
 

 

 

 

 

 

 

 

Attachment 2 – Project Location 
 Photographs 



 

Plate 1. View upstream of turf and fill covering the Broad Street culvert. 

 

Plate 2. View downstream of turf and fill covering the Broad Street culvert. 



 

Plate 3. View upstream showing the collapsed culvert roof section. 

 

Plate 4. Location of the collapsed culvert roof section. 



 

 

 

 

 

 

 

 

Attachment 3 – Cost Estimates for all 
Alternatives 

 

 

 



Date: 11/30/2006

Item Description Unit Contract Unit price Amount Contract Unit price Amount Contract Unit price Amount Contract Unit price Amount
Quantity $ $ Quantity $ $ Quantity $ $ Quantity $ $

1 Clearing Site, Structure LS 1 10000 10000 1 10000 10000 1 10000 10000 1 10000 10000
2 Demolition and removal (Conc) CY 1065 350 372750 1180 350 413000 1241 350 434350 1980 350 693000
3 Earth Excavation, Subsurface Structures CY 5140 50 257000 11300 50 565000 13800 50 690000 18060 50 903000
4 Borrow Excavation, Zone 1 CY 910 100 91000 4000 100 400000 5200 100 520000 7400 100 740000
5 Sheeting left in place SF 9200 8 73600 4600 8 36800 1800 8 14400 0 8 0
6 Riprap Stone Slope Protection, 12" thick (D50=4") SY 0 50 0 227 50 11350 283 50 14150 0 50 0
7 Riprap Stone Slope Protection, 18" thick (D50=6") SY 0 80 0 0 80 0 0 80 0 2900 80 232000
8 Boulder, 2'-3' Unit 0 300 0 0 300 0 0 300 0 100 300 30000
9 Boulder, 3'-4' Unit 0 350 0 30 350 10500 30 350 10500 30 350 10500

10 Boulder, 5'-6' Unit 0 450 0 10 450 4500 10 450 4500 10 450 4500
11 Geotextile SY 737 100 73700 2800 100 280000 3100 100 310000 3740 100 374000
12 Topsoiling, 4" thick SY 737 10 7370 2800 10 28000 3100 10 31000 3740 10 37400
13 Topsoil Stabilization Matting SY 737 10 7370 2800 10 28000 3100 10 31000 3740 10 37400
14 Fertilizing and seeding SY 737 1 737 2800 1 2800 3100 1 3100 3740 1 3740
15 Bentonite layer SF 0 22 0 0 22 0 0 22 0 25500 22 561000
16 Dense graded aggregate base course, 10" thick SY 0 20 0 0 20 0 0 20 0 2833 20 56660
17 Soil Investigation LS 1 20000 20000 1 20000 20000 1 20000 20000 1 20000 20000
18 Foundation Excavation CY 100 20 2000 200 20 4000 300 20 6000 0 20 0
19 Concrete in Structures, Retaining walls CY 50 1000 50000 100 1000 100000 100 1000 100000 0 1000 0
20 Concrete in Structures, Sidewalks CY 20 2000 40000 20 2000 40000 30 2000 60000 0 2000 0
21 Reinforcement Steel in Structures, Epoxy Coated LBS 2500 2 5000 5000 2 10000 3000 2 6000 0 2 0
22 In-Fill Soil CY 200 60 12000 450 60 27000 450 60 27000 0 60 0
23 Architectural Finish SF 10200 60 612000 10200 60 612000 10200 60 612000 0 60 0
24 Tree Plantation, Preparation etc LS 1 40000 40000 1 40000 40000 1 40000 40000 1 40000 40000
25 4-Bar Open Steel Bridge railing LF 1000 300 300000 600 300 180000 450 300 135000 0 300 0
26 Stream Diversion Unit 1 20000 20000 1 20000 20000 1 20000 20000 10 20000 200000
27 Surveying LS 1 20000 20000 1 20000 20000 1 20000 20000 1 20000 20000

Sum $2,014,527 $2,862,950 $3,119,000 $3,973,200
Relocation of Exist. Utilities Contigency $700,000 $700,000 $700,000 $700,000

Contingencies: 10% 10 $201,453 $286,295 $311,900 $397,320
Mobilization: 15% 15 $302,179 $429,443 $467,850 $595,980

TOTAL $3,218,159 $4,278,688 $4,598,750 $5,666,500

ASSUNPINK CREEK - BROAD STREET CULVERT REMOVAL
PRELIMINARY CONSTRUCTION COST SPREADSHEET

Alternative 1 Alternative 2 Alternative 3 Alternative 4



 

 

 

 

 

 

 

 

 

 

 

 

 

Attachment 4 – Phase 1A Cultural Resource 
Reconnaissance Report 

– Summary and Recommendations 









 

 

 

 

 

 

 

 

