical and 15 extra-tropical events were simulated to define
the potential range of surge elevations possible for present conditions. This simulated data provided
input to the frequency analysis that ultimately defined peak elevation frequency-of-occurrence
relationships for selected locations within the domain. These frequency relationships were used to
identify specific frequency-indexed storm surge hydrograph input for the high-resolution (TABS-
MD) modeling phase of the project.

Storm Surge Model Mesh Development

135.  An existing storm surge model mesh, previously developed for analysis of the South Shore of
Long Island was modified to include the study area. The previous mesh, which only included the
Raritan River with crude resolution, was modified to provide the level of resolution needed to define

all elements of the alternative plans.

Storm Surge Model Application

136. The primary purpose of the storm surge model was to develop a database of historical

tropical and extratropical event hydrographs that have impacted the domain. First, historic events
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were identified, then the track or radius to maximum wind of the two most severe tropical events was
modified to generate worst-case scenario storm impacts. Each of the identified events was simulated
over the computational domain and the results archived for input to the EST. An extremely low
frequency storm was simulated with a completely closed storm surge barrier as proposed in the
reconnaissance study to estimate the greatest potential downstream impact from the project. This

simulation was used for final boundary condition location in the TABS-MD model.

Uncertainty Analysis

137. The EST is a statistical procedure for simulating time sequencing and frequency-of-
occurrence relationships for non-deterministic multi-parameter systems. The approach utilized a
random number seed to select an initial storm event from a database of historic and historically based
storms. This database was constructed to contain events that either have occurred in the pastat a
specific location or could have occurred, such as an historic event with a modified track. The
procedure then used this seed storm to define 2 new event characterized by parameters computed via
a nearest neighbor, random walk, and subsequent smoothing technique. In this approach, a new
storm event was defined which is similar, but not identical, to past events and contains parameter

joint probabilities that are inherent in the historical data.

138.  Output of the EST is multiple life-cycle scenarios of storm activity and the associated impact.
In this application, 100 repetitions of a 200-year sequence of storm activity were generated. The
maximum surface elevation magnitudes for each 200 year simulation were rank ordered such that
surge versus frequency-of-occurrence relationships were computed. Because 100 relationships are
predicted, mean value frequency relationships were made with error band estimates computed for
both tropical and extra-tropical events. These relationships were subsequently used to select specific

frequency-indexed events from the historical event database for input to the TABS-MD model.

139, Descriptive parameters for both tropical and extra-tropical events were identified and
appropriate EST input files created. Input and response parameters were used to simulate 100

repetitions of a 200-year sequence of tropical and extra-tropical events.

140. The life cycle simulations of the EST were post-processed to develop frequency-of-
occurrence relationships. These relationships were then used to define a 2-year, 10-year, 25-year,

50-year and 100-year storm for input to the TABS-MD model.

w10
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141.  Theactual development of the probability curve comes from repeating a sampling of a "T-year"
period to develop the storm levels for the T-year return. By repeating the sampling some N times a

variance can be developed about the expected retumn surge level.

142.  The standard deviation is computed as a recursive statistic that takes all of the observed (or
sampled) storms below the current storm surge return interval level to define a standard deviation that

will increase with flood level. For a ranked set of sampled storms the standard deviation is defined as

o= 0% b 5T

Bl

where the variable N represents the N repetitions of the sampling process of the storm

population.

143.  This standard deviation, as a measure of uncertainty, was provided as input to the risk and

uncertainty analysis, as well as to the determination of the final levee height.

TABS-MD Model Development
Model Mesh Construction '

144, The numerical model mesh was constructéd from several data sources. The Raritan Bay
bathymetry was taken from NOAA charts (12332 and 12327). The bathymetry within the Raritan
River, South River and Washington Canal were taken from cross-section data surveyed in 1995. A
detailed topographic survey conducted in 1965 was also utilized for much of the flood plain
elevations. Much of the numerical model mesh away from the study area was taken from previous
numerical model studies within the harbor conducted by CE-ERDC. The data for the bathymetry in
the numerical model mesh was adjusted to NAVDS8. Model results, output, plots, etc are therefore
in NAVD 88. These results were eventually converted back to NGVD?29 to be consistent with the
topographic survey, interior drainage and economic analysis. The plane of NAVD 88 is

approximately 1.1 ft above the plane of NGVD 29

145.  For the purpose of simplifying the specification of the complex tidal boundary conditions in
the main portion of New York harbor the primary 2D model domain for the project study area was

connected to a 1-dimensional model mesh for the rest of New York Harbor as shown in Figure 24.
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The 1D resolution included the Hudson River to Albany, Long Island Sound, Arthur Kill, Kill van
Kuli, Newark Bay, Passaic River, Hackensack River, Harlem River, East River and the Upper Bay as
shown in Figure 25.

146. The primary domain of the model (see Figure 26) for this study was primarily the Upper
portion of Raritan Bay, Raritan River, South River upstream to Duhernal Dam, Washington Canal,
Tennent Brook, and Deep Run. The model mesh also included the flood plains for the Raritan and
South Rivers up to the +20 ft contour (Figure 27). These sections were developed using 2D

horizontal spatial resolution.

147.  The Veterans Memorial Bridge on the South River was included with very high resolution in
the TABS-MD mesh because of its location relative to the proposed tide gate (Figure 28). The

bridge piers were explicitly resolved in the mesh.

148.  The general bathymetry of the 2-D portion of the model mesh is presented in Figure 29. The
extent of the flood plains of the Raritan River and the South River are clearly seen to représem the

majority of the surface area of the mode] mesh.

TABS-MD Model Verification

149. The RMA-2 model was calibrated to basic tidal propagation and to general tidal current
observations using data published in the NOAA Tide Tables. It was then verified to the December
1992 storm event (USAE District, New York, 1995). The tidal boundary conditions for the
simulation are presented in Figure 30. The nominal Sandy Hook forcing is actually inthe middle of
Raritan Bay and includes some additional surge elevation over the observed tide at Sandy Hook.

That additional surge was determined from the storm surge model.

150.  The river discharges for the verification period of 10-12 December 1992 are shown in Figure
31. The Raritan River peaked at approximately 22,000 cfs around 6 AM on 12 December, while the
South River peaked at about 6 PM on the 12®, The flows on Deep Run peaked at about 760 cfs
around 6AM on 12 December, and Tennent Brook peaked at 4 AM at 750 cfs.

151.  The profile of peak surge elevations up the Raritan and South Rivers is presented in Figure

32 for the model verification. The flood marks were taken from the study reconnaissance report.

P South River, Raritan River Basin
March 2002 69 Hydrology, Hydraulics & Design Appendix

48819

5-6-9



265

The model profile is approximately a half foot below the flood marks on average. The model
predictions do not include any high frequency wave influence that could be present in the recorded
flood marks. Any wind-generated wave presence could cause an additional finite wave run-up that
could account for slight increases in the flood marks. The difference between the flood marks and
the model show a general downward trend, with the exception of the farthest upstream flood mark.
Such a downward trend would be consistent with a reduction in wave run-up effect as the distance
upriver increases. Turbulence downstream of the dam could account for the higher uppermost flood
mark. Such a trend is qualitatively consistent with a reduction in wave heights anticipated with

greater sheltering upriver.

152. The model parameters adjusted to achieve calibration included bottom roughness, marsh
porosity coefficients, refinements in mesh resolutions as needed and the method of computation and
the coefficients for eddy viscosity. For model stability the number of iterations per time step was
required to be set very high (12) to insure reasonable convergence. The convergence was most
critical at the structures, which tended to exhibit numerical ringing of the Newton-Raphson scheme.

The Smagorinsky turbulence calculation for eddy viscosity helped reduce the ringing in some cases.

TABS-MD Model Testing

153. The testing program conducted by the model included a levee plan and two storm surge
gate/levee plans, as described in Table 30. Plan A was a levee across the mouth of the South River
and Washington Canal, roughly parallel with the Raritan River. That plan also included a tide gate
on the Washington canal and a flushing enbancement channel between Old South River and the
Washington canal just inside the tide gate. Plan A was dropped from further consideration early in
the study due potential environmental impacts to wetlands. The testing program is presented in
Table 32.

Table 30
. Plan Description
Description Modeling Design
Nomenclature | Nomenclature

Existing conditions, no improvements Base -

Levee at mouth of South River, with storm surge Plan A Preliminary

gate and flushing channel alternative
aE, .‘liM;‘ 5 .
o] &n&mw South River, Raritan River Basin
March 2002 70 Hydrology, Hydraulics & Design Appendix

48819

5-6-9



266

Levees (reaches 3 and 4) and storm surge barrierat | Plan 1 Plan 1
bridge

Levees in all reaches (reaches 1-5) Plan 2 Plan 2
Levees in reaches 3 and 4 Plan 3 Plan 3

154. The general Plan 3 levees are aligned more parallel to the South River and included no
protection for the wetlands of the northern portion of the system. Inaddition, the Veterans Memorial
Bridge abutments are utilized as part of the levee system as well. The initial testing of the Plan 3
levee system was made without a tide gate so that the surge moved upstream of Sayreville, with
flanking levees. A tide gate was later included (previously identified as Plan 1) just downstream of
the Sayreville Bridge. The closed tide gate was only tested for the worst-case scenario, the 500-year
storm. The tide gate was tested in the model in the open condition for three sizes under more normal
tidal conditions. A “highest astronomical tide” (HAT) was used for boundary conditions, which was

taken to be the peak spring tidal range in late June.

Boundary Condition Development

155, Asdiscussed, the study was designed to utilize detailed flood frequency curves developed for
the New York Harbor in the Raritan Bay area. Selected flood events would then be simulated for
detailed spatial variation in the peak flood elevations. An estimated full frequency curve is then

developed from the complete boundary frequency curve and the selected simulations.

156.  The harbor boundary condition flood frequency curves were developed for both tropical and
extra-tropical storms using the ADCIRC model of the eastern seaboard. The study involved the
simulation of a number of representative storms (16 tropical and 15 extra-tropical storms). The
return frequency curves are presented in Figure 33 for the tropical, extra-tropical and the combined
frequencies at the boundary condition for the South River TABS model. Combined return

frequencies were computed as

_ 1

Te = 77
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where T, = combined return period
T, = return period for tropical storms

T, = return period for extratropical storms

157.  The finite element TABS modeling consisted of simulating three storms: a nominal 25-year
storm, a 100-year storm and a 500-year storm. The 25-year storm was developed with the
characteristics of the December 1992 northeaster, since the December event was generally regarded
as a 25-year event in this region. The December 1992 storm in the study area was used as the
verification storm and the actual observed tidal conditions were used as tidal forcing for both base
and plan testing (Figure 30). The tidal boundary conditions for the 100-year (Figure 34) and 500-
year (Figure 35) storms were generated by combining a normal predicted tide with a subtidal storm

surge signal which when added to the tidal signal matched the associated stage for that retum period.

158.  The assumption was made that the storm surge stage élevations are not strongly correlated
with the rainfal] and subsequent river discharges. Therefore, the 25-year observed river discharges
that occurred for the December 1992 storm were used for both the 100-year and 500-year tidal surge
events. This was believed to be a reasonable approximation, perhaps a bit conservative. The river
discharges for South River, Raritan River, Deep Run and Tennent Brook are presented in Figure 32.
The discharges for the Hudson, Passaic and Hackensack rivers were specified as a constant mean

discharge. These flows are summarized in Table 31.

_ Table 31
River Boundary Condition Discharges (cfs)

River Boundary Average Discharge Peak Discharge

Hudson River 12,000 -

Passaic River 1,000 -

Hackensack River 500 -

Raritan River ) 5263 21,917

South River 568 2,545

Deep Run 154 762

Tennent Brook 128 748
e . o
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Baseline Simulations

159. The model was run for the three flood events for the existing conditions to define a base

condition for comparison of the alternative simulations.

Testing Program

160.  The testing program performed for the study is shown in Table 32 below. The results for
Plan A are not presented within this report, but the results were provided to CENAN. The tide gate
was added to Plan 3 late in the testing program and only the 500-year storm was tested for the gate,
which had the gate closed for the flood event. It was felt that the 500-year storm was the critical

storm for defining the levee heights.

Table 32
TABS-MD Testing Program
Storm Event
Alternative 25-Year 100-Year 500-Year
Base X X X
Plan A X X X
Plan 3 X X X

Plan 1 (with 50-ft Tide Gate) X (gate closed)

Plan 1 (with 80-ft Tide Gate)
Plan 1 (with 100-ft Tide Gate)

NNNNNNE
-]

Results

161.  The base test results were analyzed and stage-frequency curves developed at 23 locations
throughout the system. These locations are shown in Figures 36a-36¢. There were 3 locations in the
Raritan River (stations R1-R3), 4 locations in Washington Canal (W1-W4) and 12 stations along the
South River, S1 and S2 in the Old South River and another 10 on the lower South River. Forthe tide
gate stations 4a and 4B were located just north and south of the structure, respectively. Stations S5-
S11 were all upstream of the tide gate. Station TB was located in Tennent Brook upstream of the

constriction and station DR was on Deep Run upstream of its constriction at the highway.
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162.  The results of the frequency analysis for the base runs and the Plan 3 runs are presented in
Figures 37a-37w for each of the stations described above. Figure 37a presents only the results for
the base test because that station is essentially boundary condition controlled. Figures 37b-37w each
have Plan 3 presented as well. Each of the figures includes the +/- one standard deviation for the

frequency analysis.

163.  The effects of the Plan 3 altemnative were very subtle and are almost indiscernible in the full
frequency curves. Figures 38a-38d present the flood peak profiles for 50-, 100-, 200- and 500-year
storms. Stages for frequencies other than 25-, 100- and 500-year were interpolated from model
results. The differences between the base and plan water surface elevations for both the 50-and 100-
year flood frequencies are essentially the same. In each case, the levees produce water levels that are
about 0.4-0.6 ft higher than base conditions between the levees. For the 200-year storm the levees
do not show much increase over the baseline in South River, particularly above Sayreville (Station
4b). For the 500-year flood the peak levels for the levees drops relative to the base over most of the
system, but most dramatically above Sayreville. This is largely because the only way for water to
reach the upstream portion of the system is to flow past the constriction at the Veterans Memorial
Bridge. For the base the bridge is flanked at the 500-year flood stages and water can bypass the
bridge.

164. The schematization of the 80 ft gate in an open position is presented in Figure 39. The
resolutions were comparable for the 50- and 100-ft gates as well. The results of the 500-year storm
with the tide gate closed are presented in Figure 40 for all stations downstream of the tide gate. The
portion of the model upstream of the tide gate was not included in the 500-year simulation. Also
plotted in the figure is the profile for the Plan 3 levees without the tide gate. The results show that
the tide gate will result in a general increase in peak flood levels of approximately 0.2 ft in the lower
(northem) portion of the system, including the Raritan River. That increase is due primarily to the
levees' blocking effect on the surge resulting in increased local amplification of the surge height,

extending into the Raritan River as a backwater effect.

165.  The tide gate simulations were then performed to assist in sizing the tide gate. The primary

concern was the strength of the currents through the tide gate under relatively riormal tidal flows.
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The tidal conditions tested were the mid-June spring tide, which is the highest astronomical tide

(HAT) for any given year.

166. The maximum currents observed in the model within the primary channel at the location of
the Sayreville control structure are presented in Table 33 below. The peak currents have been
slightly higher at the comers of the structure, but the values presented in the table are for within the

throat of the structure. For the base ebb, the peak current was actually some distance north of the

bridge span.
Table 33
Peak Tidal Currents in Storm Surge Gate

Maximum Flood Maximum Ebb

Time after Current Time after | Current
Alternative Base High | Magnitude | Base High | Magnitude

Water (hr) | (fps) Water (hr) | (fps)
Base 10.5 1.5 35 12
50 ft Gate 10.5 5.9 * *
80 ft Gate 10.5 4.0 2.0 25
100 ft Gate 10.5 3.2 2.0 2.0

* No ebb current was obtained for the 50-ft gate due to model instability

167. The peak currents at each of the stations described earlier are presented in Table 34. The
results are also plotted in Figure 41. The primary differences are in the vicinity of the tide gate. The
largest changes are just downstream of the tide gate on peak ebb and just upstream of the tide gate on
peak flood currents. This is the result of the jetting effect of the currents as they leave the gate on
each phase of the tide. Note here that station $4 is in the middle of the tide gate ard station TG-D is
just north of the gate and TG-U is south (upstream) of the gate (within 100 ft of the proposed

structure).
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168.  The highand low water profiles for the HAT simulations are presented in Figure 42a-42b for
the 100-ft and 80-ft gate, respectively. The gate alternatives are compared to the baseline simulation
water levels. The resulting tide range profiles are presented in Figure 43. There is essentially no

change in the water levels and tide ranges. These results are also summarized in Tables 35 and 36.

169.  The peak stages for the three model runs at the stations analyzed are presented in Table 37 for
the 25-year, 100-year and 500-year storms, respectively. Each table includes the difference between
the alternative peak stage and the base test peak stage. For the 25-year storm, the largest difference
was an increase at station R2 of 0.03 ft, while over most of South River the differences are all less
than 0.02 ft in magnitude. For the 100-year storm, the stages were slightly raised between 0.04 and
0.07 feet with the levee over the base condition. For the 500-year storm, the increase in stages in the
northern part of the system is low (generally less than 0.03 ft) while south of the Veterans Memorial
Bridge the peak stages were increased by about 0.1 ft (0.07- 0.10 ft).

