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A. DESIGN OVERVIEW 

 

Cedar Lane CBD Redevelopment Plan Scope of Improvements 

 

The subject of this report is a multi-phase redevelopment project in Teaneck Township. The 

project encompasses approximately 9.42 acres across several non-contiguous parcels and is 

planned in three phases. Phase I involves the redevelopment of Block 819, Lots 1, 13-14, and 

16-17, including the demolition of an existing municipal parking lot and construction of a four-

story mixed-use building with 96 residential units, a 590-space parking garage, and 12,000 

square feet of commercial space. Phase II, located on Block 707, includes site improvements 

around the existing Stop & Shop grocery store and demolition of an adjacent house of worship, 

followed by construction of a six-story residential building with 128 units and a 170-space 

parking garage. Phase III, situated on Block 705, Lot 4.01, proposes a four-story residential 

building with 94 units, 113 garage parking spaces, and 36 on-street parking spaces. The 

combined development area is bordered by Beverly Road to the north, American Legion Drive 

to the south, a Conrail railroad to the east, and Garrison and Chestnut Avenues to the west, with 

surrounding land uses consisting of residential, commercial, and mixed-use properties. A 

redevelopment plan is in the process of being established in regard to the proposed onsite and 

off-site improvements. 

 

Off-Site Drainage Improvements Introduction 

 

The proposed redevelopment project is located in a portion of Teaneck, NJ which has 

historically experienced drainage issues during higher frequency storm events. This Offsite 

Drainage Improvement Report has been prepared to define and analyze proposed solutions to 

the existing stormwater drainage issues reported along Belle Avenue between Claremont 

Avenue and Beverly Road. The municipal stormwater system runs through the redevelopment 

project from Beverly Road to Cedar Lane and continues down American Legion Drive to a 

discharge point near Terhune Street. It is our understanding that the existing stormwater 

infrastructure is undersized and constrained by shallow slopes, contributing to recurring flooding 

concerns within this low-lying area. Further, the Belle Avenue area serves as a regional 

drainage path for a significant tributary area, approximately 175 acres, and its limitations have 

been documented in the Belle Avenue Area Drainage Study, prepared by the Township of 

Teaneck, dated 04/05/2022.  

 

To help improve these existing drainage issues, our office has prepared this report to conduct a 

comprehensive evaluation of existing drainage conditions and infrastructure, confirm previously 

identified conflict points, and assess potential offsite drainage improvements. This analysis 

includes a review of historical data, hydrologic and hydraulic modeling, and consideration of 

feasible design alternatives aimed at improving flooding conditions and improving the 

stormwater infrastructure’s effectiveness. 
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B. EXISTING DRAINAGE BACKGROUND 

 
Per the Belle Avenue Area Drainage Study, prepared by the Township of Teaneck, dated April 

5th, 2022 (refer to the Appendix of this report), the existing 36-inch stormwater trunk line along 

Belle Avenue, between Sagamore Avenue and Beverly Road, is currently lacking adequate 

capacity and further restricted by shallow slopes. In addition to the limitations posed by 

undersized and shallow-sloped pipes, the system's performance is further hindered by two 

abrupt 90-degree bends in the stormwater conveyance line along Beverly Road. These bends 

contribute to significant energy losses, which appear to exacerbate upstream flooding within the 

Belle Avenue pipe network. 

 

This portion of the drainage system lies within a regional low point that collects runoff from an 

approximately 175-acre tributary area characterized by relatively flat topography. Cedar Lane 

effectively creates a ridge line which limits the ability for stormwater to flow overland when the 

existing stormwater conveyance system reaches maximum capacity. Over recent decades, the 

sub-watershed has undergone substantial development, increasing impervious surfaces and, 

consequently, stormwater runoff directed toward this low-lying area. 

 

The Belle Avenue Area Drainage Study further notes that increasing capacity south of Cedar 

Lane (CR 60) is not anticipated to be necessary, as the existing infrastructure in that area 

appears to have adequate capacity. However, comprehensive hydrologic and hydraulic 

analyses have been performed in conjunction with the proposed improvement options outlined 

later in this report to confirm overall system adequacy. 

 

In summary, the pluvial flooding issues from the existing drainage infrastructure along Belle 

Avenue between Beverly Road and Claremont Avenue appear to be caused by undersized 

drainage pipes, shallow drainage pipe slopes constrained by the relatively flat topography in the 

regional low-lying area, and the several 90-degree pipe bends throughout the existing 

stormwater infrastructure pathways. 

 

The Township of Teaneck has initiated improvements to the stormwater conveyance system to 

address the issues identified above. In February 2023, a 30,000-gallon, 9-foot by 4-foot 

underground culvert was installed at the Belle Avenue and Beverly Road intersection to 

increase stormwater capacity. Later, in September 2025, an approximately 187,000-gallon 

underground stormwater detention system was installed beneath Sagamore Park to temporarily 

store stormwater and allow the existing pipe network additional time to process rainfall runoff. 

 

It is important to note that the existing conditions in the following analysis and modeling account 

for these improvements. The proposed conditions will present a further improvement to what 

has already been constructed. 
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C. HYDROLOGIC AND HYDRAULIC MODELING SUMMARY  

 

An analysis of the drainage system was performed using HEC-RAS 6.6 – 2D Unsteady Flow 

analysis with Pipe Network. This model requires geometric data of the ground surface, including 

runoff parameters as well as pipe network. The following summarizes the input information and 

detailed calculations are included in the Appendix. 