Attachment 5 – Clean Water Act Section 
404(b)(1) Evaluation 



LOWER ASSUNPINK CREEK ECOSYSTEM RESTORATION PROJECT 404(b)(1) EVALUATION 

Clean Water Act Section 404(b)(1) Evaluation 
 
I. Project Description 

a. Location 
 
The Lower Assunpink Creek Ecosystem Restoration Project study area is located along a 
3-mile section of the Lower Assunpink Creek in Trenton, New Jersey. Assunpink Creek 
is 25 miles long, and drains approximately 91 square miles in central New Jersey. The 
main tributaries that feed Assunpink Creek are Shabakunk Creek and Miry Run. The 
headwaters begin in Millstone Township, in Monmouth County, and flow into the 
Delaware River in Trenton. The project area for the proposed action evaluated for this 
report encompasses a 500-foot section of the Lower Assunpink Creek in downtown 
Trenton where the creek is contained within a box culvert.  

 
b. General Description 

 
The goal of the Lower Assunpink Creek Ecosystem Restoration Project is to restore 
migratory fish habitat, develop recreational opportunities, and improve the overall 
stream ecology of Assunpink Creek. These goals coincide with interstate management 
plans developed by the Atlantic States Marine Fisheries Commission (ASMFC) in 1985 
to restore herring stocks in streams experiencing stream blockages. 

The Broad Street culvert recently experienced a structural failure, which increased the 
urgency to implement a restoration action that would also address a public safety 
hazard. For this reason, this report documents the evaluation of alternatives for removal 
or “day lighting” of the Broad Street culvert along Assunpink Creek between South 
Broad Street and South Warren Street. The Broad Street culvert is a box culvert 
approximately 500 feet long, with two 9- by 22-foot flumes separated by a 3-foot center 
wall. The culvert contains a roof structure of 8-inch precast, hollow-core concrete deck 
slabs that are covered in soil, averaging 3 feet in the center of the culvert to 6 feet near 
the New Jersey Department of Human Services (DHS) building. The area over the 
culvert is mowed turf. 

The full range of reasonable alternatives was considered during the National 
Environmental Policy Act (NEPA) process, resulting in the systematic elimination of 
alternatives that did not meet the purpose of and need for the action. The alternative 
that best met the environmental and technical criteria for this project site was selected as 
the proposed action. The proposed action was selected based on an evaluation of 
ecological benefits, structural stability, expected long term maintenance requirements, 
recreational benefits and construction cost estimates.  

The proposed action will provide an open channel configuration for Assunpink Creek 
where it is currently contained within a buried concrete culvert. This will be 
accomplished through the complete removal of the culvert structure and the 
realignment of the creek into a natural channel. The channel dimension, or cross-section, 
will generally be narrowed and deepened. The project will incorporate instream 
structures such as log and rock cross-vanes and J-hooks, that center the flow, control the 
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grade, and vary the channel bottom or profile. Both banks will be planted with riparian 
trees and shrubs to provide stability.  

To enable work to be accomplished with minimal impacts to water quality, stream flows 
will be diverted into the northern culvert flume. This will allow for the southern flume 
be demolished under dry conditions and for excavation and grading of the realigned 
channel. The alignment of the new channel will be shifted away from the existing 
building’s infrastructure while considering the egress and ingress of the creek to the 
South Broad Street and South Warren Street Bridges. Flows will be diverted into a 
temporary diversion channel to allow for the demolition of the northern flume. 

There will be opportunities to create fish-spawning habitat and other aquatic habitat 
through channel design, instream structures, and creation of pools and riffles. Removal 
of the concrete bottom slab will also increase fishery migration opportunities by creating 
a varied substrate and will increase biodiversity through increased macroinvertebrate 
habitat. Other benefits include a restored riparian zone, providing a beneficial transition 
buffer between existing water and human land uses; improved habitats, including 
foraging and nesting areas, for fish-eating birds, small mammals, and aquatic wildlife 
species; improved runoff water quality by acting as a sediment and pollutant filter; and 
improved aesthetic and recreational value of the project area. A more-diverse ecosystem 
conducive to sustaining aquatic and wildlife species will result. 

 c. Authority and Purpose 
 
The United States Army Corps of Engineers (USACE), Philadelphia District has initiated 
an environmental restoration project for the lower Assunpink Creek under authority of 
Section 1135 of the Water Resources Development Act of 1986.  As amended, the Act 
provides authority for modifying the structure or operation of an existing USACE 
project, for the purpose of improving the quality of the environment in the public 
interest and to determine if the operation of such projects has contributed to the 
degradation of the quality of the environment. The City of Trenton, New Jersey, has 
agreed to serve as the project sponsor. 

 
 d. General Description of the Discharge Material 
 
(1) Characteristics of Fill Material  
 
Once the culvert structure is removed, stone boulders and riprap will be placed within 
the new channel. 
 
(2) Fill materials 
 
The proposed project would involve the addition of stone boulders and riprap placed 
within the realigned channel. 
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 e. Description of Proposed Discharged Site 
 
The discharge site is a 500-foot section of the lower Assunpink Creek in downtown 
Trenton where the creek is contained within a box culvert. 
 
 f. Description of Disposal Method 
 
All materials removed from the site for disposal will be disposed of in accordance with 
all appropriate local, state and Federal rules and regulations. 
 