Tt
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Table 34
Effects of Tide Gate on Peak Tidal Current Velocities
Peak Flood Current Peak Ebb Current
Station Base 100-ft 80-ft 50-ft Gate | Base 100-ft 80-ft
Gate Gate Gate Gate

R1 1.82 1.61 1.61 1.62 2.05 2.02 2.02

R2 227 2.10 2.10 2.08 1.66 1.68 1.68

R3 0.78 0.71 0.71 0.68 0.83 .83 0.83

w1 3.20 2.94 2.93 291 1.94 194 1.95

W2 2.60 2.86 2.84 2.79 2.16 237 238

W3 2.49 2.32 2.30 226 191 1.85 1.85

w4 1.76 1.66 1.64 1.59 1.07 1.04 1.04

S1 0.89 0.82 0.82 0.79 0.62 0.59 . 0.59

S2 0.38 037 0.37 0.35 0.35 0.29 0.29

S3 130 1.20 1.18 115 0.64 0.65 0.67

TG-D 1.07 1.20 1.11 1.01 0.79 1.81 2.12

sS4 1.44 3.13 3.81 5.29 1.09 2.04 2.55

TG-U 1.46 2.60 3.16 3.56 0.90 1.00 1.01

S5 1.35 1.32 1.31 1.25 0.78 0.78 0.78

Sé 0.93 0.91 0.91 0.86 0.70 0.69 0.68

S7 0.49 0.48 0.47 0.45 0.32 032 032

S8 1.06 1.02 1.00 0.95 0.68 0.69 0.69

S9 0.60 0.61 0.60 0.57 0.37 0.37 0.37

S10 0.21 0.21 0.20 0.19 0.35 0.35 0.36

S11 0.25 0.25 0.25 0.24 0.09 0.09 0.09

B 0.18 0.17 0.17 0.15 0.14 0.14 0.14

DR 0.59 0.58 0.58 0.55 0.45 0.45 0.45

o
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Table 35
Comparison of 80 ft Gate with Base
Sta. High Water Low Water Mean WSE Tide Range
(ft NAVDSS) (ft NAVDSS) (ft NAVDSS) hd
D Base | Gate | Diff | Base | Gate | Diff | Base | Gate | Diff | Base | Gate | Diff
R1 3.79 | 392 | 0.13 | -3.37 | -336 | 0.01 | 024 | 0.24 | 000 | 7.15 | 7.28 | 0.13
R2 392 | 3.94 | 0.02 | -3.07 | -3.07 | 0.00 | 0.39 | 0.39 | 0.00 | 7.00 | 7.601 | 0.01
R3 407 | 4.05 | -0.02 | -2.96 | -2.96 | 0.00 | 0.51 | 0.50 | -0.01 | 7.03 | 7.01 | -0.02
w1 397 | 395 | -002 | -2.97 | -2.98 | -0.01 | 0.43 | 0.42 | -0.01 | 694 | 6.93 | -0.01
W2 | 398 | 401 | 0.03 | -290 | -2.91 | -0.01 | 0.46 0.44 | -0.02 | 688 | 692 | 0.04
W3 | 4.00 | 4.00 | 0.00 | -2.84 | -2.84 | 0.00 | 047 | 0.47 | 0.00 | 685 | 6.84 | -0.01
W4 | 4.02 | 405 | 0.03 | -2.83  -2.83 | 000 | 0.50 | 0.49 | -0.01 | 685 | 688 | 0.03
S1 404 | 4.05 | 0.01 | -2.82 | -2.83 | -0.01 | 0.50 | 0.49 | -0.01 | 6.86 | 6.88 | 0.02
82 403 | 4.01 | -0.02 | -2.80 | -2.81 | -0.01 | 0.49 | 049 000 | 684 | 6.82 | -0.02
S3 403 | 401 | -0.02 | -2.83 | -2.82 | 001 | 0.50 | 0.50 | 0.00 | 6.86 | 6.83 | -0.03
TG-D | 4.04 | 402 | -0.02 | -2.83 | -2.83 | 0.00 | 0.51 | 0.49 | -0.02 | 6.88 | 6.85 | -0.03
S4 404 | 409 | 0.05 | -2.83 | -2.83 | 0.00 | 0.50 | 0.45 | -0.05 | 6.88 | 692 | 0.04
TG-U | 4.04 | 4.04 | -0.03 | -2.83 | -2.82 | 0.01 | 0.50 | 0.49 | -0.01 | 6.88 | 683 | -0.05
S5 407 | 410 | 0.03 | -2.83 | -2.81 | 002 | 0.50 | 0.50 | 0.00 | 690 | 691 | 0.01
S6 4.10 { 411 ] 0.01  -2.80 | -2.78 | 0.02 | 0.50 | 0.51 | 0.01 | 691 | 6.89 | -0.02
S7 4.12 | 4.11 | -0.01 | -2.80  -2.78 | 0.02 | 0.51 | 0.52 | 0.01 | 692 | 6.89 | -0.03
s9 4.13 | 412 | -0.01 | -1.78 | -1.77 | 0.01 | 0.74 | 0.75 | 0.01 | 591 | 6.89 | -0.02
S9 4.14 | 4.11 | -0.03 | -1.78 | -1.77 | 6.01 | 0.74 | 0.75 | 0.01 | 5.92 | 588 | -0.04
810 | 4.16 | 4.14 | 0.02 | -1.77 | -1.76 | 6.01 | 0.75 | 0.76 | 0.01 | 5.93 | 5.90 | -0.03
Si1 | 4.18 | 414 | -0.04 | -1.74 | -1.72 | 0.02 | 0.77 | 0.79 | 0.02 | 591 | 586 | -0.05
B 411 | 409 | -0.02 | 241 | -239 | 0.02 | 0.60 | 0.61 | 0.01 | 652 | 648 | -0.04
DR | 412 | 409 | -0.03 | -241 [ -239 | 0.02 | 0.60 | 0.61 | 0.01 | 653 | 6.48 | -0.05
Auitgxing South River, Raritan River Basin
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Table 36
Comparison of 100 ft Gate with Base
Sta. High Water Low Water Mean WSE Tide Ranse
ft NAVDSS) (ft NAVDSS) ft NAVDSS) i
[ | Base | Gate | Diff | Base | Gate | Diff | Base | Gate | Diff | Base | Gate | Diff
R1 379 | 3.78 | -.01 | -337 | -336 | 001 | 024 | 0.24 | 0.00 | 7.15 | 7.15 | 0.00
R2 3.92 | 3.92 | 0.00 |-3.07 | -3.07 | 000 | 039 | 0.39 | 0.00 | 7.00 | 6.99 | -0.01
R3 407 | 4.06 | -0.01 | -2.96 | -2.96 | 0.00 | 0.51 | 0.50 | -0.01 | 7.03 | 7.02 | -0.01
W1 | 3.97 | 395 | -0.02 | -2.97 | -2.98 | -0.01 | 043 | 042 | -0.01 | 6.94 | 693 | -0.01
W2 | 398 | 397 | -0.01 | -2.90 | -2.92 | -0.02 | 0.46 | 0.44 | -0.02 | 6.88 | 6.88 | 0.02
W3 | 4.00 | 399 | -0.01 | -2.84 | -284 | 0.00 047 | 047 | 0.00 | 6.85 | 683 | -0.01
W4 | 4.02 | 4.01 | -0.01  -2.83 | -2.83 | 0.00 | 050 | 0.49 | -0.01 | 685 | 6.84 | 0.01
S1 4.04 | 4.03 | -0.01 | -2.82 | -2.84 | -0.02 | 0.50 | 0.49 | -0.01 | 6.86 | 6.86 | 0.00
S2 4.03 | 402 | -0.01 -2.80  -2.82 | -0.02 | 0.49 6.48 -0.01 | 6.84 | 682 | -0.02
S3 4.03 | 402 | -0.01 | -2.83 | -2.83 | 0.00 | 0.50 | 0.49 | -0.01 | 6.86 | 6.85 | -0.01
TG-D | 4.04 | 4.03 | -0.01 | -2.83 | -2.84 | -0.01 | 0.51 | 049 | -0.02 | 6.88 | 6.87 | -0.01
S4 4.04 | 4.02 | -0.02 | -2.83 | -2.84 | -0.01 | 0.50 | 0.46 | -0.04 | 6.88 | 6.86 | 0.02
TG-U | 404 | 4.03 | -0.01 | -2.83 | -2.83 | 000 | 0.50 | 0.49 | -0.01 | 6.88 | 6.86 | -0.02
85 4.07 | 4.06 | -0.01 | -2.83 | -2.83 | 0.00 | 0.50 | 0.50 | 0.00 | 690 | 6.89 | -0.01
S6 4.10 | 4.10 | 0.00 | -2.80 | -2.80 | 0.00 | 0.50 | 0.50 | 0.00 | 691 | 6.90 | -0.01
§7 412 | 412 | 0.00 | -2.80 | -2.79 | 0.060 | 0.51 | 0.51 | 0.00 | 692 | 691 | -0.01
S9 413 | 413 | 000 | -1.78 | -1.78 | 0.00 | 0.74 | 0.74 | 0.00 | 591 | 6.90 | -0.01
S9 414 | 413 | -0.01 | -1.78 | -1.78 | 0.00 | 0.74 | 0.74 | 0.00 | 5.92 | 590 | -0.02
S10 | 4.16 | 4.14 | -0.02 | -1.77 | -1.77 | 000 | 0.75 | 0.75 | 0.00 | 593 | 591 | -0.02
S11 | 4.18 | 4.16 | -0.02 | -1.74 | -1.73 | 0.01 | 0.77 | 0.78 | 0.01 | 591 | 5.89 | -0.02
TB 411 | 411 | 0.00 | -2.41 | -2.40 | 0.01 A 0.60 | 0.60 | 0.00 | 6.52 | 6.51 | -0.01
DR | 412 | 4.10 | -0.02 | -2.41 | -240 | 0.01 | 0.60 | 0.60 | 0.00 | 6.53 | 6.50 | -0.03
s
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Table 37
Peak Storm Stages
Sta. 25-Year 100-Year 500-year 500-year
(ft NAVDSS) (ft NAVDSS8) it NAVDSS) ft NAVDSS)
1p | Base | Levee | Diff | Base Levee | Diff | Base | Levee | Diff | Base | Gate | Diff
R1 | 104 | 104 | 0.00 | 13.15 | 13.15 | 0.00 | 1634 | 16.35 | 0.01 | 16.34 | 16.36 | 0.02
R2 {1075 10.78 | 0.03 | 13.53 | 13.39 | 0.06 | 16.75 | 16.79 | 0.04 | 16.75 | 16.92 | 0.17
R3 {1099 | 11.01 | 0.02  13.67 | 13.72 | 0.05 | 16.86 | 16.88 | 0.02 | 16.86 | 17.01 | 0.15
W1 | 10.81 | 10.83 | 0.02 | 13.58 | 13.62 | 0.04 | 16.80 | 16.82 | 0.02 | 16.80 | 16.95 | 0.15
W2 | 10.79 | 10.81 | 0.02 | 13.58 | 13.62 | 0.04 | 16.81 | 16.82 | 0.01 | 16.81 | 16.96 | 0.15
W3 | 10.81 | 10.84 | 0.03 | 13.60 | 13.65 | 0.05 | 16.86 | 16.84 | -0.02 | 16.86 | 16.99 | 0.13
W4 | 10.81 ] 10.84 | 0.03 | 13.60 | 13.65 | 0.05 | 16.86 | 16.84 | -0.02 | 16.86 | 16.97 | 0.11
S1 | 10.81 | 10.83 | 0.02 | 13.60 | 13.64 | 0.04 | 16.84 | 16.84 | 0.00 | 16.84 | 16.97 | 0.13
S2 | 10.82 | 10.84 | 0.02 | 13.61 | 13.65 | 0.04 | 16.87 | 16.85 | -0.02 | 16.87 | 16.97 | 0.10
S$3 | 10.83 | 10.85 | 0.02 | 13.62 | 13.66 | 0.04 | 16.88 | 16.85 | -0.03 | 16.88 | 16.97 | 0.09
S4A |10.83 | 10.85 | 0.02 | 13.62 | 13.65 | 0.03 | 16.87 | 16.81 | -0.06 | 16.87 | 16.98 | 0.11
S4B | 10.81 | 10.83 | 0.02 | 13.60 | 13.62 | 0.02 | 16.88  16.75 | -0.13
S5 | 10.86 | 10.88 | 0.02 | 13.67 | 13.72 | 0.05 | 16.95 | 16.88 | -0.07
S6 | 10.97 | 11.00 | 0.03 | 13.82 } 13.87 | 0.05 | 17.11 | 17.03 | -0.08
$7 | 11.06 | 11.08 | 0.02 | 13.89 | 13.92 | 0.03 | 17.17 | 17.08 | -0.09
S$9 1113 ) 1115 | 0.02 | 13.94 | 13.97 | 0.03 | 17.22 | 17.12 | -0.10
S9 | 1114 | 1116 | 0.02 | 13.94  13.98 | 0.04 | 17.22 | 17.12 | -0.10
810 | 11.16 | 11.19 | 6.63 | 13.95 | 14.00 | 0.05 | 17.23 | 17.13 | -0.10
S11 |"11.2 | 11.23 | 0.03 | 13.98 | 14.03 | 0.05 | 17.24 | 17.14 | -0.10
TB1 | 10.99 | 11.02 | 0.03 | 13.84 | 13.89 | 0.05 | 17.14 | 17.06 | -0.08 |
DR1 | 11.06 | 11.08 | 0.02 | 13.89 | 13.92 | 0.03 | 17.17 | 17.08 | -0.09
i South River, Raritan River Basin
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V. SELECTED PLAN
Plan Optimization

170.  Once the Plan (Plan 1) was selected, an optimization of the height of protection was
performed. In order to effectively compare the potential benefits associated with each level of
damage, an associated height of protection needed to be determined. Table 38 indicates the four
levels of protection that were analyzed for optimization. The levels of protection were established

based upon computed water levels as well as consideration to long term sea level rise and

uncertainty.
Table 38
Levels of Protection
Return Period Levee Height (ft-NGVD)
50 16.0
100 185
200 20.8
500 215

171.  The design was modified accordingly for the four heights of protection and a cost estimate
was prepared for each (see Figures 44a —d). As with the alternative screening phase described in
section I1I, the cost estimate was prepared for each level using industry standard cost estimating
methods and sources. (Note: All interior drainage, environmental and real estate quantities and
costs were used here for comparison purposes only and may not correlate with information seen
elsewhere in this report. See the respective appendices for actual values related to this study.) These
annualized costs were then compared with the projected benefits for each of the storm events (refer
to the main report for more information on this analysis). This analysis determined that the levee
height of 21.5 had the highest net excess benefits and was therefore the optimum level of protection
(see Figure 44).  Although this plan represents the largest plan evaluated, the local sponsor has
indicated that there is no local interest in any plan with a level of protection greater than a 500-year.
Further refinements were made to the alignment and some of the structural components in order to

improve the overall design as well as accommodate interior drainage and environmental concems
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raised while coordinating with those disciplines. The following sections describe the resulting plan.
See the environmental, interior drainage, real estate and cost appendices for additional information

regarding the selected plan.

Design Detail and Alignment Description
Levee Design Considerations

172.  Due to differing soil conditions along the alignment, various methods of levee construction
were reviewed to determine the most suitable cross-sections to be used. Two sections were chosen
based on two general recurring soil conditions (see Figure 45). Both sections include a 10° crest

width, 1 on 2.3 side slopes, crest elevation of +21.5 NGVD and 5 inches of topsoil and seeding.

173.  The first condition is a sandy soil foundation, which provides adequate structural stability to
support the levee, but has an excessively high permeability rate at several locations based on initial
subsurface testing. Therefore, the levee which will be placed in these areas will include an
impervious core with an approximate 6 foot deep inspection trench. Wherever necessary, a cutoff
wall of continuous vinyl sheet piling will be driven beneath the levee to depths greater than the 6 feet
reached by the impervious core to insure additional cutoff from under-seepage. This sheet pile cutoff
wall will an additional 8 to 10 feet below the existing surface. These estimated lengths will be
refined based on additional borings to be taken during the subsequent detailed design phase. This
. levee section applies to Stations 0+00 to 5+27, 9+53 to 63+15 and 66+40 to 68-+32 of the Sayreville
Alignment and to Stations 0+00 to 7+00 of the South River Alignment.

174.  The second soil condition is one in which the soils include large quantities of organic
material. These soils provide poor stability and are subject to long-term settlement, but have very
low rates of permeability. In the areas where these soils occur, they lie in a layer that has a
maximum thickness of 12 feet and are located approximately 5 feet below the surface. The levee
cross-section proposed for this soil condition includes a continuous vinyl sheet pile core which will
extend from the top of the levee to approximately 5 feet below the bottom of the organic soil layer.
The sheet piling will provide seepage cutoff for the levee above grade as well as maintain the
required height of protection in the event that long-term settlement of the levee occurs. A soil
stabilizing fabric placed under the levee footprint will also be applied at the surface prior to

construction of the levee to attempt to minimize the potential settlement of the levee fill (see Figure
==+
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45). This levee section applies to stations 7+00 to 10+31, 19+23 to 43+94 and 47+31 to 58+60 of
the South River Alignment.

Floodwall Design Considerations

175. Due to severe space restrictions between developed properties and the bank of the river in
some areas, it is necessary to use a floodwall in place of levee. This floodwall had to meet several
design constraints including: providing construction in a limited area for foundation; ease of
construction due to access limitations; heights up to 15.5 feet above grade (to top elevation of +21.5
NGVD) with full hydrostatic pressure applied; cost effectiveness; watertight closure; meet aesthetic

expectations; as well as have low maintenance requirements (see Figure 46).

176. Several standard floodwall types were considered including concrete T-walls, and I-walls as
well as a combined concrete with steel sheet wall, but each of these failed to meet all of the

requirements. Therefore, a unique, high strength floodwall design had to be developed.

177. The proposed floodwall will be of watertight jointed viny!l sheet piling that is partially
supported by a strut beam anchored to a bearing footing to withstand the hydrostatic forces acting on
the wall. Two lines of continuous wale will be fixed to the back side of the wall at elevations +16.0
and +6.0 NGVD. Angled struts will be placed behind the wall at an approximate 6 foot spacing. At
each strut location, a 10.5 foot long W12x22 I-beam will span vertically between the upper and
lower wales. The strut will be connected at the midpoint of this beam. The opposite end of each
strut will be embedded in a continuous reinforced concrete footing which will be below grade. The
struts will be concrete filled steel pipes for added strength. This design can be placed in both soil
conditions described above. The bottom of the concrete footing is at or near good foundation
material from the limited number of borings taken to date. Therefore, additionally, soil and/or
foundation stabilization measures like a pile support for the concrete footing, may be included during
the project design phase if it is determined from sufficient soil testing that it is required. This
floodwall section applies to stations 10+31 1019+23 and 43+94 to 47+31 of the South River
Alignment and stations 5+27 to 9+53 of the Sayreville Alignment. See Sub-Appendix A for design

calculations.

