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I. INTRODUCTION

This project was designed to accommodate the stormwater runoff conditions that occur as a

result of the building additions and the expansion of the existing parking lot and drop off areas at

West Windsor-Plainsboro High School South.  The construction will increase the existing

parking lot from 296 parking spaces to 305 parking spaces, two future building additions and an

expanded student drop off area. The subject site is located on Clarksville-Grovers Mill Road

(C.R. # 638) in the Township of West Windsor, Mercer County, New Jersey and is identified as

Block 17.13, Lot 2 on the Township of West Windsor Tax Map. The subject site is currently

operating as a High School.

The scope of this study focuses on the overall drainage conditions resulting from the proposed

site improvements.  For the purpose of this report, the stormwater management design will only

focus on the proposed improvements.  The proposed development will disturb over an acre of

land and result in an increase of 1.57 acres of impervious surface.

The primary design constraints for this project are based on requirements established in the

Township of West Windsor Design Standards, Mercer County Design Standards, Delaware

Raritan Canal Commission (DRCC) and N.J.A.C. 7:8. More specifically, the stormwater

management design will serve to maintain existing drainage patterns to the maximum extent

practical and reduce proposed runoff rates when compared to pre-development runoff rates.

The proposed project will disturb over 1 acre and proposed impervious coverage will be

increased by more than ¼ acre; therefore, the project meets the definition of a “major

development” under N.J.A.C. 7:8.

II. EXISTING SITE CONDITIONS

The subject site consists of approximately 50.51 acres. The area of proposed improvement is

located within the northern portion of the property at the intersection of Clarksville-Grovers Mill

Road (C.R. # 638) and Princeton-Hightstown Road (C.R. # 571).  The area for the building

additions and student drop off area is already developed. The northern parking lot will expand

into an existing grass field.  The plan proposes for an above ground infiltration basin along

Clarksville Road.  The proposed improvements impacting impervious surface on the site will be

limited to an area of approximately 8.40 acres, which is the area of study this report will focus

on.   This area currently consists of 4.452 acres of impervious surface area, including roof area.
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Based on the Mercer County Soil Survey, the soil types native to the site include:

SOIL TYPE SOIL TYPE NAME HYDRAULIC
SOIL GROUP

GKAWOB Glassboro adnd Woodstown sandy loams, 0 to 5
percent slopes A/D

MBYB Mattapex and Bertie loams, 0 to 5 percent
slopes C

OrthA Orthello silt loams, 0 to 2 percent slopes,
northern coastal plain C/D

Port A Portsmouth variant silt loam, 0 to 2 percent
slopes B/D

SacA Sassafras sandy loam, 0 to 2 percent slopes,
northern coastal plain B

SacB Sassafras sandy loam, 2 to 5 percent slopes,
northern coastal plain B

SacC Sassafras sandy loam, 5 to 1o percent slopes,
northern coastal plain B

The site has been evaluated using the TR-55 ‘Urban Hydrology for Small Watersheds’

standards.  The disturbed area on this site has two drainage sheds; the northern portion beyond

the parking lot which drains to Princeton Hightstown Road.  The main drainage area will convey

stormwater to the central study point which is part of the existing internal stormwater system.

Both drainage areas ultimately discharge to the Canoe Brook.  Below is a description of the

drainage sub-watershed areas as depicted on the Existing Drainage Area Map:

Central Study Point:  This study point represents the location where all runoff from the drainage

area is collected via an existing stormwater sewer infrastructure and discharged into an existing

manhole and a 24 inch CMP pipe.   This point is where the peak flow generated by the

development will be evaluated and runoff will be controlled to ensure that the max capacity of

the pipe will not be exceeded.  This study point has been analyzed to show compliance with the

applicable NJDEP, Mercer County, DRCC and West Windsor Township regulations.

Northern Study Point:  This study points represents the drainage area which discharges

uncontrolled out to the County stormwater conveyance system on Princeton-Hightstown Road

(C.R. # 571). Impervious and pervious areas contribute to this drainage area.
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III.  PROPOSED SITE CONDITIONS

The proposed site improvements will result in an overall increase in impervious coverage of

1.571 acres. The proposed design serves to match the existing drainage patterns to the

maximum extent practical.  The school district has a future high school expansion plan that

includes the potential of a third addition that will connect the front two proposed additions.