II. Factual Determination 

a. Physical Substrate Determination 
Where the existing culvert is removed, stabilized native soil will provide the channel 
bank substrate.  
 
 b. Water Circulation, Fluctuation, and Salinity Determinations 
Water chemistry, clarity, color, odor, taste, dissolved gas levels, nutrients, 
eutrophication, and other physical water quality factors would not be affected by the 
proposed project.  Salinity determinations are not applicable to the proposed action. 
 
 c. Suspended Particulate/Turbidity Determination 
The proposed action is expected to only temporarily increase suspended sediments and 
turbidity locally in the Assunpink Creek during construction of the project.  No 
noticeable impacts to dissolved oxygen levels, toxic metals, organics, or pathogens 
would be anticipated.  Impacts to photosynthetic, filter feeder, and sight feeders are 
expected to be minimal to nonexistent.  During construction, stream flows will be 
diverted to the extent practical to isolate the work area from stream flows and minimize 
sedimentation. Long term benefits to the aquatic ecology and water quality would result 
from the proposed action.  
 
 d. Contaminant Determinations 
Materials for construction of the project would be chemically stable and non-
contaminating.  Construction would take place in areas where the soil is not considered 
likely to be contaminated.  Neither the fill or its placement would cause relocation or 
increases of contaminants in the aquatic ecosystem.  Certification of the project under 
Section 401 will be requested from the New Jersey Department of Environmental 
Protection, and all requirements would be met prior to construction. 
 
 e. Aquatic Ecosystem and Organism Determinations 
The proposed action should have no significant effects on the aquatic ecosystem. The 
proposed action is expected to enhance the aquatic ecosystem and to promote 
anadromous fish migration into the Assunpink Creek from the Delaware River. Adverse 
impacts resulting from the proposed action will be short-term and minor.  Most aquatic 
species found in the project area are mobile, and it is anticipated that any species 
displaced during construction will return to utilize the area. As the project effects are 
temporary and short-term in nature, the project is not anticipated to adversely impact 
any state or Federally listed species.  
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 f. Proposed Disposal Site Determinations 
No violations of water quality standards are likely to occur as a result of the proposed 
project.  The proposed action would have no adverse effect on municipal or private 
water supplies, recreational or commercial fisheries, water-related recreation, aesthetics, 
parks, national historic monuments, or similar preserves.  The project would likely 
enhance water quality locally and would increase recreational opportunities for the 
public. 
 
 g. Determination of Cumulative Effects on the Aquatic Ecosystem 
Because of the restorative nature of the proposed project, it is not anticipated to act in 
concert with other typical area construction activities in adversely impacting local 
aquatic or terrestrial ecosystems. 
 
 h. Determination of Secondary Effects on the Aquatic Ecosystem 
No significant detrimental secondary effects are anticipated as a result of the proposed 
action. 
 
III. Actions Taken to Minimize Adverse Impacts 
 
 1.  To enable work to be accomplished with minimal impacts to water quality, 
stream flows will be diverted into the opposite culvert flume for which work is 
occurring. This will allow for demolition of existing structures to occur under dry 
conditions. Where the existing concrete culvert wall is removed, existing native soil will 
be stabilized and planted with native riparian and upland vegetation. No impacts to 
vegetated wetlands will occur during construction of the proposed project. 

 
IV. Finding of Compliance 

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

 
2.  The alternative of no Federal action was not feasible. If the Broad Street 
culvert is not restored to an open channel, it would continue to be present a 
public safety hazard and would continue to be a significant barrier to 
anadromous fish migration. 

 
3.  Certification under Section 401 will be applied for from the State of New 
Jersey.  Certification will be obtained prior to construction. 
 
4.  The project would not introduce toxic substances into Assunpink Creek. 
 
5.  No significant impacts to Federal or state listed threatened and endangered 
species would result from the project. 
 
6.  No municipal or private water supplies would be affected by the proposed 
project.  No sensitive or critical habitats would be affected, and no long-term 
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adverse impacts would occur to these habitats.  Local water quality and aquatic 
habitat will be enhanced by the project. 
 
7.  Project construction materials would be chemically and physically stable. 
 
8.  The selected alternative has been reviewed for environmental impacts in an 
Environmental Assessment (EA). The EA supports the determination that the 
proposed action would lead to a Finding of No Significant Impact, pending 
public review and comment. 
  
9.  When compared to the other alternatives, the selected alternative provided the 
best combination of environmental benefits while minimizing environmental 
impacts.  
 
10.  The proposed actions would not significantly affect water quality and the 
aquatic ecosystem, and are found to be in compliance with the requirements of 
guidelines for Sections 404(b)(1) of the Clean Water Act, as amended. 
 



 

 

 

 

 

 

 

 

Attachment 6 – Record of  
Non-Applicability 

 

 

 



GENERAL CONFORMITY – RECORD OF NON-APPLICABILITY 

 

 
Project/Action Name: Lower Assunpink Creek Ecosystem Restoration Project - 

Broad Street Culvert 
 
Project/Action  
Identification Number: PWI# 167859 
 
Project/Action Point 
of Contact: Brian Mulvenna 
 
 Phone: 215-656-6599 
 
Project Begin Date: Fall 2007 
Project End Date: Spring 2008 
 
 
General Conformity under the Clean Air Act, Section 176 has been evaluated for the project 
described above according to the requirements of 40 CFR 93, Subpart B. The requirements of 
this rule are not applicable to this project/action because: 
 

     XX The project/action is an exempt action under 40 CFR 93.153(c)(1).  
 