178. The proposed floodwall is in concurrence with all of the requirements as stated above. The
‘wall will sufficiently withstand the expected loads. The wall system will be relatively easy to
M South River, Raritan River Basin
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construct requiring fewer resources than other wall types such as concrete. The vinyl wall is
aesthetically pleasing due to color and texture choices available and it is the most cost effective

option and virtually maintenance free.

Storm surge Barrier Design Considerations

179. In order to complete the line of protection, a storm surge storm is to be placed across the
South River just north of the Veteran’s Memorial Bridge (see Figures 47 —49). This barrier ties into
the levee and floodwall system on both sides of the river to form a continuous line of protection from
storm insurgence into the flood prone low lying areas of South River, Sayreville and Historic Old
Bridge Township. This barrier will include a large sector type gate providing a tentatively sized 80
feet clear opening, which will remain open during normal conditions to maintain the natural
condition of the waterway upstream as well as to allow boat traffic to pass freely. During a storm
event that has the potential to cause flooding, the gates will be closed so that storm surges caﬂ not
translate further upstream or flank the levees and floodwalls. In order to alleviate any build up of
interior drainage behind the gates during closed times, a sufficiently sized pump station including
diese] powered pumps will be included in the barrier as well. The design backup for pump sizing is
included in the Interior Drainage Appendix. Enclosing the pump station within the barrier was
developed vs. locating the pump station with a large concrete sump chamber on the bank in order to
significantly reduce project costs. The proposed pumping units are direct drive, diesel powered
units, and therefore, no electrical backup required. This decision was made because the magnitude of
electrical backup power required is not readily available in the area of the barrier. A meeting with
representatives from the local power companies concluded that the cost to provide a redundant power
supply would be prohibitive. A check dam protruding above the river bottomn fronting the intakes is
included to preclude shoaling interference. To the east of the gate, included along and within the
barrier, are control structures with backflow prevention gates that will also alleviate build-up of
interior drainage during lower storm tide levels o the unprotected side of the barrier. The storm
surge barrier, for cost effectiveness, consists of a double line of high strength viny! sheeting lined
with reinforced concrete to a crest elevation of +21.5 NGVD and étmcnn*ally connected with steel

beams for structural stability (see Figure 48).

180.  Although there are several types of closure gates that are used by the Corps of Engineers in

applications such as this, the sector gate is best suited for this particular location. Referencing EM
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1110-2-2703, the miter gate, the vertical-lift gate and the tainter gate were all considered. The
disadvantage of the miter gate is its inability to close against hydraulic head differentials such as
incoming storm surges. [n addition, the miter gate does not generate the thrust required to overcome
an accumulation of silt in the gate’s path which can prevent the gate from closing. As with the miter
gate, the vertical-lift and tainter gates would have difficulty closing against a silted bottom which
could compromise the gates effectiveness in cutting off the storm surges to the protected side of the
gate. The vertical lift gate will have trouble achieving a positive seal against storm surges with a
significant reversed head against the backside of the gate and with shoaling interference. The tainter
gate’s foundation is not supported in rock; it is pile supported. Due to its pile foundation and skewed
high center of gravity, long and short term alignment problems can develop from slight differential
settlements causing the gate to lose its effectiveness. These disadvantages interfere with the gate’s
operability and increase the risk of closure failure. The sector gate was selected because none of
these disadvantages are inherent in its operation. The risk of inoperability is extremely low based on

an extensive track record. The sector gate is electrically operated with a diesel generator as backup.

Eastern Segment

181. The eastern portion of the line of protection is located mostly within the Borough of
Sayreville (see Figures 50-54). The top of protection is set at+21.5 NGVD. The grade elevations
along the entire line of protection excluding the segment that crosses the South River, range between
+4.0 and +20.0 NGVD. Therefore, the height of protection above grade ranges between 1.5 feetand
17.5 feet. All levee sections have a 10 —foot top width, with 1:2.3 side-slopes.

182.  The line of protection with a total 426 feet of floodwall and 6081 feet of levee begins at the
northeastern end as a levee starting at a point approximately 250 feet west of the intersection of
Anderson Court and Canal Street behind some newly constructed residential properties. There will
be maintenance vehicle access to the top of the levee at this point. The levee then extends in a
northwesterly direction between the rear property lines of the residential development and the
municipal sewage facility for approximately 500 feet where it meets the eastern bank of the
Washington Canal. The top of the leveé will be widened in this area to accommodate a vehicle
turnaround. The levee then becomes a floodwall due to space restrictions, which runs southwest
along the bank of the canal at the frontage of the sewage facility for approximately 300 feet where it

turns south for an additional 100 feet before switching back to levee for the remainder of its length.
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The remainder of the 10 foot wide crest and 1 on 2.5 side sloped levee is located in an undeveloped
area between the Washington Canal and the South River to the west and residential development to
the east. The remainder of the levee runs in a southeasterly direction for approximately 450 feet then
turns to a southwesterly course for 350 feet passing the eastern termination of Hinton Street.
Another access ramp will be located at the end of Hinton Street. The levee makes another slight turn
to the west and continues in a southwesterly direction for nearly 750 feet before turning south for
another 600 feet. There will be another turnaround located in this segment. The levee turns to a
southwesterly direction again and runs parallel to Weber Avenue at a 300 foot offset for nearly 800
feet, then turns south and runs again paralle! to Weber Avenue this time at a 450 foot offset for
approximately 2150 feet. There will be a turnaround Jocated approximately at 1/3 of the length of
this segment. The levee then turns southwest and continues for approximately 350 feet until it meets
the eastern bank of the South River where it terminates against a bulkhead. An access ramp isto be
located at this last change in direction in the levee. The last 200 feet of levee for closure to elevation
+21.5 is located on the western side of the South River in the Borough of South River. Once across
the river, there is a bulkhead similar to that on the eastern side. The levee begins again and
immediately tumns to the south where it continues until it meets high ground alongside Veteran’s

Highway within 50 feet of the western abutment.

River Segment

183.  The line of protection continues across the river for approximately 320 feet in the form of a
storm surge barrier and an 80 feet wide clear opening tide gate which lies collinear with the levee. A
purmp station is to be Jocated within the barrier between the South River west bank and the tide gate.
Between the eastern side of the tide gate and the east bank of the South River, there will be control
structures with backflow prevention of a sufficient size to partially alleviate build-up of interior
drainage in the event that all pumps fail and the gate does not open. Like the rest of the line of
protection, the barrier and tide gate provide protection to an elevation of +21.5 NGVD (see Figures
47-49).

Western Segment

184.  The western portion of the line of protection is located entirely within the Borough of South
River (see Figures 55-59). As with the eastern segment, the top of protection is setat+21.5 NGVD.
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The grades on the western side of the river are similar to those on the eastern side. Therefore, the
height of protection also ranges from 1.5 feet to 17.5 feet NGVD. All levee sections have a 10 —foot
top width, with 1:2.3 side-slopes.

185.  Theline of protection, with a total 0f 4631 feet of levee and 1229 feet of floodwall, begins at
the north western corner as a levee starting at a point located at the southeast corner of an unpaved
trailer lot off of Tices Comer Road. There will be vehicle access to the top of the levee from thislot.
The levee runs southeast for approximately 600 feet thorough a wooded area until it is within 150
feet of the river bank where it turns to a southwesterly direction. The 10 foot wide crest width with 1
on 2.5 side slope levee then continues along the river bank for an additional 400 feet where it
becomes a floodwall due to space restrictions. There will be a turnaround provided at the end of the

levee in this location.

186. The floodwall is located at the riverbank. It parallels the river for approximately 900 feet as
it bends to the southeast. The cross-section then reverts back to levee where space becomes
available and continues to parallel the river for an additional 450 feet. There will be vehicle access
provided in this segment. At this location, the levee turns slightly south. It runs in a southeasterly
direction, no longer parallel to the river for approximately 450 feet where it turns slightly further
south and continues on for another 1250 feet. The levee then turns further south and continuesina
southerly direction for approximately 350 feet where it ends and a floodwall begins to minimize
impacts to the adjacent wetlands. Vehicle access to the levee will be provided at this end of the
levee as well. As before, the floodwall runs directly adjacent to and parallel with the river for 400
feet until it meets Veteran’s Highway approximately 100 feet northeast of its intersection with Water
Street. The final segment of the line of protection is a levee, which extends from the end of the last
floodwall segment directly adjacent to and parallel with Veteran’s Highway on the north side for
approximately 1150 feet where it terminates at high ground at elevation +21.5 NGVD. There will be

a turnaround at the beginning of this segment and vehicle access at the end.

Hurricane and Storm Damage Reduction System Operation

187.  The operation and maintenance of all of the features of the plan will be the responsibility of
the local sponsors. The hurricane and storm damage reduction system will be activated by dedicated

personnel, from either the local municipality, county or state, as dictated by the Project Cooperation
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Agreement. One assigned individual will act as chief of operations for the system. This individual
will be responsible for checking weather forecasts and warnings by accessing the National Weather

Service website for the New York area at http://www.nws.noaa.gov/er/okx/. In the event that a

severe storm is forecast, the assigned individual will contact all of the personnel responsible for
implementing the plan and instruct them to convene at a predetermined meeting location where they
will await warning signals that signify further action to be taken. There will be two signals. A
“yellow” alert and a “red” alert will be received from the location of the storm surge barrier. The
“yellow” alert signifies that although the critical water surface elevations have not yet been reached
they are impending. It could be based on a forecast of an impending storm, in which case the gates
could be closed early at low tide to preserve storage behind the gate. Or it may be that the tide levels
have exceeded a set elevation, and are still expected to rise further. At that point, all personnel
should be in place and prepared to implement the project operation. The “red” alert signifies that the
critical water surface elevations have been reached and that project operation is required in order to
prevent damages. All personnel will commence their respective components of the project
operation. In the event that the personnel involved are not alerted in advance of a “yellow” alert or if
any alert is not acknowledged in a specified amount of time, automatic telephone dialers will be
incorporated with the alarm systems to insure that all of the appropriate personnel are notified. Minor
street flooding occurs at elevation 5.0 NGVD, which is less than 2 ft above MHW, it can be expected
that project operation will occur several times per year. Initial operation of the gate will be manual,
with subsequent operations programmed. The following paragraphs describe a general schedule of
personnel and procedures required for the most efficient implementation of the hurricane and storm
damage reduction system based on the operational requirements of the system components. This

plan will be detailed during the subsequent design phase of this project.

Interior Drainage Closure Gates.

188.  All of the interior drainage outlets incorporated in the Plan have sluice type closure gates
(see the interior drainage appendix for more detailed information). Atmany of these outlets, these
sluice gates will act only as back-up in the event that the A.D. (flap valve) type gates which are
placed at the downstream ends of these outlets fail. A system for determining the operational status
of the flap valves will be incorporated in the final Operations and Maintenance Manual which will be

developed during the design phase. While all of the outlets include sluice gates, they do not all
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include flap valves. Certain areas exist where tidally influenced wetlands will be isolated by the
construction of the levee and floodwall. The outlet structures feeding these areas will require
dedicated operation during storm events. The expected time required for each gate to be closed is
approximately 5 minutes. This time includes visually inspecting the drainage channel to insure that
it is free from obstruction and then activating the closure gate. The drainage gate crews will deploy
at the time of a “yellow” alert. Once at their respective gate locations, they will await further
notification via two-way radio from the chief of operations that a “red” alert has been received at

which time they will proceed to close the gates.

Sector Gate.

189. The sector gate can be operated by a single individual. Ata “yellow” alert, the individual
will deploy to the gate structure. The operator will visually inspect the channel to insure that it is
free from obstruction and at a “red™ alert, the operator will activate the gate closing mechanism. The
sector gate is operated by an electric motor which requires no warm up. The operator will be at the
gate structure and ready to close the gate prior to 2 “red” alert. Once a “red” alert sounds, the gate
can be in the fully closed position in less than ten minutes. As previously stated, initial operation of

the gate will be manual, with subsequent operations programmed.

Pump Station.

190. The pump station will be switched on once the sector gate has been completely closed. Due
to the fact that the pumnp station sump interfaces with the stream, very little time is required to prime
the pumps once the pump intake gates are opened. Therefore, there is no lead time required. One
individual will deploy to the pump station at a “yellow” alert, make an inspection of the pump
intakes and await further instruction from the chief of operations. The chief of operations will notify
the pump crew via two-way radio when to engage and disengage the pumps. The pumps can be in

operation immediately upon notification.

Hurricane and Storm Damage Reduction System Maintenance

191. Maintenance and operation of the project will be conducted as follows:

o Levees and floodwalls require maintenance to assure continued required performance levels

such as vegetation maintenance, control of earthen settlements and sloughs, piping, animal
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borrows, repair of damaged wall joints and wall caps and maintenance of drainage ditching

adjacent to levees and walls by removing debris.

¢ Maintenance of all drainage structure chambers and flap and sluice gates, including cleanout,
concrete repair, pipe repair, gate performance with required repair maintenance and operation

and replacement (every 25 years).

« Pump stations require trash removal, cleanout, testing of pumping systems 4 times/year,
repair and replacement (every 20 years) of pumps and controls, gate repair and replacement

(every 25 years).

¢ Closure gate (interior drainage) - operation and maintenance includes pertinent lubrication,

testing, periodic painting and replacement of gates and seals and concrete repair.

e Sector gate requires testing 4 times per year plus use during storm occurrences, repair of
electrical/mechanical systems including gate members and gate and equipment replacement

(approximately 25 years).

192. A detailed Operation and Maintenance manual, along with gate regulation requirements, will

be developed during subsequent design/construction phases.

Impacts to Navigation

193.  As previously discussed, the authorized federal navigation project in South River is a 12-foot
deep, 100-foot wide channel in the Washington Canal for a distance of 0.8 miles upstream of the
Raritan River and then a 12-foot deep, 150-foot wide channel in the South River to Old Bridge. The
total length of this channel navigation project is 5.2 miles. In 1929, when the last improvements to
the project were authorized, the channel was used to transport brick, hollow tile, sand, clay, crushed
stone, and coal to/from New York Harbor. There is currently no commercial traffic; small recreation
vessels are the sole users of the Washington Canal and South River. The Rivers End Marina in Old
Bridge, and the South River Boat Club, both mainly small pleasure craft, arethe primary users of the

channel. The last Corps involvement was for maintenance dredging in the early 1940s.

194. The channel was designed to handle the commercial traffic from the brick industry, and

therefore is now oversized for the small pleasure craft now using the channel. Of concern is whether

et i South River, Raritan River Basin
March 2002 90 Hydrology, Hydraulics & Design Appendix

48819

5-6-9



286

the 80 ft gate opening is adequate for the current vessel traffic. There is a Conrail RR swing bridge a
short distance upstream of the sector gate. This swing bridge has a clear opening of approx. 40 ft,
which is half'the opening of the sector gates. Obviously, if the vessels can safely transit the 40 ff RR

bridge, the proposed 80 ft sector gate will be more that adequate.

195.  The gate was sized to limit velocities through the gate, during the highest astronomical tide,
to 4 fps to allow vessels to transit through the gate at all phases of the tide. Under normal, mean tide,

conditions, it can be expected that currents would be weaker.

196.  The United States Coast Guard was contacted to evaluate the impacts of the proposed gate on

vessel navigation. Their response stated they had no objection to the completion of the project.

Impacts to Hydrodynamics

197.  The results of the hydrodynamic model indicates that normal daily tide conditions will
remain virtually unchanged with thg project in place. The maximum change in high tide is 0.05 ft
within the project area. Qutside the immediate area of the gate, peak current velocities were reduced
by less than 0.3 fps. Together, this results indicate that there would be virtually no impact to tidal
exchange and flushing. Maximum current velocities at the gate structure will be less that 4 fps,

minimizing any scour potential near the structure.

198.  Sedimentation has not been as issue in the South River. The navigation project, authorized to-

a depth of —12 mlw was last maintained in the 1940°s. Within the project area, depths are still several

feet below the authorized depth, indicating that sedimentation is not been a problem.

VI. RESIDUAL FLOODING
General.

199.  The requirements for residual flooding documentation are contained in ER 1110-2-1150,
Engineering and Design — Engineering and Design for Civil Works Projects, dated 31 Aug 1999,
Appendix C, paragraph C-2.2. Residual flooding within the limits of the South River Hurricane and

Storm Damage Reduction and Ecosystern Restoration project will only occur due to interior

e
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flooding. Information on the residual flooding associated with the South River Hurricane and Storm
Damage Reduction and Ecosystem Restoration project is presented in the following paragraphs. The
information is only provided for the 100-year and 500-year events for the protected areas designated
as the East Segment (100 cfs diversion plan), West Segment (minimum facility plan) and Main Gate
(1200 cfs pump plan). Much of the information that is included here is related to the elevation where
the first significant damages begin. For the East Segment, the first significant damage occurs at
elevation 5.0 feet NGVD. At the West Segment, the first significant damage occurs at elevation 7.0
feet NGVD. The Main Gate has a first significant damage elevation of 6.0 feet NGVD.

Warning time of impending inundation.

200. The warning time of impending inundation is measured beginning at the time when the heavy
rainfall (at a rate of about 0.30 inches per hour) starts to the time when the interior water surface
reaches the first significant damage elevation. Rainfall, not ele&ation, is used, because flood rate of
rise is too rapid for elevation to yield any useful warning time. The start of heavy rainfall is used as
the start of warning time to a) avoid false alarms from less than heavy rainfall, b) avoid a false sense
of security resulting from an overestimated warning time based on light rainfall at the very start ofa

storm. Warning times for the South River project interior areas are given in Table.39

Table 39
Warning Time of Impending Inundation
For Residual Interior Flooding
Location Event Warning Time
West Segment 100-year 6 hours
500-year 6 hours
East Segment 100-year 13.5 hours
500-year 17.5 hours
Main Gate 100-year 26 hours
500-year 25 hours
South River, Raritan River Basin
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Rate of rise, duration, depth, and velocity of inundation.

