5. STORMWATER MANAGEMENT QUANTITY AND
QUALITY STANDARDS AND COMPUTATIONS

This chapter discusses the fundamentals of computing stormwater runoff rates and volumes from rainfall
using various mathematical methods. To do so effectively, the chapter also describes the fundamentals
of the rainfall-runoff process that these methods attempt to simulate. Guidance is also provided in the
use of the Natural Resources Conservation Service (NRCS) methodology, which is specifically required by
the NJDEP Stormwater Management rules at N.J.A.C. 7:8 et seq.

Fundamentals of Stormwater Runoff

In general, stormwater runoff can be described as a by-product of the interaction of rainfall with the land.
This interaction is one of several processes that the earth’s water may go through as it continually cycles
between the land and the atmosphere. This cyclical process is scientifically known as the hydrologic cycle.
Stormwater runoff is only one of many forms water may take. Figure 5-1 below depicts the primary forms
that water can take during the hydrologic cycle and the various processes that produce these forms. In
addition to runoff, these processes include precipitation, evaporation from surfaces or the atmosphere,
evapotranspiration by plants and infiltration into the soil and or groundwater. As such, water that
precipitates as rainfall can wind up, or at least spend time, on ground or plant surfaces, in the atmosphere,
within the various soil layers or in waterways and water bodies.

Figure 5-1: The Hydrologic Cycle
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Source: Fundamentals of Urban Runoff Management.
The physical processes that convert rainfall to runoff are both complex and highly variable. As such, these

processes cannot be replicated mathematically with exact certainty. However, by making simplifying
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assumptions and using empirical data, there are several mathematical models and equations that can
simulate these processes and predict resultant runoff volumes and rates with acceptable accuracy. Before
any of the computation methods can be discussed, it is necessary to define two terms used extensively
throughout this chapter.

Time of concentration — As defined in N.J.A.C. 7:8-2.4(g)4, time of concentration is the time it
takes for runoff to travel from the hydraulically most distant point of the drainage area to the
point of interest within a watershed.

Hydrograph — In the context of a stormwater runoff analysis, the graph depicting the flow rate of
runoff versus the time passed at a specific point of analysis is a hydrograph. A hydrograph can
provide much information about stormwater runoff, including the time of concentration, the time
at which peak flow occurs, the peak flow rate and the volume of runoff generated.

In general, all runoff computation methods are mathematical expressions attempting to replicate the
hydrologic cycle. Many hydrologic models have been developed to compute the flow rate or volume of
the runoff from an individual event. However, the Stormwater Management rules at N.J.A.C. 7:8-5.7 allow
only the methodology listed below, which will be further discussed in later section of this chapter:

The USDA Natural Resources Conservation Service (NRCS) methodology, including the NRCS Runoff
Equation and Dimensionless Unit Hydrograph as described in Chapters 7, 9, 10, 15 and 16, Part 630
Hydrology, National Engineering Handbook (NEH), may be used for the computation of runoff volume,
peak flow rate of runoff and hydrograph of runoff resulting from specific precipitation depths. This
methodology was previously described in Technical Release 55--Urban Hydrology for Small
Watersheds (TR-55), dated June 1986; however, it has been superseded by the aforementioned
chapters of the NEH. Information regarding the NEH, Part 630 Hydrology, is available from the United
States Department of Agriculture website at:

https://directives.sc.egov.usda.gov/landingpage/30411] or

at the United States Department of Agriculture Natural Resources Conservation Service.

Predicting Storm Events

Even though precipitation events are, by nature, random in their duration and rainfall depths, historical
data shows that large storm events occur less frequently than small storm events. No one can predict
exactly when a certain size storm event will occur. However, through a frequency analysis of rainfall
depths and intensities from past precipitation events, one can determine the likelihood of a storm
occurrence using probability analysis.

The rainfall depth and intensity of past precipitation events are sorted into a probability distribution that
gives the likelihood of the occurrence of different sized events.

=  For example, a storm event producing a rainfall depth of 3.5 inches or greater has about a 50% chance
of happening in a given year whereas a storm event with a rainfall depth of 8.5 inches or greater that
has only a 1% chance of occurring in the same given year.

The probability of the occurrence of a certain size of storm event can be alternatively expressed as a
recurrence interval, which is the inverse of the probability.
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= For example, the recurrence interval of a rainfall event that has a 50% chance of occurrence in a given
year is expressed as the 2-year (= 100 + 50) recurrence interval, which is also known as the 2-year
storm.