 
Supporting documentation and emission estimates are 
  
   (__) ATTACHED 
   (__) APPEAR IN THE NEPA DOCUMENTATION  
   (_X_) OTHER: Not Required 
 . 
 
 

 

     SIGNED        
       Environmental Coordinator 



 

 

 

 

 

 

 
 
 
 

Attachment 7 – Qualitative Stream 
 Evaluation Forms 













 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Appendix A – Birdsall Engineering, Inc. Letter 

Report, September 5, 2006  
 

 

 

 











 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix B – NJDEP Division of Fish and 
 Wildlife Correspondence 
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Murphy, Kate/PHL

From: Lisa Barno [Lisa.Barno@dep.state.nj.us]
Sent: Friday, September 08, 2006 9:21 AM
To: Murphy, Kate/PHL
Cc: Christopher Smith
Subject: Assunpink Creek

Hi Kate - 

As far as the benefits of removing the culvert - it would greatly enhance anadromous 
fisheries runs into Assunpink Creek from the Delaware River for American shad, alewife and
bluback herring.  Those species, in particular Am shad will not pass through a dark 
culvert, particulalrly considering the extensive length of the cuilvert on Assunpink.  It 
will also benefit other resident fish species by improving in-stream habitat.  Of course, 
this will all depend on how well a channel design is developed for the project - need to 
get away from the trapezoidal, straight channel design which only benefits getting water 
from point A to point B but does nothing for creating viable stream habitat.  Will need 
curves, bends, deeper pool areas, and shallow stretches with substrate which remain in 
tact but is not rip rap from one side of the bank to the other.  Of course riparian 
vegetation along the banks of the new channel will do well of additional habitat, as well 
as water temperatures.  Rock and boulders, as well as log structures will also increase 
fish habitat as well as macroinvertebrate populations.  

As for the negatives, there are always the impacts, sedimentation etc associated during 
the construction phase, and again good channel design, is critical to the success of the 
project.

Hope this is helpful.  Unfortunately, although just returning from vacation I will be at a
conference next week but Chris Smith is the regional biologist and is very familiar with 
Assunpink Creek.  He can be reached at 856 629 0450 if you have any additional questions.

Lisa Barno
Chief, Freshwater Fisheries

Lisa Barno
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Murphy, Kate/PHL

From: Lisa Barno [Lisa.Barno@dep.state.nj.us]
Sent: Friday, September 08, 2006 10:25 AM
To: Murphy, Kate/PHL
Subject: RE: Assunpink Creek

Benefits are HUGE to get the bottom removed

Lisa Barno

>>> <Kate.Murphy@CH2M.com> 09/08/06 10:10 AM >>>
One additional question to follow up:  The culvert does not have a natural bottom, and 
therefore the water travels at a faster rate at this point.  There are two options if the 
culvert is removed, which are: to remove the entire culvert, cement bottom included, or to
remove just the top and the majority of the side walls. How would not removing the bottom 
of the cement culvert impact fish species and other in stream habitat (if they choose this
option, they would most likely do something to slow down the water at this point). Are the
benefits much greater to remove the entire bottom to create a natural bottom, or do you 
feel the fish would still be able to pass? Basically, we are trying to obtain information 
for a cost benefit analysis. 

Thank you so much for all of the information you have provided. I appreciate you taking 
the time for this! 

I hope you enjoyed your vacation-

Thanks,

Kate

-----Original Message-----
From: Lisa Barno [mailto:Lisa.Barno@dep.state.nj.us]
Sent: Friday, September 08, 2006 9:21 AM
To: Murphy, Kate/PHL
Cc: Christopher Smith
Subject: Assunpink Creek

Hi Kate - 

As far as the benefits of removing the culvert - it would greatly enhance anadromous 
fisheries runs into Assunpink Creek from the Delaware River for American shad, alewife and
bluback herring.  Those species, in particular Am shad will not pass through a dark 
culvert, particulalrly considering the extensive length of the cuilvert on Assunpink.  It 
will also benefit other resident fish species by improving in-stream habitat.
Of course, this will all depend on how well a channel design is developed for the project 
- need to get away from the trapezoidal, straight channel design which only benefits 
getting water from point A to point B but does nothing for creating viable stream habitat.
Will need curves, bends, deeper pool areas, and shallow stretches with substrate which 
remain in tact but is not rip rap from one side of the bank to the other.  Of course 
riparian vegetation along the banks of the new channel will do well of additional habitat,
as well as water temperatures.  Rock and boulders, as well as log structures will also 
increase fish habitat as well as macroinvertebrate populations.  

As for the negatives, there are always the impacts, sedimentation etc associated during 
the construction phase, and again good channel design, is critical to the success of the 
project.