201.  The rate of rise is defined as how fast the interior water surface is rising when it reaches the
first significant damage elevation. The duration is defined as the length of time that the interior water
surface remains above the level of first significant damage. The depth is defined as the difference
between the maximum interior water surface elevation and the first significant damage elevation.
The velocity of inundation is defined as the velocity (flow) of the water flooding the interior areas.
The rate of rise, duration, depth, and velocity of inundation for the South River project interior areas
are given in Table 40. The velocity of inundation is listed as minimal for all conditions in the table

below since as interior flooding the water is only rising slowly behind the line of protection.

Table 40
Rate of Rise, Duration, Depth and Velocity of Inundation
For Residual Interior Flooding
Location Event Rateof | Duratio | Depth | Velocity of
Rise n (feet) | Inundatio

West Segment 100-year 2.50 3 2.0 Minimal
500-year 2.50 3 23 Minimal

East Segment 100-year 2.33 15 2.2 Minimal
500-year 2.00 16 2.8 Minimal

Main Gate 100-year 0.30 18 1.3 Minimal
500-year 0.28 21 2.0 Minimal

Delineation.

202. Delineation of the extent of inundation for the 1% and 0.2% chance of exceedance floods
(100-year and 500-year) for the South River project due to interior flooding is shown in Figures 60a
and b, respectively. The maximum interior water surface elevations for the selected plan are also

presented in the following table.

Access and egress problems created by flooding.

203. Theresidual interior flooding associated with the South River Hurricane and Storm Damage
Reduction and Ecosystem Restoration project will cause some access and egress problems. Flooding
in South River Boro for both the 100-year and 500-year floods will prevent the use of the Veterans

-
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Memorial Bridge. In addition, small areas in both South River Boro and Sayreville that will not be
flooded during the 100-year or 500-year floods will be left inaccessible due to the flooded areas
around them. Please refer to the inundation limits mapping for the 100-year flood, Figure 60a and the

500-year flood, Figure 60b for clarification of the access and egress problems created by the residual

interior flooding.
Table 41
Maximum Water Surface Elevation
For Residual Interior Flooding
Protected Current/ Flood Max.

Area Future ‘Water
Conditions Surface

East Segment Current 100-year 7.0

Future 100-year 7.3

Current 500-year 7.3

Future 500-year 7.6

. West Segment Current 100-year 92

Future 100-year 9.3

Current 500-year 9.8

Future 500-year 10.1

Main Gate Current 100-year 7.3

Future 100-year 7.8

Current 500-year 8.0

Future 500-year 82

Potential for loss of life.

204. The potential for loss of life within the limits of the residual flooding is assumed to be
minimal to none. The flooding only consists of slowly rising waters within the interior areas that do

not exceed a few feet in depth.
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Identification of any potential loss of public services.

205. Any public transportation routes through the area, such as bus lines, that use the Veterans
Memorial Bridge to cross the South River will possibly be affected with a loss of service for the
duration of residual interior flooding for both the 100-year and 500-year floods, since access to the

bridge in South River Boro will be flooded.

Potential physical damages.

206. Residual flooding will affect protected structures with the project in place. The numbers of
structures that will be damaged due to the 100-year and 500-year floods are shown in Table 42, listed
by area of protection. A separate listing is given for residential structures and non-residential
structures. Non-residential structures included in this data do not include any roads, bridges or

railroads.

Table 42
Number of Structures Subject to Residual Flooding
Location RESIDENTIAL NON-
RESIDENTIAL
100-year | 500-year | 100-year | 500-year
MAIN GATE 49 63 28 30
EAST 29 47 1 3
SEGMENT
WEST 7 13 7 7
TOTAL 85 123 36 40

207. The magnitude of the damage to the structures impacted by residual flooding can be shown
by the dollar annual damages for the 100-year and 500-year events. These figures include both

damage to the structure and its contents. This information is shown in Table 43, listed by area of

protection.
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Table 43 -
Annual Damages of Structures Impacted by Residual Flooding
Location 100-year 500-year
MAIN GATE $314,185 $344,653
East Segment $125,078 $129,802
West Segment $138,734 $144,837
Total $577,997 $619,292
REFERENCES

Basinwide Water Resource Development Report on the Raritan River Basin. House

Document 53, Seventy-First Congress, Second Session.

Delineation of Flood Hazard Areas, Raritan River Basin, Flood Hazard Report #18, South
River and Manalapan Brook. NJDEP, Division of Water Resources, October 1972.

Delineation of Flood Hazard Areas, Raritan River Basin, Flood Hazard Report #17,
Matchaponix Brook System, NJDEP, Division of Water Resources, March 1973.

Survey Report for Flood Control, Raritan River Basin, New Jersey, Final Report, New York
District, USACE, March 1985.

South River, Raritan River Basin, New Jersey, Multi-Purpose Study, Final Reconnaissance

Report, Department of the Army, Corps of Engineers, New York District, May 1995.

Technical Paper No. 49, Two to ten-day Precipitation for Return Periods of 2 to 100 Years in

the Contiguous United States, U.S. Department of Commerce, Weather Bureau, Washington,
D.C. 1964.

Technical Paper No. 40, Rainfall Frequency Atlas of the United States, U.S. Department of

Commerce, Weather Bureau, Washington, D.C. 1961.
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e  Technical Memorandum Hydro-35, Five-to 60-Minute Precipitation Frequency for the

Eastern and Central United States, National Weather Service, Silver Spring, Maryland, June
1977.

e Guidelines for Determining Flood Flow Frequency, Bulletin 17B, United States Water

Resources Council, Washington D.C., revised September 1981.

e Appendix A of ER 1110-2-1150, Engineering and Design for Civil Works Projects, U.S.
Army Corps of Engineers, Washington D.C. 31 March 1994

* Green Brook Flood Control Project — General Re-evaluation Report (GRR), U.S. Army
Corps of Engineers, New York District, December 1996.

e Climatological Data, National Climate Data Center, Ashville, NC 28801
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Height of Protection — Elevation ~17.8

309

Excludes Barrier
Total First Cost & Annuat Cost - South River
South River Floed Conwrol Feasibility Study

ACCOUNT DESCRIPTION QUANTITY UNIT UNIT “RROUNT CONT. - CONTINGENCY TOTAL ]
CODE PRICE % AMOUNT
| LANDS AND DAMAGES
Acquiring Permanent Easements {(upland) 218 AC $160.000 $3,488,000 15% $523,200
Acquiring Permanent Easements (wetland) 10e AC $20,000 $212.000 13% $31,800
Acquiring Temporary Easements (uptand) 92 AC $32,000 $294400  13% 344,160
Acquiring Temporary Eascments (wetland) 31 Ac $4,000 $12400  15% $1.860
SUBTOTAL $4,006,800
CONTINGENCY $501,020 $4,607.824
LANDS AND DAMAGES TOTAL
3 FISH AND WILDLIFE FACILITIES
Wildlife Facijities & Sanceuaries
Wetiand Mitigation 106 AC $100,000 31,060,000 15% $159,000
Disruption of Wetland Hydrology 343 AC $50,000 $1,725000 5% $258,750
SUBTOTAL $2,785,000
CONTINGENCY $417,750
FISH AND WILDLIFE TOTAL $3,202,75¢
b LEVEES AND FLOODWALLS
Levees
Mob, Demob & Preparatory Work 10 Ls $50,000 $50,000  15% $7,500
Clear & Grub 320 AC $9,800 $313,600 15% $47,040
Excavatien Common 360000 CY 39 $306,000  15% $45,900
Embankment Commeon (Fill) 2350000 CY 522 $3,170,000  15% $775,500
Embankment Impervious 906000  CY $26 $2,378.250 15% $356,738
Steipping 617000 CY 38 $462,730  15% $69,413
Topsoit and Szeding 374 AC $19,360 $724062  15% $108,610
Floodwatls
Excavation Common 8500.0 cY 3¢ $72,250 5% $10,838
Fill 163000 <Y $22 $358.600 13% $53,790
Vinyl Shevting 1124000  SF $30 $3,572,000 153% $505,800
Concrete (incl. Reinforcing Steel and Forms) 1400.0 Yy 3450 $630000  13% $94,500
Walers 5100.0 LF $42 3214200 15% $32,130
Strut Beams 9700.0 LF $50 $485.000 15% $72,750
Topsoil and Seeding 1.6 AT $19,360 $30.976 15% $4.646
Demolition and backfll 800.0 LF $150 $120,000 13% $18,000
interior Drainage Facitiies
100¢£s pump station H 15 $1,500,000.00 $1,500,000.00 15% $225,000
30 ofs pump station H s $800,000.00 $800.000.00  153% $120,000
24" diameter outlet structure ¥ EA $40,000.00 $40,000.00 13% 36,000
36" diameter outlet structure 3 EA $55,000.00 $165,00000  15% $24,750
48" diameter outlet sructure } EA $70,000.00 $70.000.00 15% $10,500
60" diameter outles srusture 14 EA $100,000.00  $1.400,000.00  15% $210,000
72" diamerer outlet structure H EA $127,100.00 $127,100.00 15% $19,065
34 culvert wi3 manholes, headwall & vaive 300 LF $200.00 $160,000.00  15% $24,000
Drop inlet 1 EA $3.000.00 $3,000.00 15% $450
24" RCP 50 LF $40.00 3200000  15% $300
60"x120" box culvert i Ls $800,000.00 $800,000.00 15% $120,000
Drainage ditch/swate 2900 LF $45.00 $130,500.00 15% 319,575
Backflow prevention to existing inlets 3 Ls $30,000.00 $30.000.00  15% $4,500
Seour Protection 2500 <Y $62.00 $155,000.00 13% $23,250
54"x76" culvert outlet structurs i LS $100,000.00 $100.000.00 15% $15,000
Raitroad Closure Gate 1 LS $350,000.00 $350.000.00 15% $52,500
SUBTOTAL $20,520.290
CONTINGENCY $3.078,044
LEVEES AND FLOODWALLS TOTAL $23.598.334
— —
Sub-total Construction Cost $27.312.090 $4,096,814 T $31.208.904
30 Engineering & Design{15%) $4,711.334
31 S H& A(T%) $2,198.623
TOTAL PROJECT FIRST COST §38,318.8624
Intrest During Construction (2.5 year duration) $3,216.784)
Total Invesienant Cost $41.537.647
O&M (Anpual) $145,600)
Amualized Project Cost @ 6.375% Over 50 Years Capital Recovery Factor= 0.0668 $2,774.257)
TOTAL ANNUAL COST 52,919,257
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Inciudes Tidal Barrier
Totat First Cost & Annual Cost -~ South River
South River Flood Controt Feasibility Study
Height of Protection - Elevation ~17.0

ACCOUNT DESCRIPT LUﬁ QUANTITY LjFHT UNIT AMOUNT CONT, CONTENEENC Y TOTAL
CODE PRICE % AMOUNT
1 LANDS AND DAMAGES
Acquiring Permanent Easements (upland) 123 AC $100.000 $1225000 15% $183.730
Acquiring Permanent Easements (wetland) 87 AC $20,000 $174.000  15% $26,100
Acquiring Temporary Easements (upfand) 4.8 AC $20,000 $95,000 15% $14,230
Acquiring Temporary Easements (wetland) 29 AC $4,000 $11,600 15% $1,740
SUBTOTAL $1,505,600
CONTINGENCY $225,840 $1,731.44Q
LANDS AND DAMAGES TOTAL
3 FISH AND WILDLIFE FACILITIES
‘Wildiife Facilities & Sanensaries
Wetland Mitigation 8.7 AC $100,000 $870,000 15% $130,500
Disruption of Wetland Hydrology 244 AC $50,000 $1.220,000  15% $183,000
SUBTOTAL $2,090,000
CONTINGENCY $513,500
FISH AND WILDLIFE TOTAL $2,403,5004
1] LEVEES AND FLOODWALLS
Levess
Mob, Demob & Preparatory Work 1.0 LS $50,000 $50,000 15% §7,500
Clear & Grub 2u1 AC $9,800 5206290 13% $30,944
Excavation Common 221000 <Y 39 $187,850 15% £28,178
Embankment Common (Fill} 166500.0 CY 322 $3,663.000 15% $349,450
Embankment Impervious 638000 CY $26 $1,674750  13% $251,213
Stripping 426000 CY 58 $319.300  15% $47,925
Topsoil and Seeding. 230 AC $19,360 5445280 15% $66,792
Floodwalls
Excavation Common 1663.0 <Y 59 $14,136  15% 32,120
Fil} 3371.0 cY $22 $74,162  15% $11,124
Vinyi Shesting 27560.0 SF 330 $826,800 15% $124,020
Concrete (incl. Reinforcing Steel and Forms) 340.0 <Y $450 $153000  153% $22,950
Walers 13780 LF 342 $57876  15% 58,681
Strut Beams 26400  LF $50 $132,000  15% $19,800
Topsoil and Seeding 0.4 AC $19,360 36,776 15% $1,016
Interior Drainage Facilities
300cfs pump station 10 s $1,275,000 $1,275,000  15% $191,250
36" diameter outlet structure 20 Ea $55,000 $110,000 15% $16,500
60" diameter outhet structure 9.0 EA $100,000 $900000  15% $135,000
54" cutvert w/3 manholes, beadwall & valve 800.0 LF $145 $116,000 15% $17,400
Drainage ditclv/swale 1400.0 LF $45 $63,000  15% $9,450
Backflow prevention o existing inlets 1.0 LS $22,000 $22,000  15% $3,300
Scour Protection 1000.0 <Y $62 $62,000 15% $92,300
SUBTOTAL $10,359,420
CONTINGENCY $1,553,913
LEVEES AND FLOODWALLS TOTAL $11,913.332
15 TOTAL FLOODWAY CONTROL DIVERSION STRUCTURES
Barrier 10 is $215,000 8215000 15% $32,250
Bulkhead 1.0 18 $315,000 $315.000 15% $47,250
Secror Gate 31'x80" 10 s $7,106,000 $7.106,000  15% $1,065,900
Puimp Station 10 15 $4,556,050 $4.556.050 15% $683,408
SUBTOTAL $12.192.050
CONTINGENCY $1,828,808
TOTAL FLOODWAY CONTROL DIVERSION STRUCTURES TOTAL $14.020.859
Sub-total Construction Lot $26,147.070 $3,922,060 $30,069.139
30 Engineening & Design (15%) $4,310.36%
3] S, 1 & A(T%) $2.104.839
TOTAL PROJECT FIRST COST $36.684.339
Intrest During Construction (2.5 year duration) $3,081.484
Total Investment Cost $39.765.823
O&M  (Annuab) $209.5004
Annualized Project Cost @ 6.375% Over 50 Years Capital Recovery Factor = 0.0668 $263591
TOTAL ANNUAL COST 52865418
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SOUTH RIVER FEASIBILITY STUDY: HYDROLOGY
RARITAN BASIN-WIDE HEC-1 MODEL INPUT

SCHEMATIC DIAGRAM OF STREAM NETWORK

[\2] ROUTING (-=>) DIVERSION OR PUMP FLOW
) CONNECTOR {€=n) RETURN OF DIVERTED OR PUMPED FLOW

403060 RARITAN RIVER AT BOUND BROOK NJ USGS GAGE
Mpe2 MIDDLE BROOK AT MOUTH
R0 GREEN BROOK AT MOUTH
RADSGR. « -+ evenenvenenens.. . RARITAN RIVER BELOW GREEN BROOK
1NCRGL GREEN BROOK TO LAWRENCE BROOK

t ——————— > RCLLIN DIVERTED HALF OF SUB-BASIN HYDROGRAPH
RSDLIN RESIDUAL HALF OF SUB-BASIN HYDROGRAPH

RRINFL. covvvnnenn INFLOW TO ROUTING REACH
v
RARTLB ROUTE TO LAWRENCE BROOK CONFLUENCE

LR RCLLIN DIVERTED HALF OF SUB-BASIN HYDROGRAPH
RCLLIN DIVERTED HALF OF SUB-BASIN HYDROGRAPH

BAUSLB............ RARITAN RIVER ABOVE LAWRENCE BROOK
405000 LAWRENCE BROOK AT FARRINGTON DAM USGS GAGE
v

LawRRL ROUTE TO MOUTH
zawrs1 SUBAREA - DAM TO MOUTH

LAWREL............ LAWRENGE BROOK AT MOUTH

RADSIB. ........... RARITAN RIVER DOWNSTREAM OF LAWRENCE BROOK

RARTSR ROUTE TO SOUTH RIVER CONFLUENGE (RARITAN RIVER ABOVE SOUTH RIVER)
405500 USGS GAGE: SOUTH RIVER AT OLD BRIDGE, NJ

v

v
SRR1 ROUTE TO CONFLUENCE WITH DEEP RUN

Figure 13a
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sRs1 INCREMENT: USGS GAGE AT OLD BRIDGE TO CONFLUENCE WITH DEEP RUN
SRC1............ SOUTH RIVER ABOVE DEEP RUN
pEEPS1 DEEP RUN NEAR INTERSECTION RTS. 8 AND 18
pEERS2 INCREMENT TO RT, 9 CROSSING
DEEPCL............ DEEP RUNATRT. 9
v
v
pEEPRL ROUTE TO HEC-RAS REACH
v
v
DEEPR2 ROUTE TO MOUTH
. . DpEEPS3 INCREMENT: ROUTE 8 TO MOUTH
DEEPCZ. ... ....... DEEP RUNATMOUTH
SRCZ............ SOUTH RIVER BELOW DEEP RUN
v
SRRz ROUTE TO CONFLUENCE WITH TENNENT BROOK
sRS2 INCREMENT: TO TENNENT BROOK
SRC3............ SOUTH RIVER ABOVE TENNENT BROOK
rENNs1 TENNENT BROOK AT GOLF COURSE
rEINS2 INCREMENT: TO TENNENT POND DAM
TENNCL............ INFLOWTO ROUTING REACH
yEmRL TENNENT BROOK AT TENNENT POND DAM
. TENNS3 INCREMENT: TO MOUTH
TENNCZ. .. v. .t ... INFLOWTO ROUTING REACH
TENNRZ TENNENT BROOK AT MOUTH
SRCA. .t iin. | SOUTH RIVER BELOW TENNENT BROOK