=  For a storm event with a 1% chance of occurrence, it has a 100-year (= 100 + 1) recurrence interval
and is referred to as the 100-year storm.

Referring to a precipitation event as the “X-year storm” does not mean that this storm can only happen
once every X years. Nor does it mean that a larger storm event cannot also occur that year. The table
below lists the probability of a particular occurrence and its corresponding chance of occurring, expressed
as a percentage, in a single year.

Recurrence Intervals and Probabilities of Occurrences
Recurrence Interval, Probability of Occurrence Percent Chance of Occurrence
in years in any Given Year in any Given Year

100 1in 100 1

50 1in 50 2

25 1lin 25 4

10 1lin 10 10

5 lin5 20

2 lin2 50

Another aspect of the frequency analysis is the duration of rainfall events. The frequency analysis may
use the rainfall depths observed in events having various durations of precipitation, such as 1 hour, 6
hours, or even 3 days, although a 24-hour duration is typically used.

There are organizations that collect and publish hydrological data, such as National Oceanic and
Atmospheric Administration’s (NOAA) National Weather Service (NWS), which publishes and updates
hydrological data and frequency analysis of rainfall depth and intensity constantly, under normal
operating conditions. The National Engineering Handbook (NEH) produced by the NRCS uses NWS data
due to its availability and lengths of record. Therefore, in this chapter, NOAA data is referenced in the
calculations involving the rainfall depths and intensities for the 2-, 10- and 100-year storm events. A more
detailed discussion of using NOAA data is found beginning on Page 12.

Regulatory Requirements of the Stormwater Management Rules

The Stormwater Management rules set forth stormwater runoff quantity control, stormwater runoff
quality and groundwater recharge standards for stormwater runoff generated by major developments as
defined in N.J.A.C. 7:8-1.2. Major development projects must demonstrate compliance with those
standards. Take note that throughout this chapter, terms such as “current storm event” and “projected
storm event” are used to identify the design storms for the calculations of runoff from the 2-, 10-, and
100-year storms that have been updated to the rainfall data up to 2019 and projected for climate change.
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The studies of the rainfall updates and projections by the Cornell University and peer-reviewed by the
Department’s Science Advisory Board are listed in the references. These terms are further explained
below and in later subsections of this chapter.

Current Storm Event— term used where the precipitation data published by the NOAA Atlas 14
Precipitation-Frequency Atlas of the United States, Volume 2, Version 3, last revised in 2006
(NOAA Atlas 14 Rainfall Depth) is modified by multiplication with a current precipitation
adjustment factor listed in Table 5-5 at N.J.A.C. 7:8-5(c)2, which updates the rainfall data from
1999 to 2019.

Projected Storm Event — term used where the NOAA Atlas 14 Rainfall Depth is modified by
multiplication with a future precipitation change factor listed in Table 5-6 at N.J.A.C. 7:8-5(d),
which projects the precipitation depth for the time period from 2050 to 2099 due to the continued
impacts of climate change.

Stormwater Runoff Quantity Control Design and Performance Standards

In order to control stormwater runoff quantity impacts, the design engineer shall use the assumptions
and factors for stormwater runoff calculations at N.J.A.C. 7:8-5.7. Unless the project is granted a variance
pursuant to N.J.A.C. 7:8-4.6(a)3.ix, or is exempted pursuant to 5.2(d) or 5.6(b)4, the design engineer must
demonstrate the compliance of the quantity standards in one of the three options in N.J.A.C. 7:8-5.6(b)1

to 3:

a.

Demonstrate through hydrologic and hydraulic analysis that for stormwater leaving the site, post-
construction runoff hydrographs for the current and projected two-, 10- and 100-year storm
events, as defined and determined pursuant to N.J.A.C. 7:8-5.7(c) and (d), respectively, do not
exceed, at any point in time, the pre-construction runoff hydrographs for the same storm events.