Hope this is helpful.  Unfortunately, although just returning from vacation I will be at a
conference next week but Chris Smith is the regional biologist and is very familiar with 
Assunpink Creek.  He can be reached at 856 629 0450 if you have any additional questions.

Lisa Barno



1

Murphy, Kate/PHL

From: Christopher Smith [Christopher.Smith@dep.state.nj.us]
Sent: Friday, September 08, 2006 3:25 PM
To: Murphy, Kate/PHL
Subject: Assunpink Creek

Kate

Lisa Barno asked that I contact you regarding the potential Assunpink Creek project.  I 
have read the correspondence between yourself and Lisa about the proposed project.  As 
Lisa has stated that any removal of impediments and underground culverts/pipes will great 
increase the passage of migratory fish such as river herring, American shad, American eel 
to name a few.  Additionally, the warmwater fish population (largemouth bass, smallmouth 
bass, bluegill, perch, etc.) will also benefit by increased and improved habitat.  

My first question is what specific section of the creek is proposed for culvert removal?  
All or just selected segments?

To answer some of the questions that have been raised regarding recreation usage of the 
area following a stream restoration; this really depends on the level of restoration.  If 
all obstructions were removed within the vicinity of Trenton, fish would have about 3.5 
miles of habitat before they reach the first impediment at Whitehead Pond Dam.  Anadromous
fish, river herring,  were collected in 1975 at the Warren St. bridge however have never 
been collected farther upstream.     Boat access would depend on tidal stage and water 
depth but would essentially provide about 3.5 miles of stream.  Shoreline access would 
depend on ownership of neighboring property.  

It is difficult to say exactly how many species would utilize the creek once restoration 
was completed but the removal of obstructions would provide the potential for a full range
of warmwater and anadromous species to use the creek.

I  know that I have only scratch the surface of the questions.  Please contact me directly
with anymore questions.

Chris

Christopher Smith
Senior Fisheries Biologist
New Jersey Department of Environmental Protection Division of Fish and Wildlife Bureau of 
Freshwater Fisheries 220 Blue Anchor Rd.
Sicklerville, NJ  08081
(856) 629-4950



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Appendix C – Assunpink Creek Hydraulic 

 Model Technical Memorandum 
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T E C H N I C A L  M E M O R A N D U M   
 

Hydraulic Modeling of Lower Assunpink Creek  
PREPARED FOR: Brian Mulvenna/USACE 

PREPARED BY: CH2M HILL  

COPIES: Scott Oppelt/CH2M HILL   
Aditya Tyagi/CH2M HILL  

DATE: September 28, 2006 

 

Objective and Scope 
The objective of this technical memorandum is to present the results of the hydraulic modeling of the Lower 
Assunpink Creek for three continuous miles between the confluence with the Delaware River to the 
upstream corporate limit of the City of Trenton. There are two main purposes of this hydraulic modeling 
effort: (1) to study various alternatives of culvert removal at the Broad Street and its potential impacts on 
flooding and determine the best alternative, and (2) to provide flow velocities and corresponding shear 
stresses required for stream restoration improvement efforts such as designing appropriate stream cross 
sections and bank stabilization projects.   

HEC-RAS Model and Input Data Requirements 
HEC-RAS is a hydraulic model developed by the Hydrologic Engineering Center (HEC) of the U.S. Army 
Corps of Engineers. HEC-RAS is a one-dimensional model, intended for computation of water surface 
profile computations. The system is capable of modeling subcritical, supercritical, and mixed-flow regimes 
for streams consisting of a full network of channels, a dendritic system, or a single river reach for both 
steady and unsteady flows. The model results are typically applied in floodplain management and flood 
insurance studies to evaluate the effects of floodplain encroachment. The function of the HEC-RAS model is 
to determine water surface elevations at all locations of interest. The data needed to perform these 
computations are separated into geometric data, steady flow data, and boundary conditions. 
Geometric Data 
The basic geometric data used by HEC-RAS for hydraulic analysis consist of layout and dimensions of river 
reaches stream channel cross sections at various locations along the stream, reach length, and hydraulic 
structures such as bridges and culverts. In each cross section, the locations of the stream banks are identified 
and used to define the left floodplain, main channel, and right floodplain (Figure 1). HEC-RAS subdivides 
the cross sections in this manner because of differences in hydraulic parameters. For example, the wetted 
perimeter in the floodplain is much higher than in the main channel. Thus, friction forces between the water 
and channel bed have a greater influence in flow resistance in the floodplain. As a result, the flow velocity 
and conveyance are substantially higher in the main channel than in the floodplain. 
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Left floodplain Right floodplain Main channel 

Normal water surface  

Flood level

Right bank Left bank  

 
Figure 1: A typical stream cross section 

At each cross section, HEC-RAS uses several input parameters to describe shape, elevation, and relative 
location along the stream: 
1. River station (cross section) number 
2. Horizontal (station) and vertical (elevation) coordinates for each  terrain point describing the cross 

section 
3. Left and right bank station locations 
4. Reach lengths between the left floodplain, stream centerline, and right floodplain of adjacent cross 

sections (The three reach lengths represent the average flow path between two adjacent cross sections. 
As such, the three reach lengths between adjacent cross sections may differ in magnitude due to bends in 
the stream. 