 

Geometry Data: 

 

A 2D mesh was established for the drainage area of the pipe network. The drainage area for the 

pipe network is approximately 171 acres and extends approximately to Reis Avenue to the 

north, to Kensington Road and the railroad to the east, Terhune Street to the south, and Linden 

Avenue, Garrison Avenue, and Trafalgar Street to the west.  

 

The 2D mesh was set globally as a 20’ x 20’ grid with additional grid refinement along the road 

networks consisting of 3’x3’ grids along the road network that extends approximately 12 feet on 

each side of the centerline of the roadway. USGS Topographic data was utilized with a 1 meter 

resolution of the drainage area to establish the topography of the 2D mesh. 

 

The following variables were established for the 2D mesh based on land cover data and aerial 

imagery, mapping for each variable is included in the Appendix: 

 

Variable Minimum Value Maximum Value 

Manning’s n 0.02 0.1 

Curve Number 30 98 

% Impervious 0% 100% 

 

These values were assigned based on values from the HEC-RAS User’s Manual. Note that the 

initial abstraction was set to 0.2. 

 

In addition to the 2D mesh, a storage area was defined for the recently constructed Sagamore 

Park underground basin. The storage area provides 0.583 acre-feet of storage and is 

hydraulically connected to the pipe system in Belle Avenue. The elevation-storage data was 

obtained from Fastech Consulting Engineers. 

 

A pipe network was also created in the HEC-RAS model which connects the overland flow of 

the 2D mesh to the pipe system. Township survey information was utilized for size, shape, 

material, and inverts of the pipe system. In addition manning’s n values were assigned based on 

pipe material. Inlet structures, junctions, and manholes were assumed to be 4’ x 4’ structures. 

 

Boundary Conditions were established along the perimeter of the drainage area for the 

discharge of stormwater outside of the study area. 
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Rainfall Data: 

 

The National Oceanic and Atmospheric Administration (NOAA) Atlas 14 rainfall data for Bergen 

County was utilized to develop a precipitation hydrograph for the drainage area. The 25-year, 24 

hour duration storm event was utilized with a rainfall depth of 6.28 inches. A rainfall distribution 

was established in 6-minute increments for the entire duration of the storm utilizing the NOAA 

Type D rainfall distribution. 

 

The rainfall was applied uniformly to the entire drainage area. No other sources of stormwater 

runoff was introduced to the system. 

 

Time Step and Computation Settings: 

 

A computational interval of 0.1 seconds was established for the model, with an output interval of 

5 minutes for Mapping, Hydrograph and Detailed Output. The Diffusion Wave equation was 

utilized for both the 2D flow and pipe system. The model simulation time was set at 30 hours 

starting at the beginning of the storm event and extending 6 hours past the end of the storm 

event.  

 

Existing Conditions: 

 

The model was run with the parameters described above to establish baseline conditions for the 

drainage area. The results were compared against known impacted locations in the drainage 

area for validity of the model. It was found that the locations where flooding was historically 

found were consistent with the model results.  

 

As referenced in Section B above, the Township of Teaneck installed two (2) separate 

improvements to the stormwater conveyance system. These improvements have been 

incorporated into the existing conditions model and have not been credited under the proposed 

conditions to ensure that all proposed improvements will present further benefits beyond what 

has already been constructed. 

 

Proposed Conditions: 

 

The proposed conditions utilized an iterative process to modify the existing conditions model by 

supplementing proposed pipe to increase the capacity of the storm network and reduce flooding 

of the impacted area noted earlier in this report. It was found that a parallel pipe system in the 

vicinity of the redevelopment area provided a reduction in the depth of flooding in the impacted 

area. The extent of the proposed improvements include seven proposed parallel pipes 

extending from the existing underground culvert located at the intersection of Beverly Road and 

Belle Avenue. The parallel pipping system continues through the Block 819 redevelopment 

area, across Cedar Lane, and continues along American Legion Drive to the southern limit of 

the Block 707 redevelopment. 
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D. DESIGN SUMMARY AND CONCLUSION 

 

Stormwater Conveyance System Pipe Capacity: 

 

The hydrologic and hydraulic model was run using the parameters and proposed improvements 

described above to establish a parallel pipe system supplementing the existing conveyance 

infrastructure in the vicinity of the redevelopment area. Under existing conditions, which include 

the Township of Teaneck’s Sagamore Park basin, the stormwater conveyance system’s pipe 

flow is calculated at 5,001.48 cubic feet per second (CFS). In the proposed conditions model, 

incorporating the Cedar Lane CBD Redevelopment off-site drainage improvements, the 

stormwater conveyance system achieves a flow rate of 5,755.46 CFS, representing an 

improvement of 15.10% compared to existing conditions for the 25-year rainfall.  

 

In addition to improving performance during the 25-year storm event, the expanded stormwater 

conveyance system, including the installation of additional parallel piping, creates additional 

subsurface storage and flow capacity, allowing the system to temporarily detain and transport 

higher volumes of runoff during the smaller and more frequent rainfall events. Further, the 

proposed project is reducing impervious cover on-site. As a result, above-ground flooding 

volumes and extents are reduced, and overall system capacity is improved. 

 

To demonstrate how a smaller, and more common storm performs in this new system, our office 

simulated a recent rainfall event, shown in the table below, to provide a real-world example of 

the reduction in above-ground flooding areas under the proposed improvements. The simulated 

event corresponds to October 30, 2025 rainfall, and the effectiveness of the proposed 

improvements is presented as a percentage reduction in the fourth column. 