Below is Figure 5-2, which is an illustration demonstrating noncompliance with the requirement
under N.J.A.C. 7:8-5.6(b)1, followed by Figure 5-3 which demonstrates compliance:

Figure 5-2: Post-Construction Hydrograph Exceeds the Pre-construction Hydrograph
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In the preceding graphic, the peak of the post-construction hydrograph, shown in grey, is lower
than the peak of the pre-construction hydrograph, shown in teal, and some points of the post-
construction hydrograph lie outside the pre-construction hydrograph, shown within the dashed
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oval area; therefore, the post-construction hydrograph does not meet the requirements set forth
at N.J.A.C. 7:8-5.6(b)1.

Figure 5-3: Post-Construction Hydrograph does not Exceed the Pre-construction
Hydrograph at any Point
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In Figure 5-3, the post-construction hydrograph meets the aforementioned requirement since
every point of the post-construction hydrograph is under the pre-construction hydrograph.

It is important to note that the area under the hydrograph represents the volume of the
stormwater runoff. In order to comply with this option for meeting the stormwater runoff
quantity control standards, the post-construction runoff volume must be equal to or lower than
the pre-construction runoff volume. Otherwise, the post-construction hydrograph will exceed the
pre-construction hydrograph at some point.

b. Demonstrate through hydrologic and hydraulic analysis that there is no increase, as compared to
the pre-construction condition, in the peak runoff rates of stormwater leaving the site for the
current and projected two-, 10- and 100-year storm events, as defined and determined pursuant
to N.J.A.C. 7:8-5.7(c) and (d), respectively, and that the increased volume or change in timing of
stormwater runoff will not increase flood damage at or downstream of the site. This analysis shall
include the analysis of impacts of existing land uses and projected land uses assuming full
development under existing zoning and land use ordinances in the drainage area.

This demonstration requires the following calculations and demonstrations be provided, at a
minimum:

=  Calculation of pre- and post-construction conditions for the current and projected 2-, 10- and
100-year storms, where post-construction peak flow rates leaving the site must not be higher
than the pre-construction peak flow rates leaving the site.

= A hydrologic and hydraulic analysis of the receiving waterbody, which demonstrates that the
increased volume of stormwater runoff and/or change in timing from pre- to post-
construction conditions for the current and projected 2-, 10- and 100-year storms does not
result in increased flood damage at or downstream of the project. This should be conducted
for both of the following scenarios:
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O Pre-construction conditions and post-construction conditions with the project
calculations based on the existing land uses.

O Pre-construction conditions and post-construction conditions with the project
calculations based on the assumption of full development in the drainage area allowed
by existing zoning and land use ordinances.

Design stormwater management measures so that the post-construction peak runoff rates for the
current and projected two-, 10- and 100-year storm events, as defined and determined pursuant
to N.J.A.C. 7:8-5.7(c) and (d), respectively, are 50, 75 and 80 percent, respectively, of the pre-
construction peak runoff rates. The percentages apply only to the post-construction stormwater
runoff that is attributable to the portion of the site on which the proposed development or project
is to be constructed.

Under the third option, the design engineer may use stormwater management measures to
control the post-construction peak flow rates to be 50, 75 and 80 percent of the pre-construction
peak flow rates for the 2-, 10- and 100-year storms, respectively.

The methodologies allowed under N.J.A.C. 7:8-5.7 are discussed in the section which begins on Page 9.

Applicability of the Stormwater Runoff Quantity Control Standards

For municipal review under the requirements of the Municipal Separate Storm Sewer System
(MS4) permits, the threshold under which a project is considered to meet the definition of major
development is dependent upon each municipality’s adopted stormwater management
ordinances(s). According to N.J.A.C. 7:8-4.2(a), major development reviewed under Municipal
Stormwater Control Ordinances is limited to projects that ultimately disturb one or more acres of
land. However, municipal ordinances can be more stringent than the requirements of the
Stormwater Management rules, but cannot be less restrictive. The Residential Site Improvement
Standards (RSIS), under N.J.A.C. 5:21-7.1(a), allow municipalities to require stormwater runoff
controls for development falling below the major development threshold to address the control
of the runoff rate and routing from any site that is the subject of a site plan or subdivision
application.

In accordance with N.J.A.C. 7:8-5.6(b)4, in tidal flood hazard areas, stormwater runoff water quantity
analysis in accordance with N.J.A.C. 7:8-5.6(b)1, 2 and 3 is required unless the design engineer
demonstrates through hydrologic and hydraulic analysis that the increased volume, change in timing,
or increased rate of the stormwater runoff, or any combination of the three will not result in additional

flood damage below the point of discharge of the major development. This provision, however, does

not provide a blanket exemption from having to provide stormwater quantity control requirements

for the sites located in the tidal flood hazard area. It, instead, requires a demonstration that there

are no increases in flood damages below the point of discharge by the increased volume of
stormwater runoff before the quantity control requirement stated in N.J.A.C. 7:8-5.6(b)1, 2 and 3 can
be waived.