5. Manning’s roughness coefficients 
6. Channel contraction and expansion coefficients 
7. Geometric description of any hydraulic structures, such as bridges, culverts, and weirs. 
 
Flow Regime, Discharge Data, and Boundary Conditions 
The flow regime needs to be specified in order to conduct a desired hydraulic analysis. Computations 
proceed upstream for subcritical flow and downstream for supercritical flow. In cases where the flow regime 
changes from subcritical to super critical or super critical to subcritical, the program is run in a mixed flow 
regime mode.  

Discharge information is required at each cross section starting from upstream to down stream for each 
reach. The flow rate can be changed at any cross section within a reach. 

Boundary conditions are necessary to establish the starting water surface elevations at the ends of the river 
system. The water surface is specified at the downstream end for subcritical regime, at the upstream end for 
the supercritical regime, and at both downstream and upstream for mixed flow regime.  

HEC-RAS Model Development for the Lower Assunpink Creek  
GIS layers including the digital terrain model (DTM) of the river system, corporate boundaries, 
spot elevations, hydrography, and roads were processed to develop geometric data for HEC-
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RAS.  Additional layers were created to define the stream centerline, flow paths, main channel 
banks, and cross section cut lines at approximately 200-foot intervals as shown in Figure 2.  

 

Figure 2: Lower Assunpink Creek Cross sections Cut Lines. 

With the use of GIS terrain data, cross sections can contain many more points than actually 
necessary to describe the terrain. HEC-RAS has a limit of 500 points in any cross section. Because 
of this limit, unnecessary points were eliminated first by using HEC-RAS’s points filter tool and 
second by manually by checking the cross section features with the contour maps created from the 
DTM.  The cross section point filter performs two different types of filtering on each cross section. 
The first type is called a Near Points Filter that searches for points that are close together. If two 
points are found to be within the horizontal and vertical distance tolerance, one of them is removed. 
The second type of filter is a Collinear Points Filter, which searches for points that are in a straight 
line, or nearly in a straight line. This filter searches to find three consecutive points that may be in a 
straight line. If a line is connected between points one and three, and point two is within a 
predefined tolerance from that line, then point two can be removed. A second check is done to 
ensure that the slope of the line that connects point one and two does not change significantly when 
point one and three are connected. After the filtering operation each cross section was checked 
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manually for its correctness and more unnecessary data points were removed. The obtained profile 
of the Assunpink Creek thalweg is presented in Figure 3. 

 
Figure 3: Lower Assunpink Creek Thalweg Profile. 

 
Once all of the necessary cross section data have been entered and checked for accuracy, the 
bridges and culverts were added into the model. HEC-RAS computes energy losses caused by 
structures such as bridges and culverts in three components. One component consists of losses 
that occur in the reach immediately downstream from the structure where an expansion of flow 
takes place. The second component is the losses at the structure itself, which can be modeled by 
several different methods. The third component consists of losses that occur in the reach 
immediately upstream of the structure where the flow is contracting to pass through the opening. 
The routines in HEC-RAS allow bridge analysis with several different methods without changing 
the bridge geometry.  Based on the survey data in Appendix 1, the bridges and culverts were 
added to the model. Figure 4 shows the schematic of the Lower Assunpink Creek after entering 
the hydraulic structure data.  
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Figure 4: Lower Assunpink Creek schematic showing location of bridges and culverts 

 
While entering the bridge and culvert data into the model, it was observed that most GIS-based 
cross sections do not match the surveyed cross sections. The surveyed cross sections consist of 
only a few data points and most of the stream beds were defined with 2-3 straight lines by joining 
the surveyed points. On the other hand, the GIS-based cross sections consist of many data points 
and the shape of stream bed is made of many small straight lines.  Thus, in entering the bridge and 
culvert data, the GIS-terrain data was used to define the cross section when the survey data was 
not deemed sufficiently accurate. Further, it was observed that the information of the upper chord 
elevation at several bridge locations was missing in the survey sheets (Appendix 1). In these cases 
approximate upper chord elevations were assumed based on a previous bridge survey. Table 1 
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lists the name of the hydraulic structures, their location (river station), their width, and upstream 
and downstream distances as entered into the model. 

TABLE 1 
Location of Bridges and Culverts, their Width and Upstream, Downstream Distance  

S. 
No. Bridge and Culvert Name River 

Station 
Upstream 
Dist (ft) 

Bridge 
Width (ft) 

Downstream 
Dist (ft) 