 

Flood Depth Existing (SF) Proposed (SF) % Reduction in Area 

< 0.25 487,713 396,446 18.7% 

< 0.50 312,707 190,308 39.1% 

< 1.00 237,767 116,681 50.9% 

< 3.00 131,241 38,456 70.7% 

> 3.00 86 11 87.5% 

Table 1. Proposed Drainage Improvement Model (2025 - Halloween Storm) 

 

These upgrades to the stormwater conveyance system increase subsurface storage and overall 

conveyance capacity, which in turn reduces above-ground flooding volumes and extents 

throughout a wide range of storm events. 
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Overall, the expanded conveyance capacity is expected to reduce localized flooding and 

enhance system performance, specifically related to flow rate, for the 25-year rainfall event as 

well as smaller and more frequent design storms. 

 

Conclusion: 

 

Based on the hydrologic and hydraulic modeling completed for both existing and proposed 

conditions, the implementation of a parallel pipe system, working in coordination with the 

existing stormwater conveyance infrastructure, demonstrates clear improvements to stormwater 

management within the surrounding redevelopment area. The proposed design results in the 

following key enhancements: 

 

• An increase in system capacity and compliance with the specified performance criteria 

• An increase in landscaping and vegetative areas throughout the proposed development 

• An increase in the runoff capacity of the stormwater conveyance system 

• A reduction in flooding depth in the immediate surrounding Belle Avenue area 

• A reduction in impervious and motor vehicle coverage when compared to existing 

conditions 

• Substantial compliance with local and state stormwater management regulations. 

Specifically , the project will achieve 

o Compliance with NJAC 7:8 Stormwater Runoff Quality Standards  (NJAC 7:8-5.5) 

o Compliance with NJAC 7:8 Stormwater Runoff Quantity Standards  (NJAC 7:8-

5.6) 

o Compliance with NJAC 7:8 Stormwater Runoff Green Infrastructure Standards  

(NJAC 7:8-5.3) 

o Compliance with NJAC 7:8 Groundwater Recharge Standards (NJAC 7:8-5.4) 

o Compliance with Teaneck Township Stormwater Management Ordinance 

requirements (§38-3) 

 

The proposed improvements introduce approximately 1,350 LF of parallel pipe extending from 

Beverly Road through the Block 819 redevelopment area and continuing along American Legion 

Drive to the Block 707 redevelopment limits. These additions provide extra capacity in the 

portion where the bottleneck occurs, representing an approximate 15.10% increase during the 

25-year rainfall event, and delivers significant performance enhancements during smaller, more 

frequent storm events. Overall, these improvements effectively improve flooding conditions 

within Belle Avenue and the immediate vicinity.  



 

   
   
  

 

APPENDIX 



 

   
   
  

 

 

DRAINAGE IMPROVEMENT SKETCH, PREPARED BY 
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CURVE NUMBER, IMPERVIOUS COVERAGE, AND 

MANNING’S N VALUE MODEL COVERAGE MAPPING 
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Introduction
• There are drainage complaints in the area of Belle Ave/Beatrice Street and 

Belle Ave/Beverly Road and street flooding was reported during tropical 
storm Ida in 2021.

• The Township had a meeting with residents of the impacted area in second 
week of October 2021 and initiated this drainage study.

• The purpose of this draft presentation is to provide a brief update of the 
findings and conceptual recommendations to address the drainage issues. 
A final report will be issued which will provide a complete, detailed analysis 
and recommendations

• This stage of the project is not for the purpose of construction, but rather 
to provide the Township with an understanding of the existing conditions, 
proposed remedies, and ballpark costs for the proposed improvements.
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Belle Ave 
Drainage 
Area
Belle Avenue Drainage Area 
Consists of approximately 
175 Acres of Land

3



Study 
Objective
• Although the total drainage

area is approximately 175
acres, the study is focused on
the areas where frequent
flooding is reported.

• The existing piping network
throughout the drainage basin
is undersized and is unable to
convey the storm water from
the 25 years or the 100 year
storm events. But fixing the
whole piping network will be
cost prohibitive.

4



5



Tasks 
Completed

• A detailed topographic survey of the area was carried out

• An inventory of existing drainage facilities within the 
study area (confirmed pipe sizes, material, 
inverts/slopes, alignments, configurations etc.)  was 
developed.

• Using the existing topography and existing drainage 
inventory, a baseline hydraulic model to analyze how the 
system performs under existing conditions was prepared.

• Impacted residents were surveyed to cross check 
computer model with actual experience

• A number of alternative drainage combinations were 
created and hydraulic analysis was done to come up with 
recommendations that will improve the flooding 
situation.

6



Existing Conditions
• There is a 36” drainage pipe running from Sagamore Avenue to Beverly 

Road
• There is almost no slope in this pipe from Belle Avenue to Beverly Road 

severely due to topology of the area impeding conveyance capability of this 
pipe

• Feeding pipes are directly connected to the main pipe without any 
structure causing hydraulic pressure in an uncontrolled fashion

• It has a number of 12” pipes feeding into it along the way
• It takes a sharp 90 degree turn on Beverly Road and another sharp 90 

degree turn on Beverly Road Parking lot while converting into a 42” pipe
• Another 12” pipe merges into the main pipe at this juncture

7



Existing Conditions
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Hydraulic Issues – Abrupt Alignment Changes
• Water flow within a pipe network can be easily compared to 

cars travelling along a highway – consider Route 78… 
• If the Department of Transportation were to construct a 90-degree 

bend in the middle of the free-flowing highway, there would be a 
significant traffic delay, as people apply the breaks to make the 
hard turn - this can be compared to water being forced to slow 
down in a pipe network. 