Although it is unknown when this will be happening, we have included this area (16,807SF) in

the sizing of the basin which is also included in the 1.571 acres of increased impervious

coverage. The site has been evaluated using the TR-55 ‘Urban Hydrology for Small

Watersheds’ standards and with the following proposed drainage sub-watershed areas as

depicted on the Proposed Drainage Area Map.

Northern Study Point:  This study points represents the drainage area which flows uncontrolled

to the County conveyance stormwater system on Princeton-Hightstown Road (C.R. #571). As

part of this construction project, the total impervious and pervious areas consisting of sidewalk,

pavement and grassed areas contributing to this drainage area will be reduced.  The peak

runoff rates and volumes have been reduced because the total area and amount of impervious

surface in the drainage area thus the drainage area meets all of the requirements.

Central Study Point:  This study area consists of the developed area in the subject site located

within the north and northwestern portion of the property including the proposed parking areas,

student drop off area, sidewalks and future building additions.  The construction plans show two

proposed building additions but the proposed drainage area map shows three.  The two shown

on the plan will be constructed as phase 2 of this project.  There is no time line or definite plan

to install the third building addition as of now.  The impervious area generated by the third

building addition was included in the calculations as a precaution.  Runoff generated by the

parking lot, and landscape/grass open space areas will be collected by various on-site inlets,

routed through an aboveground infiltration basin, and ultimately discharges back into the

existing 24-inch pipe and stormwater system.  This existing 24-inch CMP pipe runs under the

existing high school.  There are two small grass areas with a size of 8,421 square feet that are

not treated prior to construction and will not be treated post construction. This area has been

included in flow calculation for the 24-inch CMP pipe and labeled as bypass.  A minimum time of

concentration of 10 minutes has been utilized for impervious coverages within this drainage

area.
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IV. DESIGN METHODOLOGY

The design intention of the proposed stormwater management facilities for this project is to

provide measures as required to address applicable aspects of the Township of West Windsor

Design Standards, Mercer County Design Standards, DRCC, New Jersey Soil Erosion and

Sediment Control Standards, and N.J.A.C 7:8.  In order to prepare the stormwater management

design for the subject project, an initial investigation of the property was performed.  On-site

review of the tract was performed by Van Cleef Engineering Associates to verify existing site

conditions and land cover characteristics.

Based upon our review of the existing site conditions and the Site Survey prepared by Van

Cleef Engineering Associate, the Drainage Area Maps for the existing and proposed site

conditions, as defined within this report, were established.  A Grading Plan was developed for

the proposed site improvements with consideration to the existing drainage patterns to the

maximum extent practicable.  The project was designed to ensure runoff from the proposed

development would meet the required peak flow rate reductions of 50%, 75% and 80% for the

2-year, 10-year, and 100-year storm events respectively.

Stormwater runoff generated by the proposed improvements will be collected via a series of

inlets, and underground pipes and conveyed into an aboveground infiltration basin and then

discharged to the Central Study Point discussed above.  The storm sewer design

accommodates the 25-yr design storm utilizing the Rational Method under free flowing

conditions.  Associated calculations are included in the Appendix of this report.

Based upon the scope of the project, the development is classified as a major development; and

therefore, the project has been designed to meet the stormwater runoff quantity set forth by the

Township of West Windsor Design Standards, Mercer County Design Standards, DRCC, and

NJAC 7:8. The following items are addressed within this report:

· Erosion control and runoff quantity standards
· Stormwater runoff quality standards
· Calculation of stormwater runoff
· Standards for structural stormwater management measures

Runoff volumes for the site were modeled utilizing HydroCAD by HydroCAD Software Solutions

LLC using the Urban Hydrology for Small Watershed TR55 method for the applicable design

storms.  The 2-, 10- and 100-year quantity design storms are based upon the New Jersey 24-

Hour Rainfall Frequency Data for Mercer County as published by the USDA NRCS utilizing a
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NOAA Curve C rainfall distribution.  Curve number calculations have been included within the