1 Nottingham Way Bridge  13923.61 5 50.97 11 
2 Assunpink Park Foot Bridge 12127.11 2 6 2 
3 N. Olden Ave. Bridge 11566.65 5.835 55 5.835 
4 Oak Street 9833.33 5 56.675 4.995 
5 South of Oak Street Covered Bridge 9546.97 2.5 26 2.5 
6 Belvidere Railroad Bridge 8 9156 5 38 5 
7 Lincoln Ave. Bridge  8517.5 5 55 55 
8 Monmouth St. Bridge 7775.755 5 38.49 5 
9 Wall St. Bridge 7363.801 5 54 5 
10 E. State St. Bridge 7126.452 7.5 135 7.5 
11 Clinton Ave. Bridge 5562.5 5 65 5 
12 Market St. Bridge 4800 10 1180 10 
13 S. Montgomery St. Bridge 3612 5 62 5 
14 Jackson St. Bridge 3200 5 65 5 
15 Broad St. Bridge 2967.5 5 55 5 
16 South of Broad St. Culvert 2495 10 570 10 
17 Memorial Road Bridge 1891.11 8.5 70.825 8.495 
18 Parking Lot Bridge S. of Memorial Rd. 1353.59 2.5 38.115 2.505 
19 Bridge # 23 1273.52 2.72 34 2.72 
20 North Bound Lanes of John Fitch Pwy  1213.798 2.5 45 2.5 
21 South Bound Lanes of John Fitch Pwy 1118.798 2.5 45 2.5 
22 South Bound on-ramp to John Fitch Pwy  1041.5 2.5 30 2.5 

 

After completing the addition of hydraulic structures, levees and ineffective areas were defined at 
appropriate locations based on cross section geometry throughout the model reach. It is important 
to mention that the locations and elevations of both levees and ineffective areas were defined 
based on assumptions as the detailed survey data was not available to define these features into 
the model very accurately. 

Manning’s Roughness Coefficients 
For the majority of hydraulic studies, Manning’s roughness coefficient n is the most important of 
the energy loss parameters. The value of n depends on surface roughness, vegetation, channel 
irregularities, channel alignment, scour and deposition, obstructions, size and shape of channel, 
stage and discharge, seasonal changes, temperature, and suspended material and bedload.  The 
variation of water surface elevations along a stream is largely a function of the channel boundary 
roughness and the stream energy required to overcome friction losses. Unfortunately, Manning’s n 
can seldom be calculated directly with great accuracy and is typically estimated through detailed 
field inspections and engineering judgment. For the current study, no field investigation was 
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conducted to determine the Manning’s n values. Thus, recent photographs and existing literature 
values from earlier studies were used to estimate the n values. Due to many channel irregularities 
in cross sections across the floodplain throughout the study channel, the values of Manning’s n 
should be allowed to vary horizontally. However, due to unavailability of field data, the 
Manning’s n was instead lumped into three parts: main channel, left overbank, and right 
overbank. Based on the Flood Insurance Study (FEMA, 1990), the Assunpink Creek n values 
ranged from 0.04 to 0.08 for the main channel and from 0.05 to 0.15 for the overbanks.  

Contraction and Expansion Coefficients 
Contraction and expansion of flow due to changes in the cross section is a common cause of 
energy loss. Whenever this occurs, the loss is computed from the contraction and expansion 
coefficients specified at various cross sections into the model. In most stream cross sections where 
changes in the flow area are small, the contraction and expansion coefficients were assumed to be 
0.1 and 0.3, respectively. When the change in the effective cross section area is abrupt such as 
bridges, contraction and expansion coefficients were assumed to be 0.3 and 0.5, respectively. 
Further, the contraction and expansion coefficients around bridges and culverts where more 
severe constriction was apparent, the coefficients were assumed as 0.6 and 0.8. 

Lower Assunpink Creek Flow Regime, Discharge Data, and Boundary Conditions 
A subcritical flow regime was assumed to perform the current hydraulic analysis. Based on the 
Flood Insurance Study (FEMA, 1990), the discharge data and downstream boundary conditions in 
Table 2 were assumed. 

TABLE 2 
Flow and Boundary Condition Data  

Assunpink Creek Flow (cfs) 

Storm Event 

Upstream of Stockton 
Street Culvert; Cross 
section # 12999.64 

Upstream of Confluence 
with Pond Run; Cross 
section #  22123.54 

Downstream Boundary 
Condition  

(Delaware River stage, ft) 
10 2400 2150 23.00 
50 3400 3000 24.48 
100 3850 3400 24.50 
500 4800 4300 28.50 

July 1975 Event* 5454 3000 27.50 
Note:  July 1975 Event data was taken from USGS (1976) 

  

Model Calibration 
After entering the study reach input data and assembling the hydraulic model, the model was run 
for several discharges and the input data were corrected as necessary.  Close inspection was given 
to effective flow area transitions between adjacent cross sections and profiles through bridges to 
detect modeling anomalies and address all warnings and error messages.  Once the model was 
found to perform reasonably well, the calibration process was initiated to match model results to 
available data. The reliability of the results of a hydraulic model study depends on the 
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applicability of the model to the physical situation, and the quality of the data used to model the 
study reach and calibrate the model. This process consists of three main steps: (1) obtaining the 
relevant data and translating it into model input, (2) calibrating the model, and (3) verifying the 
model. 