• However, unlike brakes slowing down a car, the rain cannot be 
stopped. As such, when the water is forced to slow down when 
making an abrupt deflection in the alignment, it will take the path 
of least resistance, which is often vertically. 

• This  means  that  the  water  level  is  forced  to  rise,  which  can  
lead  to stormwater surcharging above the rim of an inlet or 
manhole, and lead to flooding. 
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Hydraulic Issues – Undersized Pipes
• Water flow within a pipe network can be easily compared to cars travelling 

along a highway – consider Route 78… 
• If the Department of Transportation merges multiple two-lane highways into a single

two-lane highway, traffic flow would be severely impeded, leading to backups.

• Similarly, an undersized drainage pipe will only permit a certain amount of flow through
it, despite however much rain continues to fall. This wall cause water levels within the
system to rise, surcharging water, forcing water to find alternate paths down the slope.

• It should be noted that the engineering design standards likely in effect when the
systems were constructed were not necessarily comparable to those of current practice.
Additionally, the watershed itself may have been significantly more pervious, consisting
of woods and open space rather than paved roads and driveways, houses, patios, etc.,
all of which contribute to additional stormwater runoff entering the drainage systems.

• Current and future developments are held to much higher engineering standards
related to stormwater than those even prior to 2004. Most development projects are
often required to provide detention in order to reduce post-construction peak runoff
rates below pre-construction runoff rates (N.J.A.C. 7:8, updated)
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Hydraulic Issues – Lack of Slope
• Continuing on the same traffic flow analogy, slope adds velocity 

to the water flow…
• If you happen to have a few large tractor trailers on a highway moving 

very slowly, traffic flow along the highway will be severely impeded, 
leading to backups

• Due to very flat placement of the main drainage pipe, the conveyance 
velocity slows down as water volume increases. It means water level is 
forced to rise in upstream structures, which can lead to stormwater 
surcharging above the rim of an inlet or manhole, and lead to flooding.
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Hydraulic Issues –
Challenging 
Topology
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Resident’s 
Feedback
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Manholes at 
Cumberland & 

Claremont

Intersection of 
Belle & Beatrice

Existing Condition  - Analysis 
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Existing Condition Simulation
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Storm Events – Design Consideration
• Storm frequency for design consideration relates to a probability of a given design storm 

being met or exceeded in a given time period: 
• A 100-year storm has a 1/100 (1%) chance of occurring once per year. 
• A 25-year storm has a 4% chance of occurring once per year 
• It’s possible to have (3) 100-year storms in 1 year or no 1-year storms for 5 years; these are probabilities, not predictions… 

• For example, on September 4, 2021, 2.72 inches of rain fell in Teaneck, NJ (duration 
unknown): 

• If the storm’s duration was: 
• 0.5 hours →200-year storm 
• 1.0 hours → ~25-year storm 
• 2.0 hours →> 10-year storm 
• 3.0 hours → ~10-year storm 
• 24 hours → ~1-year storm 

• Storm systems are not designed for flash flooding events (i.e. high-intensity, short 
duration storms). 

• Storm systems are typically designed for a 10-25-year design storm per RSIS. However, 
topography  and  existing  downstream  conditions  may  cause some limitations. 

• In tropical storm Ida, Teaneck had 6.92 inches of rain in 8 hours. This was a 200 years 
storm event

16



Finding the Solution
• The purpose of this study was to develop conceptual-level improvements to address the 

drainage issues. 
• Using the baseline model prepared for the existing conditions, problem areas were 

identified based on hydraulic modeling and proposed remedies for these areasin order 
to alleviate drainage issues. AutoDesk Storm and Sanitary Analysis 2022 SW for hydraulic 
modeling was utilized.

• Proposed drainage improvements were introduced in the model and prepared iterations 
of hydraulic models to analyze the effect of the proposed improvements on the drainage 
systems. Subsequently, when reviewing the various iterations, some were not viable 
when considering existing topographic and infrastructure conditions, and the process 
was repeated. 

• Conceptual-level improvements are not ready for construction at this time. The 
surveying and mapping used for the project thus far were only performed for concept 
planning. 

• In  order  to  develop  final,  construction-level plans,  the  next  phase  of  the  project  
must  be undertaken.  This would include a significant expansion of the topographic 
surveying, as well as a full inventory of the existing utilities within the roadway. 

17



Possible Solutions
• Some of the possible solutions to mitigate flooding could be:

Solution Challenge

Abrupt bends should be eliminated There are too many utility conflicts and the cost can easily 
sky rocket making this solution cost prohibitive

Replace undersized pipes with properly 
sized pipes

The current 36” pipe is the maximum size that could be put 
in that street. 

Slope the pipes adequately to address 
conveyance issues

There is not enough slope in the ground due to extreme 
flatness

• The only viable approach that works in the proposed modeling 
consists of redirecting and storing the water surcharge to give the 
system enough time to recover. This is analogous to putting a portion 
of the traffic on a detour and another portion in a parking lot for 
some time. 

18



Recommendations
• Construct a detention system in Sagamore Park. This will redirect the 

water at Cumberland Avenue towards the detention system and will 
reduce the water going towards Belle Ave and Beatrice Street 
intersection. The overflow of this system will be directed towards 
Windsor Road outfall

• Construct a bypass drainage pipe on Ester Avenue to prevent water 
going towards the main 36” drainage pipe on the intersection.