Srs3 INCREMENT: TO VETERANS MEMORIAL BRIDGE

SRCS.erinnnn.. _ INFLOW TO ROUTING REACH

Figure 13a (con’t)
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Figure 36a Station locations for model analysis
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Figure36b Station locations in northern part of system for model analysis
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South River Flood Control Feasibility Study

419

TABLE C-1
Total First Cost (Selected Plan)

Account Unit % Contg
Code Description QTY UOM Price Amount  Cont'g Amt Total
06  FISH AND WILDLIFE FACILITIES -
Surveying 1L8 7700.00 § 7,700 20.00% §$ 1500 $ 2,200
Mobilization & Demobifization 118 106800.00 $ 106,800 20.00% $ 21400 § 128,200
Site Access 1LS 185,100 $ 185,100 20.00% $ 37,000 § 222,100
Site preparation 11.21 ACR 26,521 § 297,300 20.00% § 69,500 § 356,800
Levee improvements 7 ACR 88,700 § 620,900 20.00% $ 124200 § 745,100
Excavation for Marsh Creation 9,51 ACR 92,513 § 879,800 20.00% $ 176000 § 1,055800
Planting 11.1 ACR 12,054 § 133,800 20.00% $§ 26,800 $ 160,600
Erosion Control 1L8 133,900 § 133,000 20.00% $ 26800 $ 160700
Monitoring 1LS 22,300 § 22,300 20.00% $ 4500 $ 26,800
SUBTOTAL $ 2,387,600 $ 477,700 $ 2,865,300
11 LEVEES AND FLOODWALLS
Mob & Demob 1L8 3 150,000 15.00% $ 22500 & 172,500
LEVEES
Ciear & Grub 25 ACR 9916.00 § 247800 15.00% $ 37200 $ 285,100
Excavation, Common 33700 CY 11.00 $ 370,700 15.00% $ 55600 $ 426,300
Embankment, Common 253800 CY 2700 § 6,847,200 15.00% §$ 1,027,100 § 7,874,300
Embankment, mpervious 50800 CY 3000 § 1,524,000 15.00% $ 228,606 $ 1,752,600
Stripping 28500 CY 750 8§ 213,800 15.00% § 32,100 § 245,800
Geogrid 300000 SF 200 $ 600,000 15.00% $ 80,000 $ 680,000
Vinyl Sheeting 166500 SF 3000 § 4,995000 1500% $ 749300 § 5,744,300
Topsoll and seeding 282 ACR  19360.00 § 545952 15.00% $§ 81,900 $  627.900
'FLOODWALLS
Excavation, Common 7500 CY 11.00 & 82500 15.00% $ 12400 3 94,800
Fili 13500 CY 2700 § 364,500 15.00% $ 54700 § 418,200
Vinyi Shesting 52200 SF 3000 § 1,566,000 15.00% $ 234900 § 1,800,900
Conerete (incl rebar & forms) 720 CY 450.00 § 324,000 15.00% $ 48600 $ 372,600
Walers 3300 LF 4400 § 145200 1500% $ 21,800 $ 167,000
Struct Beams 3700 LF 6574 § 243238 15.00% $ 36500 § 278,700
Topsoll and seeding 0.8 ACR  18360.00 § 17,424 15.00% $ 2600 $ 20,000
INTERIOR DRAINAGE
East Segment- Minimum Facifties
36" DIP through floodwall S LF 484.00 § 2,420 15.00% $ 400 8 2,800
Excavation & Hauiling for pipe 8 CY 656 § 58 15.00% § - 8 100
Backfill & Compaction 7CY 371 8 26 15.00% $ - 8 -
Manhle frame & cover 7 EA 74000 § 5180 15.00% $ 800 § 6,000
Concrete for inletioutiet MH 136.5 CY 54000 $ 73710 15.00% $ 11,100 § 84,800
36" RCP (inci 130Ft from ditch drainage} 330 LF 81.10 § 26,763 15.00% $ 4,000 § 30,800
36" flap gates 3 EA 1042033 $ 31,261 15.00% $ 4700 § 36,000
36" stuice gate 3 EA 1447733 § 43,432 15.00% $ 6500 § 49,900
36" X 36" trash rack 3 EA 739.00 § 2,217 15.00% $ 300 8 2,500
80" RCP 300 LF 178.70 § 53,610 15.00% $ 8,000 § 61,600
60" flap gate 3 EA 12954.00 § 38,862 15.00% $ 5800 § 44,700
80" sluice gate 3 EA 36195.00 § 108,585 15.00% § 16,300 $ 124,900
60" X 60" irash rack 3 EA 1520.00 $ 4,560 15.00% $ 700§ 5,300
18" RCP 100 EA 2850 § 2,950 15.00% $ 400 § 3,400
18" sluice gate 1 EA 8684.00 § 8,684 15.00% § 1,300 § 10,000
18™ frash rack 2 EA 38200 § 764 15.00% $ 100 § 800
Qutiet ditch excavation 3040 CY 658 § 19,981 15.00% $ 3.000 § 23,000
East Segment. 100CFS diversion .
Excavation & havling for culvert 2780 CY 658 8§ 18,347 1500% $ 2800 § 21,100
Backfilt & compaction for culvert 2780 CY 3.70 § 10,323 15.00% § 1500 & 11.800
MH Frame & cover 3 EA 740.00 § 2,220 15.00% $ 300 § 2,500
Trench shield {supplied by contractor) 1EA 3 -
Dewatering 90 DAY 500.00 $ 45,000 1500% $ 6800 $ 51,800
Fﬁ:m <44
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TABLE C-1

Total First Cost (Selected Plan) -

Account Unit % Contg

Code Description QTY UOM Price Amount  Cont'g Amt Total
48" CMP - Interim drainage 300 LF 84.60 $ 25,380 15.00% $ 3,800 $ 28,200
Precast concrete MH 5 EA 1500.00 $ 7,500 1500% $ 1100 $ 8,600
Reinforced concrate 10 CY 540.00 § 5400 15.00% $ 800 $ 6,200
60" RCP (in place of cuivert) 930 LF 17870 § 166,191 15.00% $ 24800 § 191,100
18" flap gate - inside culvert 2EA 807850 12,157 1500% $ 1,800 $ 14,000
36" flap gate nside culvert 2 EA 1042050 $ 20,841 1500% $ 3,100 8 23,900
Crushed stone 723 CY 2000 $ 14,460 15.00% $ 2200 $ 16,700
38" RCP 200 LF 81.10 § 16,220 15.00% § 2400 § 18,600
36 * fiap gate - outiet 2 EA 1042050 $ 20,841 15.00% $ 3,100 § 23,900
36" shuice gate 2 EA 1447750 § 28,955 1500% $ 4300 $ 33,300
36" X 36" trash rack 2 EA 73900 § 1478 15.00% $ 200 § 1,700
Utiity relocation 100 LF 10000 § 10,000 15.00% $ 1,600 § 11,500
Channel - vegetated biomat 1074 8Y 870 $ 6,122 1500% $ 900 § 7.000
West Segment - Minimurn Facilities : : .
1' X 24" DIP through floodwall 51LF 10760 § 538 15.00% $ 100 § 600
Z X 60" DIP through foodwall 10 LF 839.70 § 8,397 15.00% § 1,300 § 9,700
Excavation & Hauling for pipe 27 CY 659 § 178 15.00% $ - 8 200
Backfilt & Compaction 21 CY 37§ 78 1500% $ - 8 100
Manhole frame & cover 11 EA 74000 § 8,140 15.00% $ 1200 § 8,300
Congrete for inleoutiet MH 2145 CY 540.00 $ 115,830 15.00% § 17,400 § 133,200
24~ RCP 100 LF 4060 § 4,080 15.00% § 600 $ 4,700
24" Dia flap gates 2 EA 9868.00 § 19,736 15.00% $ 3,000 § 22,700
24" sluice gate 2 EA 1042050 $ 20,841 15.00% $ 3,100 § 23,800
24° X 24" trash rack 2EA 47500 $ 950 15.00% § 100 $ 1,100
80" RCP 700 LF 178.70 $ 125,080 15.00% $ 18,800 § 143,900
80" Dia flap gate 7 EA 12954.00 $ 90,678 15.00% $ 13,600 $ 104,300
80" sluice gate 9 EA 36195.00 § 325,755 15.00% $ 48,900 $ 374,700
60" X 60" trash rack 8 EA 1520.00 § 13,680 15.00% $ 2,100 § 15,800
Main Channel - Minimum Fagility
Box Culvert 3000 SF 5000 $ 150,000 1500% $ 22,500 $ 172,500
Flap Gates (5) 5 EA 57600.00 § 288,000 15.00% $ 43,200 $ 331,200
Slhice Gates (5) 5 EA 144000.00 $ 720,000 15.00% $ 108,000 § 828,000
Trash Ratks 5 EA 500000 $ 25,000 15.00% § 3,800 $ 28,800
80" RCP 400 LF 17870 § 71480 1500% $ 10,700 § 82,200
§0" Dia Fiap gate 4 EA 12954.00 $ 51,816 1500% $ 7800 $ 58,600
80" sluice gate 4 EA 36195.00 § 144,780 15.00% $ 21,700 § 166,500
60" X 60 trash rack 4 EA 1520.00 § 8,080 15.00% § 800 $ 7,000
Manhole Frame & Cover 4 EA 740.00 $ 2,960 15.00% $ 400 3,400
Concrete for infet/outiet/MH 78 CY 540.00 § 42,120  15.00% $ 6,300 § 48,400
SUBTOTAL $ 21,308,110 $ 3,196,200 $ 24,504,310

13 PUMPING PLANT - 1200CFS
Mob & Demob 18 150,000 & 150,000 15.00% § 22,500 $ 172,500
Dewatering 1L8 100,000 $ 100,000 15.00% $ 15,000 $§ 118,000
Cofferdam 1Ls 65,000 $ 65,000 15.00% $ 9,800 $ 74,800
Vinyl Sheeting 1L8 150,000 $ 150,000 15.00% $ 22,500 $ 172,500
Check Dam (130' X 20 2600 SF 25§ 65,000 1500% § 9,800 § 74.800
Reno Mattress 333 8Y 45 § 15,000 15.00% $ 2,300 $ 17,300
Crane (30T) 1L8 90,000 & 80,000 15.00% $ 13,500 § 103,500
Misc. Building 1LS 150,000 $ 150,000 15.00% $ 22,500 $ 172,500
Trash Rack 118 45,000 $ 45,000 15.00% $ 6,800 $ 51,800
Steet 50000 LBS 2s 92,000 15.00% $ 13,800 $ 105,800
Piles (105 @351EA) 3675 LF 28 8§ 102,000 15.00% §& 15300 $§ 117,300
Cancrete (Walt S50CY + Fioor 300CY) 850 CY 435 § 370,000 1500% § 55500 § 425500
Pump Equipment 1L8 1,800,000 & 1,800,000 15.00% $§ 270,000 § 2,070,000
Gates 118 210000 $ 210,000 15.00% $ 31500 $§ 241,500
Formed Suction intake {4) 4 EA 45000 $ 180,000 15.00% $ 27000 § 207,000
Fauvt Ha.
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Total First Cost (Selected Plan)

South River Flood Control Feasibility Study

421

TABLE C-1

Account . Unit % Cont'g
Code Description QTY UOM Price Amount  Contg Amt Total
Tideflex flap gates 4 EA 18,750 § 75,000 1500% $ 11,300 $ 86,300
SUBTOTAL $ 3,658,000 $ 548,100 § 4,208,100
158 FLOODWAY CONTROL AND
DIVERSION STRUCTURES
Barrier
Sheeting 180'X 35" 6300 SF 25 § 157,500 15.00% $ 23600 § 181,100
Backfill 35 X 35" x 26" 2000 CY 228 44,000 15.00% § 6600 § 50,600
Paving 230 8Y 78 1,610 1500% $ 200 § 1,800
Concrete 20 CY 450 $ 8,000 15.00% $ 1400 $ 10,400
Bulkhead 1L8 315,000 & 315000 15.00% § 47300 § 362,300
Sector Gate 35" X 80° 118 $ 8,700,000 20.00% $ 1,740,000 $ 10,440,000
SUBTOTAL 3 9,227,110 $ 1.819,100 $ 11,046,210
TOTAL CONSTRUCTION COST $ 36,581,820 $ 6,042,100 $ 42,623,920
01 LANDS AND DAMAGES
Acquire Permanent Levee Easements 253 AC 91,887 § 2324750 1500% $ 348,700 § 2,673,500
Damage - Levee 55 AC 18,257 § 1,089,152 15.00% § 158,900 § 1,218,100
Acquire Permanent Conservation Easements 11.08 AC 7.000 § 77420 1500% $ 11600 $ 89,000
for Mitigation .
Acquire Temporary Wark Area Easements 87 AC 6400 § 62,080 15.00% $ 8300 § 71,400
SUBTOTAL b3 3,523,402 § 528500 $§ 4,051,802
Administrative cost of acquisition 1L8 528,510 $ 528,510 15.00% § 79,300 § 807,800
TOTAL LANDS AND DAMAGES $ 4,051,912 $ 607800 § 4,659,712
30 ENGINEERING & DESIGN
Flood damage reduction $ 2,641,250 10.00% § 264,100 $ 2,805,400
Mitigation $ 977,500 10.00% $ 07,800 $ 1,075,300
SUBTOTAL $ 3,618,750 $ 361900 $ 3,980,650
31 CONSTRUCTION MANAGEMENT 3 2,970,000 1500% $ 445500 $ 3,415,500
TOTAL PROJECT FIRST COST $ 47222482 $ 7.457,300 $ 54,679,782

48819
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TABLE C-1
Total First Cost (Selected Plan)
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Account Unit % Contg
Code Description QTY UOM Price Amount  Contg Amt Total
06  FISH AND WILDLIFE FACILITIES '
Surveying 118 770000 $ 7,700 20.00% $ 1,500 § 9,200
Mobiiization & Demobilization 118 106800.00 $ 106,800 20.00% $§ 21400 $ 128,200
Site Access 1LS 185,100 $ 185,100 20.00% $ 37,000 $ 222,100
Site preparation 11.21 ACR 26,521 $ 297,300 20.00% $ 59,500 $ 356,800
Levee Improvements 7 ACR 88,700 $ 620,900 20.00% $ 124,200 § 745,100
Excavation for Marsh Creation 951 ACR 92,513 § 879,800 20.00% $ 176,000 $ 1,085,800
Planting 11.1 ACR 12,054 8 133,800 20.00% $ 26,800 § 160,600
Erosion Conlrol 1L8 133,900 $ 133,800 20.00% $ 26,800 § 160,700
Monitoting 1L8 22,300 § 22,300 20.00% $ 4,500 § 26,800
SUBTOTAL $ 2,387,600 $ 477,700 § 2,865,300
11 LEVEES AND FLOODWALLS

Mob & Demob 118 $ 150,000 15.00% $ 22,500 § 172,500
LEVEES
Clear & Grub 25 ACR 9916.00 § 247900 1500% $ 37.200 § 285,100
Excavation, Common 33700 CY 1100 § 370,700 1500% 3 §5600 § 426,300
Embankment, Common 253600 CY 2700 § 6,847,200 15.00% § 1.027,100 § 7,874,300
Embankment, impervicus 50800 CY 30.00 § 1,524,000 1500% § 228600 $ 1,752.600
Stripping . 28500 CY 750 % 213,800 1500% § 32100 § 245,800
Geogrid 300000 SF 200 % 600,000 15.00% § 90,000 § 690,000
Viny Sheeling 166500 SF 30.00 § 4,885,000 15.00% $ 749,300 § 5,744,300
Topsoit and seeding 28.2 ACR 19360.00 § 545952 1500% $ 81,800 § 627,900
'FLOODWALLS
Excavation, Conttion 7500 CY 1100 § 82,500 15.00% $ 12,400 § 94,900
Filt 13500 CY 2700 % 364,500 15.00% § 54,700 § 418,200
Vinyl Sheeting 52200 SF 3000 § 1,566,000 1500% $ 234,900 § 1,800,900
Concrete {inci rebar & forms) 720 CY 45000 $ 324,000 1500% $ 48,600 § 372,600
Walers 3300 LF 4400 § 145200 1500% $§ 21,800 § 167,000
Struct Beams 3700 LF 6574 § 243238 1500% § 36,500 § 278,700
Topsoll and seeding 0.9 ACR  19360.00 § 17,424 15.00% $ 2,600 § 20,000
INTERIOR DRAINAGE
East Segment- Minimum Facilities
36" DIP through fioodwall 5LF 48400 § 2420 15.00% $ 400 $ 2,800
Excavation & Hauiling for pipe g CY 656 § 59 15.00% $ - 8 100
Backsill & Compaction 7CY 371 8§ 26 1500% § - 8 -
Manhole frame & caover 7 EA 74000 $ 5180 1500% $ 800 $ 6.000
Concrate for intetioutiet MH 1365 CY 54000 § 73,710 15.00% $ 11,100 § 84,800
36" RCP (incl 130F! from ditch drainage) 330 LF 81.10 & 26,763 15.00% $ 4000 § 30,800
36" flap gates 3 EA 1042033 § 31,261 1500% § 4,700 $ 36,000
36" sluice gate 3 EA 1447733 § 43,432 1500% % 6,500 § 49,900
36" X 36 trash rack 3 EA 738.00 $ 2217 1500% $ 300 § 2,500
60" RCP 300 LF 17870 § 53,610 15.00% $ 8,000 § 61,600
80" flap gate 3 EA 12954.00 § 38,862 1500% § 5800 § 44,700
80" sluice gate 3 EA 36195.00 $ 108,585 15.00% $ 16,300 § 124,800
60" X 60" trash rack 3 EA 152000 $ 4,560 15.00% $ 700 § 5,300
18" RCP 100 EA 2950 $ 2,850 1500% $ 400 § 3400
18" shiice gate 1 EA 8684.00 $ 8684 15.00% $ 1300 § 10,000
18" trash rack 2 EA 38200 § 764 1500% $ 100 § 900
Qutlet ditch excavation 3040 CY 658 § 19,991 15.00% $ 3000 $ 23,000
East Segment- 100CFS diversion .