As mentioned in the preceding paragraph, the calibration process focuses on matching the 
computed water surface elevations with available water surface elevations for a given discharge 
and boundary conditions.  In this case, the model was calibrated by comparing against the water 
surface elevation data available for the 100-year event from the Flood Insurance Study (FEMA, 
1990).  The model was then verified against other events in the FIS and an actual event that 
occurred in July 1975.  The “observed” water surface elevation data for the 10-, 50-, 100-, and 500-
year events were obtained from the flood profiles presented in the Flood Insurance Study (FEMA, 
1990), whereas, the data for the flood of July 1975 was taken from the USGS study (USGS, 1976).  
The pertinent data are summarized in Tables 3 and 4. 

TABLE 3 
Flood Profiles Based on the Flood Insurance Study 

  Elevation (ft) 

Station Name 
Distance  

(ft) Stream Bed 
10-year 
Flood  

50-year 
Flood  

100-year 
Flood 

500-year 
Flood 

Nottingham Way 12800 27.5 41.5 44 44.7 46.5 
South Olden Ave. 10500 27.5 40 42.5 43.5 44.5 
Oak Street 8830 27.5 37.7 40 40.5 42 
Monmouth St 6920 25.5 34 36.75 37.5 38.25 
Wall St 6500 225 33.25 35.5 36 37 
East State St 6240 22 33.25 35.5 36 37 
South Clinton Ave 4720 18.5 29 31.5 32.2 33.5 
Delaware River 2070 13.25 26 24 24.5 28.5 
Source: FEMA (1990) 

 

 

The 100-year event was used to calibrate the model.  As no field data is available for Manning’s n 
and the stream reach is only about 3 miles long, the Manning’s n values for the main channel were 
not varied along the reach. Similarly, overbank n values were not varied along the reach.  Thus, 
the Manning’s n values at all cross sections were assumed to be the same.  This may not be true if 
some parts of the stream are lined or have some other roughness characteristics. To calibrate the 
model for the 100-year event, the model was ran for various assumed n-values and the calculated 
water surface profiles were compared with the flood profile corresponding to 100-year event given 
in Table 3. The best match as shown in Figure 5 was selected as the calibration set.  
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TABLE 4 
Flood Profile during the July 21, 1975 Event 

Street and Location 

Distance from confluence 
with the Delaware River 

(ft) 
Elevation 

(ft) 

70 ft downstream from Nottingham Way Street 12144 47 

65 ft downstream from North Olden avenue 10032 44.75 

500 ft downstream from Olden avenue 9504 43.7 

Upstream of Oak Street 8448 42.35 

100 ft upstream Penn Central RR Supr-line Bridge 7920 40.7 

USGS Gaging Station Upstream of Chambers Street 7392 39.4 

30 ft upstream from Monmouth Street 6336 38.2 

340 ft upstream from South Clinton Avenue 5808 36.3 
150 ft downstream from entrance to culvert under Stockton Street - 
US Highway 1 Interchange 4752 34.8 

40 ft upstream from Peace Street 4224 34 

220 ft upstream from Montgomery Street 2640 27.8 

175 ft upstream from South Broad Street 2112 24.9 

150 ft downstream from Peace Street 528 13.3 
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Figure 5: Lower Assunpink Creek Hydraulic Modeling Calibration Run: 100-year Event 

 
The calibrated Manning’s n values were used to calculate water surface profiles for the 10-, 50-, 
and 500-year storms and the July 1975 event as shown in Figures 6 to 9.  
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Figure 6: Lower Assunpink Creek Hydraulic Modeling, Model Verification Run: 10-year Event 

 

 
Figure 7: Lower Assunpink Creek Hydraulic Modeling, Model Verification Run: 50-year Event 
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Figure 8: Lower Assunpink Creek Hydraulic Modeling, Model Verification Run: 500-year Event 

 

 
Figure 9: Lower Assunpink Creek Hydraulic Modeling, Model Verification Run: July 1975 Event 
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The detailed graphical outputs of the HEC-RAS model for the calibration and 
verification storm events are presented in Appendix 1.  From Figures 5 to 9 of Appendix 1, 
it can be noticed that the hydraulic model is a reasonable representation for all events except the 
10-year event for which the model underestimates the water surface elevations.  To match the 10-
year event flood profile with the observed profile the Manning’s n needs to be further refined by 
varying it horizontally across the cross sections and along the stream reach.  Additional 
improvement can be attained by refining the assumptions in defining levees and ineffective areas. 
Thus, additional field work is necessary for further refinement of the model.  However, the 
accuracy needed depends on the objective of the study. As far as the impact of removing some 
hydraulic structures (such as a culvert) is concerned, the model accuracy seems to be sufficient as it 
is predicting the trends of water surface profile reasonably well.  It is important to mention here that 
all the bridges on Assunpink Creek between its confluence with the Delaware River and Market 
Street (Bridges 12 to 22 in Table 1) are submerged due to the backwater from the Delaware River 
during all the storms except the 10-year event.  
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 Appendix-1: HEC-RAS Profiles Plots 

 
Figure : 10-year Flood Profile Plot 
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Figure : 50-year Flood Profile Plot 
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Figure : 100-year Flood Profile Plot 
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Figure : 500-year Flood Profile Plot 
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Figure : July 1975 Event Flood Profile Plot 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Appendix D – Threatened and Endangered 
Species Correspondence  