• Construct a detention system in Beverly Road Parking Lot to reduce 
the abrupt bend impact and store water surcharge to reduce flooding 
on that intersection

• Build Bioswales on select locations upstream between route 4 and 
Sagamore Avenue to reduce water flowing towards Belle Avenue

19
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1. Overview  
Belle Avenue, located in the southwest quadrant of the Township of Teaneck, Bergen County, has 
a long-standing history of recurrent flooding that negatively affects the surrounding residential 
community. During storm events, the section of Belle Avenue between Beatrice Street and Beverly 
Road is frequently inundated with more than a foot of water, leading to roadway closures and 
significantly impacting the quality of life for residents. 

This drainage study assesses the existing conditions of the Belle Avenue drainage basin, 
investigates the likely causes of flash flooding, and proposes a mitigation strategy to reduce the 
frequency and severity of future flood events. 

The primary issue is that large, intense storms rapidly overwhelm the undersized drainage system 
on Belle Avenue, resulting in flash flooding within minutes. The existing stormwater pipes must 
manage runoff from a large contributing drainage area north of Belle Avenue, often reaching 
capacity before they can adequately drain the immediate area. Once these pipes are full, excess 
stormwater overflows from inlets onto the street. Belle Avenue’s flat topography and position as a 
local low point further exacerbate flooding, allowing surface water to collect with little opportunity 
for drainage. 

To address these issues, this study proposes increasing the capacity of the drainage system. A new 
subsurface detention system would temporarily store large volumes of stormwater diverted from 
the main drainage line and release it back into the system at a controlled rate. By slowing the flow 
into the existing system, this approach would allow the infrastructure to function more effectively, 
relieve the bottleneck, and reduce flooding along Belle Avenue. 

2. Existing Site Conditions 
Study Area 

The focus area—Belle Avenue between Beatrice Street and Beverly Road—lies within a 178-acre 
suburban drainage basin spanning approximately 1.4 miles from Reis Avenue (north) to Terhune 
Street (south). The area is mostly comprised of Residential Single family homes, with a 
recreational park nearby.  

Drainage Infrastructure 

For this study, the basin is divided into two sub-areas: 

 Northern Sub-Basin: Located north of NJ Route 4 

 Southern Sub-Basin: Located south of NJ Route 4, where the area of concern is situated 

The existing drainage infrastructure includes curb and gutter systems to direct surface flow, inlets 
to channel water underground, and a network of pipes and manholes to convey stormwater from 
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north to south. Drainage from the Northern Sub-Basin enters the Southern Sub-Basin through two 
24-inch parallel pipes that pass beneath Route 4, merging into a single 30-inch stormwater main 
aligned with Belle Avenue. 

This main pipe acts as a critical conduit for the entire basin, receiving combined flow from the 
north and collecting additional runoff from lateral pipes in the south. As the main runs along Belle 
Avenue between Route 4 and Beverly Road, it increases from a 30-inch to a 36-inch reinforced 
concrete pipe (RCP). It then transitions into a 42-inch pipe beneath the municipal parking lot, 
continues through Cedar Lane, and eventually discharges near Terhune Street. 

Topography 

The basin’s topography generally slopes southeast, with higher elevations near Reis Avenue and 
lower elevations beyond Belle Avenue toward Terhune Street. Belle Avenue itself is a local low 
point, surrounded by higher ground. The terrain in the immediate area is relatively flat, with some 
sections exhibiting grade differences of less than 1%. A notable grade change occurs between 
Beverly Road and Cedar Lane, creating a bowl-like condition where Belle Avenue serves as a 
collection point for runoff flowing from all directions. 

Climate Considerations 

The drainage infrastructure in this area is over 50 years old and was not designed to accommodate 
the intensity of modern storm events. Recent weather patterns, driven by climate change, have 
become more extreme, highlighting the inadequacy of the existing system. As storms are projected 
to grow in frequency and intensity, increasing the system’s capacity is essential to effectively 
manage future flood risks. 

3. Stormwater Runoff Methodologies 
To determine the stormwater runoff in this drainage basin, the USDA Natural Resources 
Conservation Service (NRCS) method was used. This method is perhaps the most widely used 
approach to hydrology in the United States and provides several techniques that are useful for 
modeling small urban watersheds. It utilizes the SCS runoff equation to predict the peak rate of 
runoff as well as the total volume. The runoff calculation equation and parameters are described 
in the following sections: 

3.1  Rainfall Data 

Intensity frequency-duration (IDF) data is one of the most common means of defining the rainfall 
characteristics at any given location. Each IDF curve defines the rainfall intensity (i) that will occur 
for a specified duration (d) at a certain rainfall frequency or return period (T).  

Precipitation data of Teaneck, New Jersey, USA, from NOAA Atlas 14, volume 2, version 3 were 
used for the development of the IDF of the area. Rainfall intensity was used from 2-, 10-, 25-, and 
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100-year storms for rain storms up to 24 hours in duration (Table 1). The 24-hour storm of a 25-
year return period has been used to evaluate the existing drainage network.  

Table 1 Rainfall Intensities (inches) 

Duration Reoccurrence of Storm (Years) 
2 10 25 100 

5-min 0.404 0.54 0.613 0.719 

10-min 0.64 0.849 0.96 1.12 

15-min 0.795 1.06 1.2 1.4 

30-min 1.09 1.51 1.74 2.09 

60-min 1.35 1.95 2.3 2.84 

2-hr 1.66 2.43 2.9 3.67 

3-hr 1.85 2.72 3.25 4.14 

6-hr 2.39 3.49 4.18 5.35 

12-hr 2.95 4.35 5.25 6.83 

24-hr 3.3 4.97 6.12 8.18 

 

3.2   Stormwater Runoff Equation 

The Natural Resource Conservation Service (NRCS) derived a relationship between accumulated 
rainfall and runoff from experimental plots for numerous soils and vegetative cover conditions. 
The following NRCS runoff equation was used to estimate direct runoff from 24-hour or 1-day 
storm rainfall: 