O Forexample, when asite located in a tidal flood hazard area discharges stormwater runoff directly

into a bay, there is no increase of the water level or flood damage below the point of discharge.
Therefore, the project is not required to meet the stormwater quantity control requirement.
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O However, if a site located in a tidal flood hazard area will discharge the runoff so that it flows over
or past a neighboring property before reaching the tidal water, the stormwater runoff from the
site could increase flood damages to the neighboring property. This project will be required to
meet the quantity control requirement.

O Similarly, if the stormwater runoff from a site will discharge to a storm sewer or other conveyance,
meaning it will flow past or through other properties before reaching the tidal water, the
stormwater discharge could increase flood damages below the point of discharge. Under such
circumstances, the stormwater runoff quantity control requirement must be satisfied.

The demonstration analysis is not required when the stormwater is discharged directly into any ocean,
bay, inlet or the reach of any watercourse between its confluence with an ocean, bay or inlet and
downstream of the first water control structure.

=  Stormwater runoff from agricultural development meeting the definition of major development must
meet the performance standards established in these rules. Development on agricultural land means:
any activity that requires a State permit, any activity reviewed by the County Agricultural Boards (CAB)
and/or the State Agricultural Development Committee (SADC) and any activity that requires municipal
review that is not exempted by the Right to Farm Act, N.J.S.A. 4:1C-1 et seq. This does not conflict
with the Right to Farm Act, which recognizes the State's continuing authority to regulate agricultural
development at N.J.S.A. 4:1C-9.

= “Disturbance” means the placement or reconstruction of impervious surface or motor vehicle surface,
or exposure and/or movement of soil or bedrock or clearing, cutting, or removing of vegetation.
Milling and repaving is not considered disturbance for the purposes of this definition. Milling and/or
repaving of an existing impervious surface that will not expose or move soil or bedrock beneath the
existing surface do/does not count as disturbance or redevelopment and do/does not trigger the
Stormwater Management rules, provided there are no changes to the existing stormwater drainage
system. The reconstruction of these areas, however, does constitute disturbance.

= N.J.A.C.7:8-5.6(c) requires that the stormwater runoff quantity standards shall be applied at the site’s
boundary to each abutting lot, roadway, watercourse or receiving storm sewer system. Stormwater
guantity control requirements are applicable to each discharge point leaving the boundary of the
development site separately unless the stormwater runoff generated by different areas within the
site converge into one discharge point before leaving the development site.

Conditions Regarding the Use of Exfiltration in Stormwater Runoff
Routing Computations

Exfiltration can be used in the design of the small-scale green infrastructure BMPs, as listed in Table 5-1
of N.J.A.C. 7:8-5.2(f). Exfiltration, meaning discharge of runoff into the subsoil, may be included in

stormwater runoff routing computations under certain conditions, provided all of the conditions, as
outlined below, are satisfied.

1. All soil testing must be fully compliant with Chapter 12: Soil Testing Criteria of this manual.
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2. The design of the BMP must comply with all of the design criteria within the respective subchapter
of Chapter 9 of the BMP Manual.

3. Pretreatment, in the form of a forebay or any of the other BMPs found in the BMP Manual, must
be incorporated into the BMP design, unless specifically stated otherwise in the corresponding
subchapter of the BMP Manual. This pretreatment requirement does not apply to BMPs with a
contributory drainage area of 1 acre or less, except when pretreatment is a design requirement
even without using exfiltration in the routing (such as a subsurface infiltration basin.)

4. Exfiltration cannot be used in any BMP designed with an underdrain system, since the runoff
discharged through the underdrain will be discharged to the down-gradient surface water or
sewer system and will not be infiltrated into the subsoil.