; Excavation & hauling for cuivert 2780 CY 6.58 § 18,347 1500% $ 2800 § 21,100

d Backfill & compaction for culvert 2790 CY 370 § 10,323 15.00% § 1,500 $ 11,800
MH Frame & cover 3 EA 740.00 $ 2220 15.00% $ 300 § 2,500
Trench shield {supplied by contracior) 1 EA $ -
Dewatering 80 DAY 500.00 & 45000 15.00% $ 6800 § 51,800
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TABLE C-1
Total First Cost (Selected Plan)

Account Unit % Cont'g

Code Description QTY UOM Price Amount  Cont'g Amt Total
487 CMP - Interim drainage 300 LF 8460 § 25,380 15.00% % 3,800 $ 29,200
Precast concrete MH 5 EA 150000 § 7500 15.00% $ 1,100 $ 8,600
Reinforced concrete 10 CY 54000 $ 5400 1500% $ 800 § 6,200
80" RCP (in place of cuivert) 930 LF 17870 § 166,191 15.00% $ 24,800 $ 191,100
18" fiap gate - inside culvert 2 EA 6078.50 $ 12,157 15.00% $ 1800 § 14,000
36" flap gate -inside culvert 2 EA 1042050 $ 20,841 15.00% $ 3,100 § 23,900
Crushed stone 723 CY 20.00 $ 14,460 15.00% $ 2200 § 16,700
36" RCP 200 LF 8110 § 16,220 15.00% $§ ~ 2,400 § 18,600
36 " flap gate - outiet 2EA 1042056 § 20,841 15.00% $ 3,100 § 23,900
36" siuice gate 2EA 1447750 § 28,955 15.00% $ 4300 $ 33,300
36" X 36" trash rack 2 EA 73900 $ 1,478 1500% $ 200 § 1,700
Uility refocation 100 LF 100.00 $ 10,000 15.00% $ 1,500 § 11,600
Channel - vegetated biomat 1074 SY 570 § 6,122 1500% $ 800 § 7.000
Waest Segment - Minimum Facilities
1° X 24* DIP through floodwalt 5LF 107.60 $ 538 15.00% § 100 $ 800
2 X 60" DIP through floodwall 10 LF 83370 § 8,397 1500% $ 1300 § 9,700
Excavation & Hauiling for pipe 27 CY 659 $ 178 15.00% $ -3 200
Backfill & Compaction 21 CY 371 8 78 15.00% $ - 8 100
Manhole frame & caver 11 EA 74000 $ 8,140 1500% § 1,200 § 9,300
Concrete for inlevoutlet MH 2145 CY 540.00 § 115,830 15.00% $§ 17,400 $ 133,200
24" RCP 100 LF 4060 $ 4,060 15.00% $ 800 $ 4,700
24" Dia fiap gates 2 EA 8868.00 $ 19,736 15.00% % 3,000 § 22,700
24" shiice gate 2EA 1042050 $ 20,841 1500% $ 3,100 § 23,900
24* X 24" trash rack 2EA 47500 § 850 15.00% $ 100 §$ 1,100
80" RCP 700 LF 17870 § 125,090 1500% $ 18,800 § 143,800
60" Dia flap gate 7 EA 12954.00 $ 90,678 1500% $ 13,600 § 104,300
80" sluice gate 9 EA 36195.00 § 325,765 1500% $ 48,900 § 374,700
60 X 60" trash rack 9 EA 152000 § 13,680 15.00% $ 2,100 $ 15,800
Main Channe! - Minimum Facility
Box Culvert 3000 SF 5000 § 150,000 15.00% $ 22,500 § 172,500
Flap Gates (5) 5 EA 57600.00 $ 288000 15.00% $ 43,200 $ 331,200
Shuice Gates (5) 5 EA 144000.00 $ 720,000 15.00% $ 108,000 § 828,000
Trash Racks § EA 5000.00 $ 25000 15.00% $ 3,800 § 28,800
60" RCP 400 LF 17870 § 71,480 15.00% $ 10,700 § 82,200
60" Dia Fiap gate 4 EA 1285400 § 51,816 1500% § 7,800 $ 59,600
80" sluice gate 4 EA 36185.00 § 144,780 15.00% $ 21,700 3 166,500
60" X 60" trash rack 4 EA 1520.00 $ 6,080 15.00% $ 200 § 7,000
Manhole Frame & Cover 4 EA 740.00 § 2,860 1500% $ 400 % 3,400
Concrete for inletioutietMH 78 CY 54000 $ 42,120 15.00% § 6.300_$ 48400
SUBTOTAL § 21,308,110 $ 3,196,200 § 24,504,310

13 PUMPING PLANT - 1200CFS
Mob & Demcb 18 150,000 $ 150,000 1500% $ 22,500 § 172,500
Dewatering 118 100,000 § 100,000 15.00% $ 15,000 § 115,000
Cofferdam 1LS 65,000 § 85,000 1500% $§ 9,800 § 74,800
Vinyt Sheeting 1L8 150,000 & 150,000 15.00% $ 22,500 § 172,500
Check Dam (130°X 20% 2600 SF 25 § 65,000 15.00% $ 9800 § 74,800
Reno Mattress. 333 sY 45 8 15,000 15.00% $ 2,300 § 17.300
Crane (30T) 118 90,000 $ 90,000 1500% $§ 13,500 § 103,500
Misc. Building 118 150,000 $ 150,000 15.00% § 22,500 § 172,500
Trash Rack 1L8 45000 § 45,000 15.00% $ 6,800 $ 51,800
Steel 50000 LBS 28 92,000 15.00% $ 13,800 § 1053800
Piles (105 @357EA) 3675 LF 28 % 102,000 1500% $ 15,300 § 117,300
Concrete (Wall S50CY + Floor 300CY} 850 CY 435 § 370,000 1500% $§ 55500 $ 425,500
Pump Equipment 1L8 1,800,000 $ 1,800,000 15.00% $ 270,000 $ 2,070,000
Gates 1L8 210,000 § 210,000 15.00% $ 31500 § 241,500
Formed Suction Intake (4) 4 EA 45,000 § 180,000 15.00% $ 27,000 § 207,000
Fguws, <Ha.
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Total First Cost (Selected Plan) -
’?} : South River Flood Control Feasibility Study
.Acoount ' Unit % Cont'g
Code Description QTY UOM Price Amount  Contg Amt Taotal
Tideflex fiep gates 4 EA 18,750 § 75000 1500% $§ 11300 § 86,300
SUBTOTAL $ 3,658,000 § 549,100 $§ 4,208,100
15 FLOODWAY CONTROL AND

DIVERSION STRUCTURES
Barier
Shesting 180’ X 35 6300 8F 25 % 187,500 15.00% $ 23600 § 181,100
Backfil 35" X 35 x 26' 2000 CY 22 $ 44,000 1500% $ 6,600 § 50,600
Paving 230 8Y 78 1,610 15.00% § 200 § 1,800
Conorete 20 CY 450 § 8,000 1500% $ 1400 3 10,400
Bulkhead 1.8 315,000 & 315,000 15.00% $§ 47300 § 362,300
Sector Gate 35' X80 118 $ 8.?20.000 20.00% $ 1,740,000 § 10,440,000
SUBTOTAL $ 9,227,110 $ 1,815,100 $ 11,048,210
TOTAL CONSTRUCTION COST $ 36,581,820 $ 6,042,100 $ 42,623,920

01 LANDS AND DAMAGES

Acquire Permanent Levee Easements 253 AC 91,887 § 2,324,750 15.00% $ 348700 $ 2,673,500

Damage - Leves 58 AC 19,287 § 1,069,182 15.00% $ 158,900 $ 1,218,100

Acquire Permanent Conservation Easements 11.08 AC - 7,000 % 77420 1500% § 11,600 § 89,000

for Mitigation N

Acquire Temporary Work Ares Easements 9.7 AC 6400 $ 62,080 15.00% $ 9,300 § 71,400
SUBTOTAL 3 3,623,402 $ 628500 § 4,061,902

\ Administrative cost of acquisition 118 528,510 § 528510 1500% $ 79300 § 607,800
) TOTAL LANDS AND DAMAGES $ 4,081,912 $ 607800 $ 4,859,712

30  ENGINEERING & DESIGN

Flood damage reduction $ 2,641,250 1000% $ 264,100 § 2905400
Mitigation $ 977,500 10.00% $  §7,800 $ 1,075,300
SUBTOYAL 3 3,618,750 $ 361,900 § 3,980,650
31 CONSTRUCTION MANAGEMENT $ 2,870,000 1500% $ 445500 $ 3,415,500
TOTAL PROJECT FIRST COST $ 47222482 $ 7,457,300 $ 54,679,782

Ryore 6
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CONTINUOUS VINYL
SHEET PILE WALL
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SOQUTE RIVER FLOOD CONTROL PROJECT - GEOTECHNICAL SUMMARY

INTRODUCTION

The South River Flood Control Project [Figure 1) extends sSouthward fron
the coniluence of the South and Rarit Rivers upstresm to the Memorizl
Bridge (State Route 3£3) linking ¢t Boroughs of South River and
Sayreville. The projec:t area includes the Washington Canal, which was
constructed by privetsz interests in the 1830’s as part of =z larger
navigetion project designed to facilitazte movement cof brick, hollew
tile, sand, clay, crushed stone and cczl to and from New York Hzrbor.
The czmzl and river ears used today for small recreaztion bozts and the
originel industries no longer exist.

The cbjective of this Rppendix is to cafine the charzcter
soil and/or rock that underlie the rroposed levee-ficodw,
so thz: these factors can be incorgorated into cpreliminary
loodwzll and gate desicgn.

[N

PEYSIOGRAPHIC SZTTING

The prsiect is located zlong the western edge of the Coastzl Pl
Phyvsiogrzphic Region. The Ceoastal Flzin is z gently seswazd-slepid
surface overlying pcorly consolidztzd sediments
5 &ge. These sedimentary strztes form & southeszstward-
ng wedge of sediments that excessds 2,480 feet {753 meters) zlen
the cozst. The sedimentary wedge thins and eventuzlliy pinches-out ©o
the ncrthwest where it unconformassly overlaps the strztz of the
Southers Piedmont and Newark Basin.

1
3
[1]
"
ot
HH
i
H
<
O 1w
Hi

United Stztes Geologiczl Survey (USGS] maps indicate
Formaticn (Upper Cretaceous) should underlie the
“Rexitan” is described zs massive, cress-bedded, guars
thick clazyey silt beds and thin silt-clazy lzminati
Quaternzry (Holocene &and Pleistocers) deposits i: iing c¢lacial
fluvizl znd shallow mzrine sediments overly the Rariten Formaticn i
the recion. The near surface sediments that cccur in the project
are fluviazl, sands (i.e. point bars) <Zeposited by thz South River
organic silt, clay, end peat layers that heve been deposited in
marshy zreas adjacent to the river. ’

SUBSURFACE EXPLORATION -

A subsuxface exploraticn program consisting of fifteen {15) berings was
preparsd to evzluate subsurface conditions along the proposed leves-
floodwzll zlignment (Figure 1}. Thirteen (13) borings were spaced
approximstely 800-1000 feet apart zlcng the proposed levee-iloodwzll
alignment and two {2) borings were lccated 2t the proposed Floodgate
nezr the Memorial Bridge (Highway 532). Borings cbtained f£rom the
Department of Transpcrtztion yielded detailed subsuzface informztica
along the Memorial Bridge segment and two of the proposed borings weze
eliminszed.

¢ methods and procedures (140% hammer, 307
inch OD split spoon) werz emploved to cslles: continucus
=] ! i

a depth of sixteen (15; feet below grazde. Intermittent
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samples wera collected between sixtesn feet (16’) and total depth of
thirty-seven fest (37/). Samples were described &ccording to the
Unified Soil Classification System &nd minor components were quant
according to the Bermister method. Berings obtazined as part of
project znd selected borings acguired irom the DOT were drafted ini:z a2
standard formet and zre attached.

Representztive disturbed (split spocn} soil samples were selected Zfor
testing which included g¢rzin size distribution, moisture contant,
specific gravity, unit weight, liquid limits, znd plastic limits. The
results are summarized below in Table 1.

TABLE 1. SUMMARY OF DISTURBED SAMPLE TESTING

Baoring |Sampie |Depth, |USC 1% % % |Moisture Atterberg |Specific
(ft) Class CGravel |Sand |Silt+ |Content {Limits Graviy

Clay % L PL PI

SROQ-1 |4 6-8' ML 5 g5 |32.3 40 |26 |14

SR 00-1 |8 14-16' |SP-SM 95 5 14.5 2.67

SR00-2 |2 2-4' SC 19 63 18  [10.1

SR 00-2 |8 14-16"  |PEAT 21 7¢ 188.3 88 {75 |13

SR 00-3 ¢ 18-21  ICL-ML 20 80 |26 25 112 |7

SR 004 |4 - 68 MH 10 g0 (111 B4 |38 |25

SR 00-5 |3 - {48 GC 56 27 17 |26.¢ 2.51

SR 00-5 |6 10-12"  |MH 2 28 |80.8 64 |37 |27

SR 008 |7 12-14"  |SM- 3 67 30 |22.6

SR 00-6 |11 298-31" |SP-SM 5 S0 5 17 2.67

SR 00-9 {3 . 4-5' GP-GM 54 38 10 (8.7

SR 00-8 |5 8-10 SP-SM e5 5 25.2

SR 00-1013 4-8' SP-GP 45 2 3 7.6

SR 00-1018 14-16 SC 77 23 |68.3 46 127 |1¢

SR 00-10{11 29-31 CL 4 6 1281 49 127 122

SR 00-1142 2-4’ SP-SM 2 €3 5 29.1

SR 00-1213 4-8' SP-SM |4 1 5 17.8 2.71

SR 00-1315 8-10 SP-SM 23 7 17.9

SR 00-15|3 4-8' CL 2 28 |24.9 40 {24 {16

SR 00-15]10 24-26" ISM 85 15 |14.5 2.58

(Elevations (NGVD) that correspond to the depth intervals tested ars
shown on boring logs (Plazn Sheet 14}.)

Undisturbed (Shelby Tube) samples wers recovered frem fine-grained
{8ilt and Clay) =zones. These undisturbed samples were tested for
consolidatien and sheer strength (triaxizl test). Constant head tests
were conducted in pervious, coarse-grained. (Sand and Gravel) strate to
determine permezbility. These test were selected for the purpose ol
evzluating levee and wall stability, leves settlement, and the
potentizl for seepage under the levee (underseepage). The result cof
these field-t'ests and an analysis ¢f the undisturbed samples is
sttached.

IOCAL SITE CONDITIONS

Soil Profiles A-3, B~(, znd C-D were constructed from boring logs to
deternine the elevation, thickness znd continuity of soil units that
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samples were collected between sixteen feet (16’) and totzl depth cf

thirty-seven feet (377). Samples were described according to the
Unified Scil Classification System and minor components were guantified
according to the Bermister method. EBcrings obtained as part of this

projest and selected borings acquired from the DOT were drafted into z
standard format and are attached.

Rerresentztive disturbed (split spoon) soil samples were selected for
t ing which dincluded grain size distribution, mecisture content,

ific gravity, unit weight, liguid limits, and plastic limits. The
T re summarized below in Table 1.

TABLE 1. SUMMARY OF DISTURBED SAMPLE TESTING

Boring |Sample [Depth [jUSC % % % |Moisture |Atterberg  |Specific
() Class Gravel {Sand |Silt+ |Content |Lirnits Gravity

Clay 1% LL PL PI

SR00-1 |4 6-8' ML 5 95 |32.3 40 {26 |14

SR 00-1 |8 14-16" |SP-SM 25 5 14.5 . 2.67

SR 00-2 |2 2-4’ sC 19 63 18 1101

SR 00-2 |8 14-16" PEAT 21 79 68.3 88 {75 |13

SR 00-3 |@ 19-21°  [CL-ML 20 80 |26 28 12 |7

SR 004 |4 - 6-8' MH 10 0 111 64 138 |25

SR 00-5 [3 - |4-8' GC 56 27 17 |28.8 2.61

SRQ0-5 6 1012 |MH 2 98 [80.8 64 137 |27

SR 00-6 {7 12-14"  |SM 3 67 30 2286

SR 00-6 |11 29-31"  |SP-SM 5 ) 5 17 2.67

SRO0-€ {3 . 4-6' GP-GM 54 36 10 187

SR 00-8 |5 8-10 SP-SM 25 5 25.2

SR 00-1013 4-6' SP-GP 45 52 3 7.6

SR 00-108 14-16 SC 77 23 |68.3 46 127 118

SR 00-10]11 29-31 CL 4 96 ]28.1 40 |27 |22

SR 00-11)2 24" SP-SM 2 83 5  |29.1

SR 00-1243 4-5' SP-SM |4 21 ] 17.8 . 2.71

SR 00-13|5 8-10" SP-SM 23 7 17.9

SR 00-15]3 4.6 CL 2 g8 [24.8 40 |24 |16

SR 00-15]10 24-26° |SM 8% 15 1145 2.58

(Elevations (NGVD) that correspond to the depth intervals tested ars
shown on boring logs (Plan Sheet 14).)

Undisturbed (Shelby 7Tube) samples were recovered from fine-grazined
{Silt and Clay) =zones. These undisturbed samples were tested for
consclidztion and sheer strength (trisxial test). Constant head tests
were conducted in pervious, coarse-grazined. (Sand and Gravel) strata to

determine permeability.  These test were selected for the purpese of
evaluating levee and wall stability, levee settlement, and the
potentizl for seepage under the levee (underseepage). The result of

these field-tests and an analysis of the undisturbed samples is
attached.