Appendix and are based upon The Hydrologic Soil Groups as identified by the Mercer County

Soil Survey. Mercer County Stormwater regulations state that all disturbed lands to be modeled

as poor condition or if the landuse is an urban or residential district it should be modeled as the

next hydrologic group after development (i.e. a “B” soil would convert to a “C” soil).  The landuse

modified in the model as Mercer County regulations require.  A minimum time of concentration

of ten (10) minutes was utilized for impervious areas. The existing and proposed time of

concentration calculations were calculated using the guidance provided within the May

2010 update of Chapter 15 of the National Engineering Handbook. Pervious and

impervious areas were modeled separately as suggested in the NJDEP Stormwater

Management Best Management Practices Manual.

Stormwater Quality standards were met capturing and infiltrating all of the runoff generated from

the NJDEP Water Quality Storm (1.25 inches in 2 hours).  The infiltration rate measured at the

proposed basin location is 0.417 in/hr.  The NJDEP Stormwater BMP Manual states that an

infiltration basin must have an in-situ permeability greater than 1 inch per hour.  The in-situ saoil

between the bottom of the basin and the top of the seasonal high water table has a permeability

less than 1 in/hour so a portion of the soil will be removed and replaced with K5 sand

(approximately 4,500 square feet).  K5 sand has a permeability of 10 in/hour after you include

the recommended NJDEP BMP Manual safety factor.  The volume of the NJDEP Water Quality

Storm runoff collected in the basin is 23,208 cubic feet. It will take 6.2 hours to drain 23,208 cf of

water through 4,500 sf of sand.  The allowable drainage time of 72 hours.

V.  RUNOFF RATE REDUCTION PERFORMANCE

The following is a comparison of overall pre- and post- development runoff rates for the

proposed project disturbance area as required by N.J.A.C. 7:8:

Existing vs. Proposed Runoff Rates to Study Point 1
Existing Runoff

(cfs) Allowable Runoff (cfs) Proposed Runoff
(cfs)

% of
Reduction

2 Year 16.69 8.34 4.97 70.61%

10 Year 27.82 20.86 7.86 70.60%

100 Year 50.26 40.20 11.04 76.36%
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The proposed aboveground infiltration basin will convey through a proposed stormwater pipe

and discharge to the existing 24-inch stormwater pipe at the Central Study Point.  The

connection between the aboveground infiltration basin and the 24” diameter corrugated metal

pipe has a slope of 0.59%.  The existing pipe will be extended 25-feet to relocated the existing

manhole out from under the proposed building. According to Manning’s equation, a 24-inch

diameter pipe made of corrugated metal pipe at 0.59% slope has a maximum capacity of 10.26

cfs.

Manning’s Equation:  q = ((kn / n) Rh
2/3 S 1/2) A

q = flow (cfs)

kn = 1.486

n = Mannings Coefficient of Roughness (0.022 for CMP)

Rh = Hydraulic Radius = Area/Wetter Perimeter.  Hydraulic Radius of a full pipe = 2 * radius

S = Slope (ft/ft)

VCEA attempted to design the system to have the peak flow at the point of study be less than

10.26 cfs.  Due to existing physical constraints, VCEA was unable to do that for the 100 year

storm.  The flow at the point of study for the 100 year storm is 11.04 cfs.  VCEA is able to

achieve a higher flow through the existing storm sewer system by allowing the existing

stormwater pipe to surcharge slightly just downstream of the point of study. Using the Hazen-

Williams Equation

Hazen Williams Equation: h100ft = 0.2083 (100 / c)1.852 q1.852 / dh
4.8655

h100ft = friction head loss in feet of water per 100 feet of pipe (fth20/100 ft pipe)
c = Hazen-Williams roughness constant

q = volume flow (gal/min)
dh = inside hydraulic diameter (inches)

To achieve a 11.08 cfs in 24” diameter CMP pipe, you need 0.763 ft of head.  The bottom invert

of the pipe is 90.46.  The elevation of the water when the pipe is full at the bottom of the pipe is