5. Infiltration of the entire current and/or projected 2-, 10- or 100-year storm is allowed only when:

a. existing site conditions are such that no runoff leaves the site for the pre-construction
condition scenario, thereby constraining the design to infiltrate 100% of the volume produced
by the post-construction condition for the same design storm. In this case, the maximum
storm that can be entirely infiltrated is the largest storm event with no runoff leaving the site
in pre-construction conditions, or

b. the volume of stormwater runoff to be fully infiltrated is required by law or rule implemented
by the Pinelands Commission, Highlands Council, or any other stormwater review agency with
jurisdiction over the project.

6. The analysis of groundwater hydrology and the hydraulic impact due to the exfiltration, required
pursuant to N.J.A.C. 7:8-5.2(h), must be conducted in conjunction with the design using
exfiltration. The design soil permeability rate, also referred to herein as the design vertical
hydraulic conductivity, of the most hydraulically restrictive soil horizon below an infiltration type
BMP may be used as the exfiltration rate in the routing calculations only when the soil is tested
strictly in accordance with Chapter 12. This analysis may be performed using the method outlined
in Chapter 13: Groundwater Table Hydraulic Impact Assessments for Infiltration BMPs.

7. The runoff volume discarded as exfiltration and the design vertical hydraulic conductivity of the
most hydraulically restrictive soil horizon below an infiltration BMP must be used, in the initial
model, to calculate the duration of infiltration period in the groundwater mounding analysis. The
groundwater mounding analysis has determined that an adverse impact will occur if the resulting
groundwater mounding reaches the bottom of the BMP or if the temporary localized increase in
the water table encroaches upon a building or another structure, including any septic systems.
When an adverse impact is the result, further modifications to the size of the infiltration area of
the BMP or reductions in the exfiltration rate must be performed until the adverse impacts are
eliminated. Further, when the groundwater mounding reaches the bottom of the BMP, the
hydraulic gradient is reduced, thereby reducing the exfiltration rate. To reflect the impact on the
hydraulic gradient, the reduced exfiltration rate must also be used to re-run the routing
calculation(s) to check the peak flow rate(s) produced for the respective design storm(s) through
the proposed outlet structure of the infiltration BMP used to meet the Stormwater Runoff
Quantity Control Standards. If adverse impacts cannot be avoided, the infiltration BMP cannot
be used.
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For additional information on performing the groundwater mounding analysis, see Chapter 13:
Groundwater Table Hydraulic Impact Assessments for Infiltration BMPs of this manual. Examples
5-6 and 5-7, which begin on Page 47, illustrate the methodology to be used.

Calculation of Stormwater Runoff

NRCS Methodology

As stated above, for the purposes of managing potential flooding, stormwater runoff quantity and quality,
it is essential to calculate the volume and peak flow of the stormwater runoff produced by a storm event.
In accordance with N.J.A.C 7:8-5.7, the U.S. Department of Agriculture NRCS methodology is the only
method acceptable for use in the computation of stormwater runoff.

The NRCS methodology is perhaps the most widely used method for computing stormwater runoff rates,
volumes and hydrographs. It uses both a hypothetical design storm and an empirical nonlinear runoff
equation to compute runoff volumes and as well as a dimensionless unit hydrograph to convert the
volumes into runoff hydrographs. The method is particularly useful for comparing pre- and post-
development peak rates, volumes and hydrographs. The key component of the NRCS runoff equation is
the NRCS Curve Number (CN), which is based on soil permeability, surface cover, hydrologic condition and
antecedent moisture. Watershed or drainage area time of concentration is the key component of the
“dimensionless unit hydrograph,” which is defined as a discharge hydrograph resulting from one inch of
direct runoff distributed uniformly over the watershed resulting from a rainfall of a specified duration. A
complete description of the NRCS methodology can be found in the NRCS National Engineering Handbook,
Part 630 -Hydrology (NEH), available online at:

https://directives.sc.egov.usda.gov/landingpage/30411.

Basics of the NRCS Methodology

= The NRCS methodology can provide total stormwater runoff volume, the peak flow rate and produce
hydrographs.

O Under the NRCS methodology, different synthetic rainfall distributions and unit hydrographs can
be applied to produce the stormwater runoff hydrograph in accordance with geographical
differences that may affect the rainfall pattern in each storm event and the runoff pattern in a
region, depending on whether the topographic slope is steep or flat.

O Further discussion of rainfall distributions and unit hydrographs are found beginning on Page 27.

= Limitations on the size and/or cover condition of the drainage area must also be taken into
consideration.