LOCAL SITE CONDITIONS

Soil Preofiles B-B, B-C, and C-D were constructed from boring logs to
determine the elevation, thickness and continuity of soil units thet
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occur zlong the proposed alignment (Figure 1). s
similar foundation characteristics (ie Organic §il

Clay, and Pezz) and hydraulic chéracteristics (i.e., Po

Sand, Well Crzded Seand, Poorly Graded Gravel and Well Gr
eva ¢x ouped together in order to simplify correlati

ate CGeotechnical Aneslysis. Othe* factors <considered in

ting the logs were coler and soil density.
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South River Segment

Soil ©Profile 2A-3 (Figure 2) was constructed to illustrzte the
stratigraphy that occurs along the proposed alignment in the South
River portion of the project. This stratigraphy can be subdivided into
four mejor units that include the following:

Brown, Silty Sand and Gravel (Fill)

Dzrk Brown to Black, Orgenic Silt and Clay {
Loose toe moderztely dense Brown Sand (Fluviz

. Dense to very dense Gray Sznd (Raritan Forma

.

ESSEVVIE N )

[
[P
[o]
e
[}
[g e}
H
[
14
v
0 ~
n
D
o
n

The upper surfzce of the dense ¢ray sand

rk
o]

ke an erosicnal unconformity. During n
River cut (incised) its channel into t 2l
nas risen the "ancient” channel and th
fluviel sands and fine-grained marsh deposits ad
Fezt). Urbzn expansion into the flood gplain is e by
significent £il1l  material that nezmzlly caps the s ic
seqguencs. The proposed levee~floodwzll alignment cresses low=
lying, marshy ereas where f£ill msterizl is not presen:z. Constr on of
the leves and wall in these areas will present signifi ering
and construction challenges. The settlement problems that the orgenic

layer presents will be addressed in z later section.

Memorial Bridge Segment

o}

i1
:2 14 E

Profile B-C (Figure 3) was constructed to illustrate the
ti¢raphy that occurs along the portion of the zlignment that ru
allel to Stazte Route 535 and zt the propossd flocdgate coossing th
th River nezr the Memorial Bridge. The strztigraphy of ths Memor
idge Segment can be subdivided into five major units which incl
following:

"
0

(33

£ e

3 H

gmmnu o
] b

Brown, Silty Sand and Gravel (Fill) .
Dark Brown to Black, Organic £ilt and Clay (Mzrsh-Hclocene)
Loose to moderately dense, Brown Sand (Fluvizl-Holocsne)
Stiff to hard, blue~gray-blk 5ilt/Clay (Overbank-Holccsne)
Dense to very dense, Gray Sarnd(Raritan Formation~Cratzceous).

.

W W by s
.

Profile B-C is aligned perpendicular to the South River Channel/Flood

lane znd shows significant geomorpheclogicazl characteristics such as
the existing channel, abandoned channels, zand natursl levses. The
Organic $ilt/Clsy and Peat Layer is relatively thick (15-20’) on the
Scuth River side (B) and thins dramatically to the west or Sayreville
Side (C). The levee segment that runs parzllel to State Zoute 535
overlies the thickest part of the crganic Silt\Clay laysr and heas
significance in terms of settlement which 1is discussed in 2 later
saction.
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Sayreville Segment

Spil Profile C-D (Figure 4) was constructed to

stratigraphy Ghat coccurs along the Sayerville segment
floodwall system. The stratigraphic units observed in
segment are the same as those observed in the Memorial Brid

Although the strztigraphic units are the same as those observ in the
Memorizl Bridge Segment, their i distribution (depth, tiaickness

and continuity) is significantly Zarent. The loose to nccer=ge‘v
cense, Brown Sand ils present &t he surfece throughout mos:t of this
rzach as opposed to being covered by the orgenic Silt/Clay l;* i T
cther two segments. The organic $ilt/Clay layer acts to some Zagr
zn imperwvious Llznket that may help to prevent under seepzgzs in the
cther segments. Constant head tests indiczte that the Brown sznd has
relatively high permeability and that under seepage may be & mzjor
considerztion in the finazl design of this segment. Se:tlemE'- will be
& less significant problem in this segment. . Sespzge, s —ent and
stability analysis a2re addressed in the following segments.

STABILITY ANALYSIS

s wes performed for the 1evee saction loc

Stebility znalysi zred wit!
soil prefile A-Z using UTEXAS4 (Corps zprlicaticn). The s=2cticn used
in aznalyzing slecge s;abllxuy congists c¢f the ‘c;lowﬂnc soil strazas

IEVEE FILL MATERIAL
Unit Weight =125 pcf
cohesion = 100.0

Friction angle = 34°

FILL

Unit Weight =110 pcf
cohesion = 0.0

33.0°

Frictien zncle

CLAY/SILT and PEAT
Onit Weicgh: =102 pcf
cohesion = 1006.0

#
w
iy

°

Friction angle

FINE TO MEDIUM SAND
Unit weight =115 pcf
cchesion = 0.0

Friction angle = 33°

The stability znzslysis was performed with two types of fzilure
surfaces. One surfzce was the circular surface and other was the non-
circular surfdce. The water level or piezometer line for the lzvee
ssction was taken at twenty (20) feet mezn sea level (msl) at riverside
and at three (3) feet msl at landside. The piezcmetric line zt the
these elevations ere known as the rzpid drawdown condition which is the
most critical for a stability analysxs.
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UTEXAS4 (Corps applicztion) was used to compute the lowest sala:
fzctor utilizing *he sezrch method cf fzilure surfaces for bez:

rcular and nen-circular surfaces. Both failure surfaces be

ddle or near the bottom of the SILT/CLAY stratum. The lowes: safety
ctor for the circular failure surfece is 1.511 (ses figure 2). The
iowest saefety Zfzctor for the nen-circular failurs surface is 1.862 (see

figure 6).

The SILT/CLAY stratum is present zlong most of the levee zligm=snt.
Tnis type of stratum provides a2 pocr foundaticn. To improve
rerformance, & geotextile would be placed at the bazse of the
This subseqguently lowers the stability factor of. safety. The
szfety as comuutac from 2 single tube sample cf SILT/CLAY was
This factor of safety may not reprssent the entirs sllcnmcﬂt. In this
anzlysis, the lzboratory testing for the szample had to be extrazpolated
to cther azreas of the project. Additionszl samples and testing will be
needed to zcquire more data in the SILT/CLAY strzta.

SETTLEMENT ANALYSIS

Szttlement snzlysis was computed

ueing soil lozds from the leves m

to determine the zmount of settlem

Corps applicati CSETT was used

zaterizl within the silt/clay stre the s

lzyer was on the crdex of 10 feet thick and lt ’s consxce*ed z
cempressible scil. Consolidation test data was obtzined from z tube
szmple in borshcle SR-14 at a d h of nine (%) feet below the surface.
The void ratio znd lozding press datz was usad tc obtsin 2
censolidation cuzve.

Effective unit weight = 37.7 pcf
Re-comprassive index = 0.01700

Coefficient of consolidation = 750 sgft/ye:z
Drzinage Condition = double drain

tt

The zbove paramsters were determined from the lzberatory testing on

=be sample frem boring SR14 (see figure 1). The rate of consclilidation
c_lculagzons for the settlement was periormed for time internelisz of .S,
i, 5, 10, 23, and 50 years and ere shown in pages 1 thru 13 of the
znalysis secticn.

The highest settlement computed was 0.128 feet for the 10-year
interval. The rosition-or location of the settlement was at 30 feet,

nezr the center cf the levee. The height of the levee zt this zoint is
egual to 20 feet.

Locztions whers thick SILT/CLAY layers occur are considered to have
cotential setflement problems. Settlement in excess of 0.128 fz2f may
cczur. These azreas may require vinyl sheet piling (extended tc top of

levee) to protect against excessive settlement.

s recommenced tnat additional undisturbed szmples and consclidation
s be perf rmed. This will provide z more ccmplete settlement
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enzlysis and better design.

Sserege znalysis was performed for levee sections in Profiles A-2 and
C-2 using LEVSEEPSS (Corps applicztion): ~A mors detailed seepazs
znalysis using the GMS 3.1 program was used in Profile C-D.

The proposed leves saction (Prefile C-D) is located directly on top of
two parvious sand strate resulting in & high potential for under
saepage.

In Profile A-3 the s s between z fill layer axd a
fine to medium saﬂd £i undernezt: the
layer is

The following permesbility constznts were used in the seepage anzlvsis
for the two soil profiles:

FILL

k= 0.01 cm/sec

SILT/CLAY LAYER

k= .00001 cm/s=c

FINE TO MEDIUM EAND

k=0.042 cm/sec

DENSE TO VERY SAND

k=0.022 cxm/sec
The permeability constants for the zbove soils except for the fill were
cetermined from grain size analysis curves. The two constants I2r the
sznd layers were calculated frem Hazen Formulz using the D10 dizmeter
size and Table 3-4. The constant for the clay/silt layer was estimated
from Figure 2-4 in EM 1110 -2-1%501 SzZEPAGEZ DESIGN AND CONTROL FCR DAMS.
The permezbility constant for the Fill was determined by a boreizsle
f£z2llinc head test at five feet bkelow the surfzce.

licat e mathematic principals for

c—‘c,l-t ng the underseepage as presented in EM 1110-2-1913 DESIZEN BEND
CONSTRUCTION OF LEVEEZS. es of sespage and exit gradients for
the two profiles with and without a cutoff were calculated. Ths depth
of the cutoff in both profiles is n;pe (9) feet from the bass cI the
levee. o ’

The seepage quantities and exit ¢radients are &s follows:

SOIL PROFILE A-B

No Cutoff

Q= 171.4 com/100 feet of levee
Iexit = .603

9 foot Cutoff

O= 152.41 gom/100 feet of leves
Jexit = .337
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SQIL PROFILE
No Cutof
Q= 124.7%

Iexit = .681

c-D

¢ foot Cutofi .

C= 122.22 gpm/100 fset 2f leves

Iexit = .3507
The abcve seepage analysis feor both prefiles is shown in figurss 7-10.
GMS 3.1 generztzd z flownst znd determined the seepege for ths laves
secticn in Profile C-D. This profile was considered the most critical
for sszspage do the two pervicus sand layers underneath the levee
glignment in this profile. The tctral szepage rate from the fiow net Is
0.008 cubic feet per seccnd (ci/s} for & one (1) foot section of leves.
The exit gradisnt Ie was graphically estimated to be .25 (Ses Iigurss
11-12). The flow net was gensrated with a 9-fcot cutolf and ne
underiying T/CLRY strazum.
Rdditicnal felling hesd zility tTa2sts shzuld be gerfcrmed
during the next phassz oI cz. Tests shouls be performed in
both sznd layers to determ eld permesbility of eszch layer and
to dszsrmine the location grvious toundary within zthe strazs
cccurring along the levee
SEEPAGEZ ANALYSIS OF THE FLOCDWALL
CIRAG the
£loods the
see cns
in ar Y and
layers. The seepage flcw was d te be . feer ger
second (sf/s) with an exit gra I .413. The eadwater
force on the riverside is 3035 pounds (lbs) z latersl
tezilwezsr force on the landside 434.8 1ibs. The the wat
pressures is shown in figure 3. .
The szme recommendation for additicnal field permesbility ctests in
borehciss that apply for the lsvees weould alsc apply for the £locdwalls.
BEARING CAPACITY OF THE FLOODWALL ANCHOR BLOCXK

R ] -

The centinucus reinforced concretsz focting which sugperts the IZlocdwall
strucs must be designed ased cn structural requiremsnts  end
geotschnicel ccnstraints. £ bearing capacizy analysis elong with =
sattlement anelvsis will ke rsgud j roper footing size and
depth. This especially would e the soils arz
found %tz be unsuitable for fzu he ancheor fcoting.
The design of this footing iz dezailed supsurfacs
investigation including suffizi testing in ordsx
to dezermine the approrriate £2i in this desigm.
This will be zccomplished duzing d design pheass
of thiz project. Soil rezleacss or £oundatiscn
supper: methods may be ixplemsn contingencies
hzve bsen included to address this.
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RECOMENDATIONS AND CONCLUSTIONS

The strztigraphy that occurs along the groposed flood corntrol syscem is
reletivsly diverse and complex. Due to the straiigraphy and solil
chéracteristics et the individuzl units, sicnificant suszbility,
settlement, and sespage preblems will nsed to be addressad in the next
phase o design. The results of this inwvestigation dictate the nsed
for severzl additionzl borings, field, and lazbcraztory tests.
Scuth River Segment
Borings were acguired in zrezs that wers accessible to & truck mounted,
c¢rill rigz. In 2ll of the borings the crganic silt layer was covsrad by
£ill metzrisl. Due to the load of the f£ill on the organic layer it mey
have cznsolidatad and/cr compressed to some cdegrsae areszs
1 lignment the organic layer has not been 1 and
12 d samples may be necessary ztely
and ssttlement. Five addizicn 1d ke
at i ¥y and
iz To
{RTV) cr
The borings aczuiress from the Department of Transportetion ars adeguszte
enough to csfine ths stretigrsshy along this segment. EKowever, three
additionel berings {two levez and one flocdgate) and undisturbed
semples should ke acguired =&long he =alignment to better cdefine
geotechnical paramsters (consclidation and shser streagth) gpriecr to
£inal design.

Sayreville Segment

The prcrosed leves zlignment crosses significant wetland zrezs (betwesn
borings SR 00-10 and SRO0-13). Boriags SR 00-11 and SR 00-12 wexe
zcguired .along the edge c¢f roads that were built acrcss the wetlands.
The sediments underlving these wetlands sre thcught to dbe predominently
sand. However, two {2} additionzl borings should be zeguired to verify
the strstigraphy. Rdditional testing should be conducted to bettsr
define permeability and the potentizl for under seepzze prior to final

i
design. An ATV or tripod will be reguired to cbtain zdditionszl date in
these zreas.

Althouch the Organic Silt layer is less continuous zné much thinner

i
the Savreville Segment it may be significantly thicker in the vicinity
cf the proposed floodgate. The organic layer is zlso present in the
vicinity of the proposed levee and floodwzll that runs &long- the
rerimetsr of The Sszyreville Pumping Station. In orzZer to zdeguately
define the stratigrsphy and geotechnical parametsrs <thrse (3)
additicnzl borings should be zcguired in these arezs prior to final
design. Additionazl permezbility tests will b : fine
a

to medium sand and dense sand strata.
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LEGEND

proposad levas ol Formant

Proposed £iowdval ! ol ignnent

Berings qcmuirsd o5 part of
his report

sorings acauired by the 00T
for construction of the
Street Bridggs §r 1972, g
bocings were recrafted for his
report.
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LEGEND
P

m_\Q&..X.‘ w..,m:\« SAND ond GRAVEL (Fill)

B

<mw%;.%,¢m+. dark brown to black. Orgonic SILT AND CLAY -
with ¢ceasional Pect Layers :
LE.
&

Very SHi#f o hard. blue-gray +o brown SILT AND CLAY

Loose 1o medium dense, fine to coarse. brown SAND

Dense *o very dense. Fine to medium. gray SAND

SOUTH RIVER FLOOD CONTROL
Seit Profile A-B

SOUTH RIVER SEGMEN

Figure 2.
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Sof FROFILE B - ¢

T

e

LiirERE|

LEGEND

Brown. Silty SAND and GRAVEL (Fil})

very soffy dark brown +o black. Organic SILT AND CLAY

. with occasionct Peat Loyers

very stiff %o hard. blue-gray fo brown SILT AND CLAY

SOUTH RIVER FLOGD CONTROL FROJ
Loose 1O dium dense, fine fo coarse. brown SAND .
) Soil Profile B = C

MEMORIAL BRIDGE SEGMENT
pense 10 VOry dense. fine fo medium. groy SAND phle

Figure 3.
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SUIL PRopj g C - D

SR B84

Sebea e

v

LEGEND

Brown, ¥y SAND and GRAVEL (F

Very soft, dark brown to black. Organic SILT AND CLAY
with cccasional Feat Layers

Very stiff to hord. blue-groy o brown SILT AND CLAY

LoOSe to medium dense. fine T coarse. brown SANp

0ense +o very dense, fine to medium. groy SAND

SOUTH RIVER FLOOD CONTROL PROJE(
’ Soil Profile € ~ D

SAYREVILLE SEZGMENT

Figure 4.
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SOUTHRIVER
£

_EZVEE SECTICON ALONG SOUTHRIVE

LOOD CONTROL PROJECT

T
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£23
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SOUTH RIVER FLOOD CONTROL PROJECT
SEEPAGE ANALYSIS

LEVEE SECTION ALONG SAYERVILLE SEGMENT - SOIL PROFILE C-D

" 9FOOT CUTOFF

-1k -132 -E§

X-LOCATION  Y-LOCATION
~Z

ess return to continue ...