𝑄 =
(𝑃 − 𝐼௔)ଶ

(𝑃 − 𝐼௔) + 𝑆
 

Where: 
Q = volume of accumulated runoff (in) 
P = accumulated rainfall (potential maximum runoff) (in) 
S = potential maximum retention of rainfall on the watershed at the beginning of the storm (in),  

𝑆 =
1000

𝐶𝑁
 

Ia = initial abstraction, including surface storage, interception, and evaporation,  
𝐼௔ = 0.2(𝑆) 

 
After adding the values of the initial abstraction, Modified NRCS Runoff Equation: 

𝑄 =
(𝑃 − 0.2𝑆)ଶ

𝑃 + 0.8𝑆
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3.3 Hydrologic Soil Group  
 
Soil properties influence the relationship between runoff and rainfall since soils have differing 
rates of infiltration. Based on infiltration rates, the NRCS has divided soils into four hydrologic 
soil groups: A, B, C, and D. Below is a list of these classifications with their definitions as provided 
in Urban Hydrology for Small Watersheds (TR55) from NRCS. 
 
Group A- Soils with low runoff potential and high infiltration rates even when thoroughly 

wetted. They consist chiefly of deep, well to excessively-drained sand or gravel and 
have a high rate of water transmission (greater than 0.30 in/hr). 

  
Group B- Soils with moderate infiltration rates when thoroughly wetted consist chiefly of 

moderately deep to deep, moderately well to well-drained soils with moderately fine 
to moderately coarse textures. These soils have a moderate rate of water 
transmission (0.15- 0.30 in/hr). 

  
Group C- Soils with low infiltration rates when thoroughly wetted consist chiefly of soils with 

a layer that impedes downward movement of water and soils with moderately fine 
to fine texture. These soils have a low rate of water transmission (0.05-0.15 in/hr) 

  
Group D- Soils with high runoff potential. They have very low infiltration rates when 

thoroughly wetted and consist chiefly of clay soils with a high swelling potential, 
soils with a permanent high-water table, soils with a claypan or clay layer at or near 
the surface, and shallow soils over nearly impervious material. These soils have a 
very low rate of water transmission (0-0.05 in/hr). 

 
The study area is mostly Hydrologic Soil Group C with a moderate slope.  

3.4   Runoff Factor – Curve Number (CN) 

The principal physical watershed characteristics affecting the relationship between rainfall and 
runoff are land use, land treatment, soil types, and land slope. The NRCS method uses a 
combination of soil conditions and land uses (ground cover) to assign a runoff factor to an area. 
These runoff factors, called runoff curve numbers (CN), indicate the runoff potential of an area. 
The higher the CN, the higher the runoff potential.  

Several factors, such as the percentage of impervious areas and the means of conveying runoff 
from impervious areas to the drainage system, should be considered in computing CN for 
developed areas. The NRCS runoff curve number (CN) for different urban land uses is shown in 
Figure 1. The characteristics of the study area can be described as having ½-acre avg. lot size, 
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residential zoning, with a 25% impervious area. The associated curve number for the study area 
has been adopted to be (CN=80).  

Figure 1 – Runoff Curve Numbers for hydrologic soil groups in Urban Areas 
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3.5  Antecedent Soil Moisture Conditions (AMC) 

The antecedent soil moisture conditions (AMC) specify the moisture level in the ground before 
the storm. The four AMC conditions are: 

Table 2 AMC Conditions 

AMC -I DRY 
AMC-II Normal 
AMC-III Wet  
AMC-IV Saturated or frozen 

 

It is common practice to use the AMC-II condition for most design work. Therefore, the AMC-II 
condition has been used in the current analysis.  

3.6  Time of Concentration 

The time for runoff to travel from the hydraulically most distant point of the watershed to a point 
of interest within the watershed. TC influences the shape and peak of the runoff hydrograph. 
Urbanization usually decreases Tc, thereby increasing the peak discharge. The factors affecting the 
time of concentration are surface roughness, channel length, and slope. The Kirpich Method has 
been used to estimate the time of concentration for each sub-basin. For a channel-flow component 
of runoff, the Kirpich equation is: 

 

𝑇𝑟𝑎𝑣𝑒𝑙 𝑇𝑖𝑚𝑒 = 𝐾 ∗ 𝐿଴.଻଻ ∗ 𝑆ି଴.ଷ଼ହ 

3.7  Hydrograph 

The US Department of Agriculture Soil Conservation Service has developed several techniques 
for analyzing stormwater runoff. One of the most widely used is the runoff Hydrograph method. 
The runoff hydrograph consists of a series of ordinates (ft3/sec or m3/sec) at evenly spaced 
intervals “dt”. Each ordinate specifies the average flow during the interval.  

3.8  Drainage Pipe Capacity 

Pipe capacity and stormwater flow through pipes can be calculated using Manning’s Energy 
Equation. 

𝑄 = 𝑉𝐴 = ൬
1.49

𝑛
൰ 𝐴𝑅

ଶ
ଷ√𝑆 

 
Where: 
Q = Flow (cubic feet per second) 
V = Velocity (feet per second) 
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A = Flow Area (square feet) 
n = Manning’s Roughness Coefficient (unitless) 
R = Hydraulic Radius (feet) 
S = Channel Slope (feet in height/feet in length) 
 

4. Stormwater Drainage Model - HYDROCAD 
To analyze stormwater runoff using the principles listed above, a drainage model was developed 
in HYDROCAD software. The available information included the tax map (for the property 
boundaries and streetscape), Google Earth elevation data, two surveys (for the topography of the 
surface in the basin), and the use of drainage maps (that show the larger stormwater pipe network 
that spans the basin). All these items, in conjunction with one another, were used to create a model 
of the existing conditions of the drainage network. Through the modeling and analysis of the 
existing network, the cause of flooding on the span of Belle Avenue from Beatrice Street to Beverly 
Road can be identified. 