O Chapter 10 of the NEH, Part 630, titled “Estimation of Direct Runoff from Storm Rainfall” does not
indicate any drainage area size limitation when apply the NRCS methodology, but Chapter 16 of
the NEH, Part 630, titled “Hydrograph,” recommends that “no subarea exceeds 20 square miles
in area” when applying the unit hydrograph in the NRCS methodology. Practically speaking, this
limitation has no significant impact on the application of the NRCS methodology in a single major
development, which is normally far less than 20 square miles.

O The drainage area is subject to the N.J.A.C. 7:8-5.7(a)4 requirement that the relative stormwater
runoff rates and/or volumes of pervious and impervious surfaces be separately considered to
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accurately compute the rates and volume of stormwater runoff from the drainage area unless the
drainage area meets the criteria of unconnected impervious cover, which is discussed later in this
chapter.
O The contributory drainage area limitations imposed by N.J.A.C. 7:8-5.3(b) for the individual
stormwater management best management practices (BMPs) are discussed in the respective
subchapters of Chapter 9: Green Infrastructure BMPS.

A table is provided on Page 84 which summarizes the applicability of the NRCS methodology discussed in
this chapter and how the methodology is to be used.

Information Required to Use the NRCS Methodology

Table 5-1 lists the information required in order to use the NRCS methodology of computing stormwater
runoff. Examples are provided and begin on Page 32.

Table 5-1: NRCS Methodology Index of Information Required

Topic Page
No. [ Information Required to use the NRCS Methodology No.
1 Hydrologic Soil Group of the drainage area soil 11
2 Sub-drainage areas 11
3 Land cover 11
4 Rainfall depth for the stormwater runoff quantity control design storms 12
5 Rainfall distribution for the stormwater runoff quantity control design storms 19
6 Rainfall depth for the stormwater runoff water quality design storm 20
7 Rainfall distribution for the stormwater runoff water quality design storm 20
8 Time of travel and time of concentration 23
8 Maximum sheet flow roughness coefficient 23
8 Sheet flow length 24
8 Shallow concentrated flow 25
8 Open channel flow 26
8 Tc routes 26
9 Runoff Hydrographs 27
10 Directly Connected Impervious Cover 30
11 Unconnected Impervious Cover 31
12 Reduced Curve Numbers 32
13 Calculating the Peak Flow Rate of Runoff for the WQDS 32
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1. Hydrologic Soil Group of the drainage area soil: Under the NRCS classification, soils are classified into
hydrologic soil groups (HSGs) to indicate the minimum rate of infiltration obtained for bare soil after
prolonged wetting. The HSGs, which have the designations A, B, C and D, are arranged from highest
to lowest in order of soil permeability, or infiltration rate, which is the rate at which water enters the
soil at the soil surface. Infiltration is controlled by the surface condition. HSG also indicates the
transmission rate—the rate which the water moves within the soil.

The U.S. Department of Agriculture’s (USDA) Soil Surveys by county or the soil survey data from
USDA’s Soil Survey website can be used in the preliminary or conceptual design. Currently, the
information regarding the location of the HSGs present at a location, and the specific soil properties,
is available online at:

https://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm.

However, during the design process, if soil boring samples and/or field tests of permeability show that
the soil of the site has a different HSG soil than the information obtained from the USDA soil survey,
the calculation of stormwater runoff and groundwater recharge must be adjusted to the HSG
designation obtained from field soil testing. Soil Permeability Testing requirements and procedures
can be found in Chapter 12 of this manual.

2. Sub-drainage areas: Each sub-drainage area having different flow patterns and drainage points by
which stormwater runoff leaves the sub-drainage area, must be individually identified, and the
hydrological analysis of each sub-drainage area must be individually performed. When a site consists
of impervious areas and pervious areas, the impervious areas and pervious areas must be separated
into sub-different drainage areas in accordance with N.J.A.C. 7:8-5.7. Although some hydrologic
modelling software packages allow the user to separately calculate the runoff from impervious and
pervious areas by modelling them as one sub-drainage area, this modelling setting may only be used
if the impervious area time of concentration is the same as the pervious area time of concentration.
The calculation of the time of concentration begins on Page 23.