92.46.  The elevation of the water when is surcharges is 93.22.  The elevation of the lowest

outlet in the outlet structure of the basin is 93.96.  While the water will back up in the pipeline

upstream during the 100 year storm, it will not back up into the basin, the basin will also flow

under gravity flow conditions.  Also, VCEA would like to know, that the existing stormwater

system currently works this way to a much greater extreme.  Currently, the 100 year storm is
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modeled to generate a peak flow 50.26 cfs which is far greater than the allowed 10.26 cfs

through the CMP pipe.  The only reason the existing system does not back up out of the inlets is

that the system becomes pressurized and generates flows required to move the stormwater

through the pipes with any localized flooding.

VI. GROUNDWATER RECHARGE

The subject property is classified as a “major development” by the standards set forth by

N.J.A.C. 7:8. Impervious coverage on site has been increased and there is a post-development

annual recharge deficit of 59,672 cubic feet.  This site will utilize an infiltration basin to infiltrate

runoff and will provide an annual recharge volume of 147,070 cubic feet at an effective depth of

0.5 feet.  We will utilize a depth of water 1.4 feet which will produce an annual recharge volume

of 147,070 cubic feet, thus meeting groundwater recharge requirements.  The annual

Groundwater Recharge Analysis (GSR-32) spreadsheet is included in the appendix of this

report.

VIII. TEMPORARY SEDIMENT BASIN

The proposed basin will be utilized as a temporary sediment basin with a temporary riser during
construction.  Per the NJ Soil Erosion and Sediment Control Standards, Section 24, “Standard
for Sediment Basin,” The minimum width shall be determined using the following equation:

Width = 10 x (Q5)1/2

Width = 10 x (28.3)1/2

Width = 53.2 feet

The sediment storage capacity plus two-year storm runoff off volume was determined using the
following equation:

V = (DA)(A)(DR)(TE)(1/gs)(2,000 lbs/tons)(1/43,560 sq. ft/ac.)
V = (8.223)(1)(0.83)(90)(1/85)(2,000)(1/43,560)
V = 0.33 acre feet

2-year runoff volume = 0.955 ac-ft
Total sediment + runoff volume = 1.29 ac-ft

Basin volume at elevation 95.67 = 1.29 ac-ft

VII. STABILITY ANALYSIS
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Per the NJ Soil Erosion and Sediment Control Standards, Section 21, “Standard for Off-Site

Stability,” compliance has been met for the proposed discharge of stormwater/infiltration basin.

Study Point 1, the runoff will be discharged into an existing stormwater drainage system.

Downstream flows during every storm event have also been analyzed to Study Point 1 and have

been determined to meet the 50%, 75%, and 80% reductions for the 2-year, 10-year and 100-

year storm events respectively, therefore meeting the conditions of the NJ SESC Standards

Section 21-1.

The emergency spillway has been designed in accordance with Appendix A10 of NJ Soil

Erosion and Sediment Control Standards.  Two simulations were run for the emergency

spillway.  One with only the orifice turned off and one with the orifice and top of box turned off to

simulate blockages.  The maximum stormwater elevation rises above the emergency spillway

with both the top of the box and orifice turned off.  The peak elevation of the water during the

100-year storm with only the orifice turned off is 98.30.  The 2.2 cfs discharge in the emergency

condition over the 21-foot spillway width will have a velocity of 0.95 feet per second with a

maximum depth of 0.11 feet.  Per Appendix A10, the spillway is permitted to have a maximum

velocity of 2.5 feet per second.  The spillways hydrograph routings are located in the appendix

of this report.

VIII. CONCLUSION

The proposed project has been designed in a manner that will not adversely impact the existing

drainage patterns, adjacent roadways or adjacent parcels.  The stormwater runoff rates for the

2, 10, and 100-year design storms have been designed to meet the required reductions rates.

The stormwater runoff rates for the project disturbance area for the 2, 10, and 100-year design

storms meet or exceed the reduction criteria set forth by N.J.A.C. 7:8 under free flow conditions.

With that stated, it is evident that the proposed development meets all regulatory requirements

and will not have a negative impact on any existing stormwater management systems within the

vicinity of the subject parcel.
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