For this study, the behavior of stormwater in the northern sub-basin was not a concern. Flooding 
occurs along Belle Avenue in the southern sub-basin; as such, only the volume of water runoff 
carried from the northern sub-basin to the southern sub-basin needed to be accounted for. To 
calculate the volume of runoff, an “imaginary headwall” was included in the model where the twin 
24” pipes cross beneath Route 4. This allows for the volume of surface runoff to be properly 
“collected” and calculated, without creating a pipe network. After, the calculated volume of 
stormwater runoff was added to the northmost point of the southern sub-basin (at the exit of the 
twin pipes underneath route 4). The surface topography and tax map were still used when creating 
the model of the northern sub-basin, in addition to graphical representations of the stormwater pipe 
network. 

The model of the southern sub-basin needed to be analyzed more closely to identify the causes of 
flooding along the span of the flood area. As such, the model includes all above-ground and 
underground drainage infrastructure. The southern sub-basin includes functioning Inlets, 
manholes, storm pipes, and outfalls. 

The HydroCAD is an integrated solution for the analysis, design, and documentation of complete 
drainage systems using standard hydrograph techniques. Compared to other programs requiring 
several separate modules, HydroCAD is faster, easier to use, costs less, and does much more. It 
provides a wide range of commonly used hydrology and hydraulics capabilities, including SCS, 
NRCS, and SBUH runoff hydrology, Hydrograph routing through ponds & reaches, Automatic 
Pond storage calculations, including embedded storage chambers, and Easy management and 
reporting of multiple rainfall events, etc.  
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5. Existing Drainage Network  
The existing drainage network based on the above-mentioned methodology has been modeled on 
HYDROCAD. 

After completing the model development, a stormwater analysis was conducted for 10-year and 
25-year storms. The analysis indicates that during a 10-year storm, 45% of the pipes are unable to 
handle the volume of stormwater runoff. This percentage increases to 54.5% during a 25-year 
storm. Notably, this includes segments of the 36” and 42” reinforced concrete pipes (RCP), which 
serve as the primary stormwater conduits from Belle Avenue beneath Cedar Lane. Additionally, 
several contributing pipes and inlet structures along the main storm sewer line were found to be 
over-capacity.  

 

Figure 2 Existing HYDROCAD Layout 

6. Proposed Drainage Network 
The analysis focused on evaluating several design alternatives within the drainage network to 
address flooding in the area. Different configurations were simulated using HYDROCAD to 
determine their effectiveness in managing stormwater runoff on Belle Ave. Among the options 
considered, an underground stormwater detention system was determined to be most successful in 
mitigating excess flow and providing relief to the existing drainage system. Subsurface detention 
systems are widely recognized for their ability to temporarily store runoff and reduce peak 
discharge rates. 

To manage flooding at Belle Avenue, a subsurface detention system with a storage capacity of 
0.583 acre-feet (consisting of twelve 42-inch diameter pipes, each 220 feet in length) is proposed 
to be installed at Sagamore Park. This system includes controlled inflow and outflow mechanisms 
using orifice and weir structures to regulate discharge. After evaluating all alternatives, the 
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proposed infrastructure layout outlined below was identified as the most effective and has been 
adopted as the final design solution. 

6.1 Proposed Layout 

In the proposed layout, Pipe 82 has been converted into a detention pipe storage system equipped 
with an outlet control device featuring an orifice. This modification allows for controlled discharge 
toward the main sewer line, as well as diversion to the detention system. A 36-inch orifice is 
designated for the secondary outflow directed to the detention facility, while a 15-inch orifice 
regulates the primary outflow to Pipe 83. 

Once water enters the detention system, the design includes a primary discharge to Pipe 84 through 
a broad-crested rectangular weir combined with an orifice. Additionally, a secondary outflow is 
facilitated by a 12-inch orifice to manage excess flow. The summary of the design and flow 
conditions for the 10-year and 25-year storms is briefed in the following sections.   

 

Figure 3 Proposed HYDROCAD Layout 

6.2 Design and Flow Conditions for 10-Year Storm 

1. Pipe 82 Modification: 

o Converted to 36” pipe storage pond. 

o Primary outflow: 9.25 ft³/s to Pipe 83. 

o Secondary outflow: 42.75 ft³/s to the detention system. 
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2. Detention System: 

o Capacity: 0.583 acre-ft (42” diameter, 12 pipes, 220 ft length). 

o Inflow: 42.75 ft³/s. 

o Outflow: 36.35 ft³/s primary, 2.83 ft³/s secondary. 

o Attenuation: 7.9-minute lag. 

3. Pipe 84: 

o Inflow: 57.0 ft³/s. 

o Capacity: 50.15 ft³/s, resulting in a 6.85 ft³/s overflow. 

Hydrographs of pipe 82, the detention system, and pipe 84 are shown in Table 3 of APPENDIX 1.  

6.3 Design and Flow Conditions for 25-Year Storm 

1. Pipe 82 Modification: 

o Converted to a 36” pipe storage pond. 

o Primary outflow: 10.07 ft³/s to Pipe 83. 

o Secondary outflow: 48.49 ft³/s to the detention system. 