LEVSEEPS5 PROGRAM
FIGURE 8 ' .
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SOUTH RIVER FLOOD CONTROL PROJECT
‘ SEEPAGE ANALYSIS ‘

LEVEE SECTION ALONG SQUTH RIVER SEGMENT -PROFILE A-B

. NO CUTOFT

AR R AR A e TR QRO

A e S T
A

T on i Wit IR e Tt ey
N 'f:‘-w:z =
)

R
2

LEVSEEPS3 PROGRAM

FIGURE 9 -
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Plot of Water Pressures

0.0 ~
A ——
~ 0.0
187.22 1248.0
1528.8 1528.8

FIGURE 13

Page 1
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590444

J I

17

)

192534

£.EvATION | DEPTH .o_v_s;5§ LEGEND CLASSFICATION OF MATERILS (Crateg; "ma'g:f ;ﬁfs.awng
b ¥ l3E Deseription) weraring, e, I significers)
&2
5] Gray-dbrown. fine-med. SAND. scme Siit [
o T 1 '_.j(z__ $1 amd Clay. +race fine Grovel {SM) 0.0° 1
L10.0 + - — 10. !
0.0 g isz Ten=dbrowr, Cloyey SILT. *roce fine 5
- T 0 = Gravel (ML} , [
N T4 = Tan-prown. Silty CLAY. trace fine 8.0 s
L. 45 4eds3 . p Troce orgonics -
e 3 Grovel {(CL) -
" y =] [
) -
L 5.0 g :;@/
L 4 : .
- 12 B :
| A 4 : - 2.0’ L
10 = Grays very fime SAND and SILT (SM) X
- T EHoss 7 :
- 0.0+ 12 +% 0.0' -
) gy - ’ Gray-brows medium SAND (SP) X
- T 13 s - 5
i i z = e » g 3
14 . o o|Brown-groy fine-coorse SAND. trace 2-0 -
- =15 "‘?@" ° ISiit and Cicy (S¥) s
L 116 =2 6o o o
o o b
b - — ~5.0° N
5.0 17 I + . JYeliow~grcy. fine-cocrse SAND. trace 5.0 -
I - 18 o * * iGrovel (SR} s -
L 119 & - PR s
2 . .
- 120 EETLL. s
L 21 1. L
~10.07 22 T Fs Ye!low-grey. fine-coarse SAND (S#d -10.0 L
b -e ettt ae e 9
23 = L% i
- - 24 0® o L
L 425 .%S\Qﬂw‘o L
-] -3 f
5 126 = {ea o -
— - h—— &l - -
15.0 g; — oo .
— e — o e
L i g 0 eo o
2J —‘h;- aa ©
- + 30 -:iSHQ Y
- . 3'] co o
-20.04 32 05 ...
L. - I . L
gg’ o °e° °
fow e R S &
D= ee o
i 135 e’ ,
- 4+ 36 HuE 222 D = -24.0
-25.07 37 b
§8 o pEPTH] USCS |% 6|7 § [= F JLLipL]Piin w2o| s
39 1
4 JEI—
&? . §-~3°1 ML 5 | e5 |dojzsi14] 32.3
4'2 — N | 25| 8 14.5 [2.67)
43
44
45 1
46 +—
a1 5
48 +—
49
b
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SR 00-/

Q Q

092652

7.0 |

5723780

SLEVATION | QEPTH

SAMPLE
HUMBER

LEGEND

CLASSIFICATION OF MATERIALS
tDeserigtiont

REMARKS
€Orlittng e warer 1658, 2D o
weglering, el I stgnificsrs?

Red-brewn medium SAND ong GRAVEL.
trace to tittie Siit  (SM=GM) 5.0

i

Red-brown medium SAND. scme GRAVEL.,
trace Silt (GW-SW)

¥
LY

‘v-

Red. mecium—coarse GRAVEL tittie to
seme fine Sand. trece to little Sii4

w
n
N
L3

-

(CM)

TR

T
)
WO ~NOU LGN

I

Red-brown. fine-medium SAND and
Grovel., some Silt (SM=CGM)

“}‘J“nu
I
N

Red-brown to black. fibrous orgonic
SILT gne¢ CLAY. troce Fine Send
(OH=-MH]

L]

'
P b b = b e b e od oy b
OWO-JOUIDHWUWN O

T

DD DD SN I
WO~ UMLAWN =20

+

3 J 7,
3\5.8///
L1 0. 0 E /; Bleck. fisrous orgemic. Cioyey SILT
L - 7, {CH)
L R s 70
| 7/
2 21 +— //
i 22 5 4
=15.07 = " |lichT brown., medium—cocrse SAND (5P)
- 124 £ ..
5 425 .
- 126 F=sid.""
F-20.07 27 +—.°°
I : gg ::: ° .o o|ReS-brown. fine-cccrse SAND. tittie
2 R 36 - acﬂ Gravel (S¥)
KKK o
- - 31 '1%531 oo
~25.04 32 .0
T b gi’ T .. JWnite-lignt brown. medium SAND (SP)
- 4 35 :“ .-
L 1 36 -3%512‘_.
30,07 37 &7
38 +—
39
I~ gLEv.iuscs {w 6l% s 1= FoLLiPLlPTn H2olse
=
+— 2-4’] s¢ |12 |63 |18 10.1
B S — 4~1§] PEAT 21 | 7¢ |88|78]13] 63.3
L 44 ]
o

Troce csphclitic -
meterigl

3.0°
Brick Fragments

LR R B A0 B 2 i e 2 e 2t e e B e s i R

LIae e e e

-21.0'

-26.0°

-30'0'
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469

292010

SK
/» P
O 8 / . ] .
LEVATION | DEPTH 9.‘-252; LECEND CLASSIFICATICN CF MATERIALS (Oritteg ,,,,:f;;“,’;i ol
<123 [ weditering. efe. If signira)
wZ
= PR - Brown SAND and Clevey SILT. troce Brick frogments L
- 5.0 1T S Gravel  (SM=ML} r
- A 2 14 N
R L3 s 3.0’ [
2 I Brown—gray SAND cnc GRAVEL. fittie 3
] T 2 B Silt  (SM=GM) [
Rock Fragments 5
L 0X0 - ? __;__sa Brown SAND and SiL1. trace Grovel ’ )
3 ] =] (SM-ML) s
= + 8 = Brown-bigck Cloyey crgenic SILT (OH) 2.0 A
vt - M -
5 1 e s //;/ ey -
= i 1 4.0’ 5
N 10 = Grey=blacks Clayey SILT. tittie Sonc 0 [
--5.07 11 —%s8 cng very fine Grevel (ML) 3
- 112 .
- < 13 dedds? .
1 3
L 114 -8.0'
L 415 [lsa Brown=dork gray Siity Clay (CH) X
~10.01 16 = !
- - 17 - Siiants . 3
- + 18 <+ ightly migcccecus .
- 118 Lo :
L 120 B ;
15,0+ 21 r‘; / F
— ’ -
i 722 o Ten To orange. very Fire San0. Tiirie| 16-0 C
" 123 +o some Silt (SM) L
. 122 .
Ny g
-20.07 26 iz;i :
» 1 27 +— ) )
o~ -
[~ b 22 = " lgrey fine-medium SAND. ircce Silt cnc 22.0
B 1 2¢ 1 1..7. lerovet (5P
- 1+ 30 4 ..
-25.01 31 251 - -,
5 132 BELUT.
- 133 - ...
- + 34 b — . .
5 135 = |- -
—30.07 36 Hrr—,. .
= 1 37 &5y T
i 13g K i ~32.0°
5 i35 I ‘
40 I ELzv. | UsSCcs | % G|% S = F |LLPLipt]n Hzolse
44 [T CL~ML[19-21 20 |20 |2s|ig| 7 ]26.0
42 5
43 L
44 [
45—
46 1
47 +—
48 L4
45 T
—
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470

091603
224891

/.
6 9 O .
&
ELEVATION | QEPTM 5—7—.‘—‘%% LEGEND CLASSIFICATION OF MATERIALS toritng i waner oce, ceen o
; g 10ezzription? weattering, s, I sioriftaeoe]
20 Js & JLignT —Qork Dr Gwn. Med;um-Coorse SAND 1
- 5.07 1 1EiSY,°,%‘lsome Grovel. trace Siit & Clay (SW) a0 s
: g ezl © Light-dark brown. mecium-coorse SAND " s
° B .%o “lond GRAVEL. trace-titiie Silt (SW-GW) s
v T 4 o e s s
1 5 pEmsse e -
F1 1 o of 0’ L
- 097 % "‘r’@ Moist. brown. Cloyey orgonic SILT. Kign!y fibercus [
I~ 8 + ./// troce Sond (QH) -2.0° ey . e .
- ] LY g — - : i
L 1 o I £1°,°, Joray. fine-med. SArfO and fine GRAVEL Sheiby Tube 8'=10° F
A 11 /™o o (SW~Gw) -4.0 -
T P
L 5.0+ 11 sel . . [Gray-lignt brown. fine SAND (5P) [
L 12 = - s
- 713 — .. E
- - 14 - Y 3
- .. F
- 115 =1, r
~10.01 16 =sTL".", :
o + 17 . . -
L 4 f— - -12.0' 3
] 12 - « « |Groy=lignt brown. fine SAND. irgce 2.0 -
- ;5 T} - o little STIt  (SP-SM) Z
~15.07 21 FwoolT !
B 22 L} . - -
. 4 I : ~17.0" .
gi 4 1,7, [6rey megium~cocrse SAND. frace Silt 0
55 =+ - 5Py -
--20.07 26 1S9t .- .
L 127 E— s
R 128 < s s L -22.0' 3
i 159 1 7 ¢ e Ton=lignt brown. fine-medium SAND.~
35 ] " |troce to tittie Siit (SP-SM)
L g - ..
['Td .
-2s.01 31 @p19 L.
. 4 32 R . -
2 + 33 b — . .
| 434 £ 1 ..
- 135 mmtl
F~30.01 36 sty - - ,
B 137 Em 0 =~-31.0
- 138 5
38 1
40 1 erev.Juses Tx 6lz s [2 ¢ JufpL]Pi]x nzolse
47 68| W 10 | 90 |64]38|25] 1117
42 =
43 =
44
45 1— .
46 —
47
48
a9 5
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471

290056/

/.
| H25404
L] . i {
ELEVATION | DEPTH 5%.‘—452‘ LEGEND CLASSIFICATION OF WATERIALS m,,,qu,:f;‘:“iiww
3 § Deseriptiant wehering. ale, i significers)
g Fine-medium SAND. some Silt. littie 1
r3-0q ; mby Gravel (SM) Z
o - ~ -
- £ 32 R B Brick fraogment P
N T2 TITD Red. SAND ond GRAVEL. little Sii+ - i N [
R 44 T ( SM=GM) She!l frogments [
A 5 Ye3] s
" T 7 NS 3
L 0.0+ 6 15 i
5 4 7 LIIs4 [
. 48 »an . .
i lg N/ /Btcck orgonic Clayey SILT (OH) Sheiby Tube B'~10° |
PRR=L ;
5.0 4 11 uﬁs‘,// -
(01 B 1
L Brown. plastic Siity CLAY (CH) 1
- 713 st -
o = 14 S - . -
Brown. Cloyey SILT. some fine Sarg .
- 4 15 MHsg 3
-10.01 16 f e .
3 N 1; — Brown fine SAND. scme SILT (SM) 3
- T 19 = 5
= - 20-;:59 :
—15.07 21 5 X
R T 22 T .. .Gray 1o yellow brown fine SAND. ‘roce r
B T 3:2 T3 - - jto tittie Sitt (SF-5M) [
15 B - 3
L 25 FEFI0 ., . 3
-20.07 26 5 7, g
- 727 — | - :
3 128 — Block. finme-medium SAND. 1ittle Sitt
5 d %g Yy (SM) Thin crgonic seams
250+ 31
I N %% = . . [Groy. megium~coarse SANG. frace 51!t
i i 32 = s (5P
L d e .
i 135 L3512 L. . D = ~29.0
-30.0+ 36 T
37
38 —
39 £ .
20 = gLev.{uscs |z 6% s In F |uulpLlpin wzol s6
41 '
47 o 4-8' | oc 1s8]27 {17 26.9|2.61
43 ho-121 wH 2 |e8 |e4|37|27] 80.8
44
43
40 T
=
48 I
49 4
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Sr 00-6 589879
4,5 525880
| 8 5 .
gELovanon | OESTH %2—"4‘5% LEGeno " CLASSIFICATION OF MATERIALS (Orting Hioe e s, oo
33 Qeseription weairering, oo I slw-lf!c.rw
- 4B ] Brown SAND and Cloyey SILT. frace
L = =it Tloraver  (SM=ML)
S J |
i T 3 sl
v . .5
[ Q0 - 4 b {1 Ten to gray-green SAND and GRAVEL.
L 3 s little Silt  (SM=GM) ,
i 6 _ Vel
L T e Greenisn-brown. fine-med. SAND. trace
i I 8 = ~1ittie Silt. troce Grovel (SM-SP)
S 4S5
-‘5.0-‘ 10 -
i 119 s
i 112
L 113 =59
in oot 14
10, & 15 I
. . i
i e o ]
i 117 — {1 13.0°
18 +—i 7, /Dork groy-plack. organic CLAY (OH) N
3 Y1e 2
4 & 4 foad
=501 20 sl
_ 12V =—yo
[ Y22 bz -18.0"
23 Dork gray. Fine SAND. litdle Silt (SM
o0} 22 B
20.01 5o B,
| 126 5
E pt _ '
[ - 27 — « » |Groy-dark gray. Fing SAND. trace 22.5
L J gg — * cdLittie Stit {SP-SM)
PR iy
[25:01 30 ey
] 1 31 859 i
_ P32 1= 1--
i 1330 (",
34 = .
.30'0- 35 _%m L. ‘
36 Ll s D = -31.5
37 +—4
38 +—
39
40 DEPTH| USCS |% 6lw S | F LLiPL]Pile m20] so
a1 55
22 £ h2-14] su | 3 | 67 | 30 22.6
43 be-31{sp-sm| 5 | 90 | s 17 |2.67
44 -
45 +—
46 1—
47
48 4+—
49
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473

791037

8 e O .
por-3
ELEVATION | DESTR 'i"—sz—ii LEGEND CLASSFICATION OF MATERIALS Criing m"f&‘e‘f :iwnd
EES tDeszription) wearrering, ote, it Signiticant:
xS
Ea - F: itrte ¢ . P
B i . % st Yellow {:rown fine SAND. i te +to |tr. orgonic meteriaif
" some Silt ond Clgy (SM) £.0 -
I T <€ =T Gray & vellow-brown Silty Clay (Ciil5,.5" i
- 5.0 3 ’;: 52, Brown. very fine SAND. trace-iiitle !
N T 4 A, Siit. froce gravei=-sized Snole -
- - 5 ‘::@ frogments  (SM) -
» J 2.0 A
€ T . .. | Red-prown. fine-megium SAND. trace i -
- T 7 s Sit+  (5P) Red-brown to erange b
- 0.0+ 8§ 13 . e -
1 el ;
= 110 3{ .. 1
" L1 ___"f"‘ o r
aC .. X
L - 12 = P [
5.0 13 fgmsr] 0t .
L 414 4= L. X
- 415 st T, L
L 416 oL,
R == -
~10.07 18 +— . . L
L 4 9e L PN s
l.. 7 P F
- w20 +Edsaie e .
- T 21 L :
o 122 — . : -14.5" -
F-15.07 23 +— | °,, " |Reg-brown fime-ccarse SAND. tittie -
- 124 1+ e o|Gravel. fTroce Sitt (SW) -
- g 25 - Sm:aceo o
o [-B-3 b
L 12 2 K .
- i 27 R I b 00 X
- P L
20.07 28 +—— % oo |
2c | paamm -] o
™ b - : -3 oo
L 130 ."Lsnaaoa’
I PO == ik S
- ~ 32 T :GGOO
l-25.0+ 33 4+ Dark groy to block. micaocecus Clayey =24.3
L 432 Iy SILT (M)
- 4 35 s
o 4 36 85 ™ = ~28.9°
L + 37 3
38 4 .
S DEPTH| USCS |% G[% S [n F Jeipulpi]n Hzol so
=
241 4-5° [cP-gm| 54 | 36 | 10 8.7
a2 :
. 8~10'|SP~SM| O [ 85 K 25.2
43
44
45
46
47
48
4<
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R

-

!
)

09149/

S
o

D

-

~ D

228160

8 .
5‘_5vmox‘ SERTH ELQ"—*EE LECEND CLASSFICATION OF MATERIALS trititeg IImRE:f fssueanar
33 tDeseriptiont wearpering. e, f sigrificont)
=
[ —{-—-51 Brown. fine SAND. littie-scme Sit+ F
X T eng Clay (SM) .0 [
- T £ . i
L3 B \ . 4 :
- 5.0 T > = s2 Brown. fine-med. SAND. iittie Gravel, [
- T 4 race-littie Silt (SP-SM) s
. - A 83 -
2 =& -
- - 6 T .
) ==k Groy-brown. sligntly organic. Sitf 1.0 L
-0.0+ g 4 ray~brown. stightly org : Y |Troce fivers ang [
) e B, /CLAY () roors .
- ki
. - . ~2.0 -
—F— 10 = {JLTT[ Brown GRAVEL. iitie fo some SAND. i ' !
- y 3; %8 //‘\Lif?le Sirt (oM : s
. 4 A C
| |5 [
~5.0= 13 =597 ///quk brown 1o biack, fiberous organic| grgss-iiks mot r
. =14 _‘___O//;s;wy CLAY. trace fine Sand (OH) -
- P “5 k(S5 |
- 7/ s
- “ 16 T /; i
- T 17+ e lt -5.5° 1
~10.0- 18 +— « < +icray-green. fine-medium SAND. troce F
- 119 L Tol-little Siit (SP-SM) s
T .. 9
- 120 8., -
- - 21 2 . 3
. K o S P 4.0" 3
22 SR - fYetiow-brown. fine SAND. trcce~little 14.0 -
—15.05 53 = |°° *[sitt, troce Graovel (SP-SM) C
. d . - . s
A 1%5g Eogee.e i
- 126 B :
- <27 = ... 18.5° 3
-20.C= 28 § — Slue-gray CLAY (CL)
- 429
it
- 130 Hig
. 131 £
- 132 I
~25.0+ 33 +— /
. 134 £
R 438 [0
. 436 // -28.5"
- i3y _%S,‘ ZZIDark brown to bigck.orgonic SILT _(OH)L 28,07
—30.cl 3 P dHH T ]ork brown ¥ine SAND. Tittis STIT (M| ty — _30.0"
- 130 5
26 — pEPTH{ USCS |% 6fn S |n F [LLIPL|PI]x W20l s6
41 = ’
42 f— 4-5° |sP~cPjas |52 | 3 7.6
43 f 4-1871 sc 77 | 23 a6 f27j12] 8.3
44 L R9-31"] CL 4 | 96 jasf27]22] 29.1
=
46
47 1+—
48 4
49 ]
-
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SR 00-11 592165

4.0° | 528018
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