3. Land cover: The types of vegetation present, the density of the vegetation, the types of development
and the percentage of impervious cover are all characteristics that factor into the CN value. For the
pre-development condition, the presumed state is wooded land use in good hydrologic condition
unless it is proven otherwise as set forth in the N.J.A.C. 7:8-5.6. Take note that the cover types for
streets and roads, urban districts and residential districts by average lot size in Table 9-5, of Chapter
9, NEH Part 630, are intended for modeling large watershed on a watershed-wide scale. They are not
intended for use in modeling runoff from individual development sites. For runoff from individual
sites involving a directly connected or unconnected impervious surface, it may be necessary to
compute runoff from the impervious surface separately from any pervious surfaces.

For a site that has more than one land cover existing on the site during the five years immediately
prior to the time of application, the land cover with the lowest runoff potential must be used for
the computations, as specified at N.J.A.C. 7:8-5.7(a)2. For example, if a site had an existing asphalt
paved parking lot removed in 2012 and vegetation was established after the removal of the pavement,
the application for stormwater management approval in 2015 cannot claim the removed asphalt
parking lot as an impervious surface on the site since the surface with the lowest runoff potential is
the vegetation that was established prior to the time of the application.
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4. Rainfall depth for the stormwater runoff quantity control design storms: Rainfall depth is an
essential parameter in the calculation of stormwater runoff volumes and peak flows when using the
NRCS methodology. N.J.A.C. 7:8-5.6 requires the use of current and projected storm events in the
demonstration of meeting the stormwater runoff standards. The current and projected storm events
are defined and determined in N.J.A.C. 7:8-5.7(c)2 and N.J.A.C. 7:8-5.7(d)2. The steps to obtain the

rainfall precipitation depths of the current and projected storm events are illustrated below.

a. First, the designer must obtain the rainfall data for the site location. Rainfall data is available, as

follows:

i. NOAA Atlas 14 rainfall data is provided by NOAA’s NWS Precipitation Frequency Data Server

(PFDS), which is available online at:

https://hdsc.nws.noaa.gov/hdsc/pfds/pfds map cont.html?bkmrk=nj.

Example A-1: Obtain rainfall depth data for a location in Trenton, NJ, using the above link.

Step 1: Under the Select location option, depicted in Figure 5-4 below, manually enter the
location using one of the options offered on the screen or use the map to locate the site,

making sure to zoom in.

Figure 5-4: NOAA’s NWS Precipitation Frequency Data Server Website
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Step 2: In the Data description section of the next window that opens, from the Select Data
Type dropdown menu, make sure “Precipitation depth” rather than “Precipitation intensity”
is selected. Similarly, for the Time series type, ensure “Partial duration” has been selected
from that dropdown menu, as shown in Figure 5-5 below.

Figure 5-5: Selecting the Precipitation Depth Data Type

NOAA ATLAS 14 POINT PRECIPITATION FREQUENCY ESTIMATES: NJ

Data description

Data type: |Precipilalion depth

v| Units: |Eng|i5h V| Time series type: | Pariial duration %

To illustrate this process, Trenton Station 2 was selected from the dropdown menu under

1.b), as shown in Figure 5-6 below:

Figure 5-6: Using Manual Location Selection on the NOAA NWS PFDS Website
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Location information:

Name: Trenton, New Jersey, USA*®
Station name: TRENTON 2

Site ID: 28-2878

Latitude: 40 2333°

Longitude: -74. 7667

Elevation: 112 ft

* Source: ESRI Maps
** Source: USGS

Step 3: Scroll down the page to the Point Precipitation Frequency (PF) Estimates section. Left
click on the PF tabular option, if it does not appear on top of the other tabs, which will be

shaded in dark blue, as shown in Figure 5-7.
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Figure 5-7: Point Precipitation Frequency (PF) Estimates — Tabular Option for
Trenton Station 2
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The data needed is found in the row labeled “24-hr.” The values in the columns labeled “2,”
“10” and “100” correspond to the rainfall depths generated by the 2-, 10- and 100-year design
storms, respectively, for this weather station location, as outlined in red in Figure 5-8 below.

Figure 5-8: Locating the 2-, 10- and 100- year Design Storm Rainfall Data for
Trenton Station 2
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ii. N.J.A.C. 7:8-5.7(c)2 and N.J.LA.C. 7:8-5.7(d)2 both allow an alternative to calculating the
current and projected rainfall precipitation depths by using separate rainfall totals for each
county. The 24-hour county rainfall amount provided by NRCS is duplicated here and can be
found online at:

https://www.nrcs.usda.gov/sites/default/files/2022-09/NJ%2024%20Hour%20Rainfall%20Data.pdf.