2. Detention System: 

o Capacity: 0.583 acre-ft (42” diameter, 12 pipes, 220 ft length). 

o Inflow: 48.49 ft³/s from Pipe 82. 

o Outflow: 41.1 ft³/s primary, 3.85 ft³/s secondary. 

o Attenuation: 6.4-minute lag. 

3. Pipe 84: 

o Inflow: 63.7 ft³/s (41 ft³/s from detention, remainder from sub-catchments). 

o Capacity: 50 ft³/s, resulting in a 13 ft³/s overflow. 

Hydrographs of pipe 82, the detention system, and pipe 84 are shown in Table 4 of APPENDIX 1.  

7. Findings 
Following the analysis and modeling of the drainage network in HYDROCAD, it is concluded that 
the implementation of a detention system at Sagamore Park leads to a complete (100%) elimination 
of flooding at Pipe 83 for both the 10-year and 25-year storm events. In contrast, Pipe 84 continues 
to experience a flood volume of 4.5 cfs during a 10-year storm. For the 25-year storm, an overflow 
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of 12 cfs still occurs at Pipe 84 in the proposed layout. Notably, the detention system achieves a 
substantial reduction of approximately 19 cfs in flood volume at the location of Pipe 83. To address 
the remaining flooding at Pipe 84, further improvements could include expanding the storage 
capacity of the detention system or increasing the rate of secondary outflow. 

To address the residual overflow at Pipe 84, consider increasing the detention volume at Sagamore 
Park or optimizing the outlet configuration to allow for greater secondary discharge. 

Pipes 105 and 106 should be evaluated for replacement with larger diameter and steeper gradient 
pipes to accommodate the 17 cfs runoff from Structures 185 and 186 and reduce flooding at Pipe 
85. 

8. Analysis at Belle Avenue and Beatrice Road Intersection 
It was observed that, in both the existing and proposed layouts, there is no significant reduction in 
flooding at Pipe 85, located at the intersection of Belle Avenue and Beatrice Road. This is primarily 
due to storm runoff from two contributing sub-catchments (Structures 185 and 186), which 
generate a combined flow of approximately 17 cfs. The associated connection pipes (Pipe 105 and 
Pipe 106) are undersized and have insufficient slope, limiting their capacity to convey the runoff 
effectively. 

 

Figure 4 Pipe 85 location 
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Figure 5 Resulting Hydrograph of Pipe 85 
 

9. Conversion of Pipe 90 at Belle Avenue and Beverly Road 
Intersection 

In the existing drainage network, Pipe 90, which receives inflow from Pipe 223 running along 
Belle Avenue, is operating at full capacity. To address this issue, Pipe 90 has been upgraded to a 
box culvert in the proposed design to evaluate its impact on flood reduction. This modification 
significantly increases the flow area, with the new box culvert measuring 4 feet by 9 feet. The 
location, along with the existing hydrographs and the updated HYDROCAD layout, is presented 
below. 
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Figure 6 Existing pipe 90 location 

 

Figure 7 proposed HYDROCAD culvert layout 
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Figure 8 Existing Pipe 90 hydrograph for 25-year storm 

 

10.  Conclusion  
The drainage analysis and modeling using HYDROCAD for the Belle Avenue watershed area have 
provided critical insights into the causes of flooding and the effectiveness of proposed mitigation 
measures. The introduction of an underground detention system at Sagamore Park has proven 
highly effective, eliminating flooding at Pipe 83 for both the 10-year and 25-year storm events. 
This system has also contributed to a significant flood volume reduction—approximately 19 cfs—
at this location. 

However, challenges remain in other parts of the network. Pipe 84 continues to experience 
flooding, with a persistent overflow of 4.5 cfs under the 10-year storm and 12 cfs under the 25-
year storm. This indicates that the current storage volume and outlet configuration may be 
insufficient for fully managing the flow in this area. 

Furthermore, Pipe 85, located at the intersection of Belle Avenue and Beatrice Road, shows only 
marginal improvement under the proposed layout. This is attributed to high runoff contributions 
from Structures 185 and 186, coupled with undersized and low-slope conveyance pipes (Pipes 105 
and 106), which restrict flow capacity. 

In the downstream network, Pipe 90 was originally at capacity under existing conditions due to 
inflow from Pipe 223. In response, it was upgraded to a 4' x 9' box culvert in the proposed design, 
significantly enhancing its flow capacity. This modification is expected to help alleviate localized 
flooding in that section of the network. 
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11.  Recommendation 
The findings of this study confirm that the existing drainage system on Belle Avenue is 
inadequate to handle major weather events. Key characteristics of the study area, such as flat 
topography, undersized pipes, and a large drainage area, make it a critical part of the overall 
drainage basin. Through hydraulic analysis, several potential solutions were explored to 
address flooding issues. The most effective option is the installation of an underground 
detention system at Sagamore Park, which will provide additional temporary storage and 
enhance the overall drainage system’s performance – thereby eliminating flooding at Belle 
Avenue. 
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APPENDIX 1 
 

Table 3 – Hydrographs for 10-Year Storm 

Pipe 
Number 

Hydrograph 

Pipe 82 

 
Detention 
pond 
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Table 4 – Hydrographs for 25-Year Storm 

Pipe 
Number 

Hydrograph 

Pipe 82 

 

Pipe 84 
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Detention 
pond 

 
Pipe 84 
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APPENDIX 2 
 
 

Schematic of Proposed Underground Detention System in Sagamore Park 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

The schematic has been provided for visual aid and is not intended to convey the actual 
engineering design for the proposed project.  
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APPENDIX 3 
 

Location Map 
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