Table 5-1: County-Specific, New Jersey 24-Hour Rainfall Frequency Data

NEW JERSEY 24 HOUR RAINFALL FREQUENCY DATA
Rainfall amounts in Inches

County 1 year 2 year Syear 10year 25year OS0year 100 vyear
Atlantic 272 3.31 4.30 5.16 6.46 7.61 8.90
Bergen 275 3.34 4.27 2.07 6.28 7.32 8.47
Burlington 277 3.36 4.34 5.18 6.45 7.56 8.81
Camden 273 3.31 425 5.06 6.28 7.34 852
Cape May 267 3.25 4.22 2.07 6.34 7.47 8.73
Cumberland 2.69 3.27 4.25 5.09 6.37 7.49 8.76
Essex 2.85 3.44 4.40 .22 6.44 7.49 8.66
Gloucester 2.7 3.29 4.24 2.05 6.29 7.36 8.55
Hudson 273 3.31 423 5.02 6.19 7.20 8.31
Hunterdon 2.80 3.38 426 5.00 6.09 7.02 8.03
Mercer 274 3.31 4.23 2.01 6.19 7.20 8.33
Middlesex 276 3.35 4.30 512 6.36 7.43 8.63
Monmouth 279 3.38 4.38 5.23 6.53 7.66 894
Morris 2.94 3.54 4.47 2.24 6.37 7.32 8.35
Ocean 2.81 3.42 4.45 5.33 6.68 7.87 9.20
Passaic 2.87 3.47 4.42 5.23 6.43 7.47 8.62
Salem 2.69 3.26 4.20 2.00 6.22 7.28 8.45
Somerset 276 3.34 4.25 5.01 6.15 713 8.21
Sussex 268 3.22 4.02 4.70 5.72 6.60 7.58
Union 2.80 3.39 4.35 .17 6.42 7.49 8.69
Warren 2.78 3.34 418 4.89 2.93 6.83 7.82
Notes:  The average point rainfall ameounts listed above were developed from data contained in NOAA

Atlas 14 Volume 2.

Point rainfall estimates for specific locations may be obtained from the Precipitation Frequency

Data Server located at http:/fwww.nws.noaa.gov/ohd/hdsc/

For most hydrologic design procedures, the ranfall amounts listed above may be rounded to the

nearest tenth of an inch.
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b. N..A.C.7:8-5.7(c) requires the precipitation depths of the current 2-, 10- and 100-year storm
events be determined by multiplying the NOAA rainfall data with the current precipitation
adjustment factors in Table 5-5 at N.J.A.C.7:8-5.7(c)2. N.J.A.C.7:8-5.7(d) requires the precipitation
depths of the projected 2-, 10- and 100-year storm events be determined by multiplying the NOAA
rainfall data with the future precipitation change factors in Table 5-6 at N.J.A.C.7:8-5.7(d). Table
5-5 and Table 5-6 from the Rules are reproduced below.

Current Precipitation Adjustment Factors at N.J.A.C. 7:8-5.7(c) as Table 5-5

Current Precipitation Adjustment Factors
2-year 10-year 100-year

County Design Storm Design Storm Design Storm
Atlantic 1.01 1.02 1.03
Bergen 1.01 1.03 1.06
Burlington 0.99 1.01 1.04
Camden 1.03 1.04 1.05
Cape May 1.03 1.03 1.04
Cumberland 1.03 1.03 1.01
Essex 1.01 1.03 1.06
Gloucester 1.05 1.06 1.06
Hudson 1.03 1.05 1.09
Hunterdon 1.02 1.05 1.13
Mercer 1.01 1.02 1.04
Middlesex 1.00 1.01 1.03
Monmouth 1.00 1.01 1.02
Morris 1.01 1.03 1.06
Ocean 1.00 1.01 1.03
Passaic 1.00 1.02 1.05
Salem 1.02 1.03 1.03
Somerset 1.00 1.03 1.09
Sussex 1.03 1.04 1.07
Union 1.01 1.03 1.06
Warren 1.02 1.07 1.15
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Future Precipitation Change Factors at N.J.A.C. 7:8-5.7(d) as Table 5-6

Future Precipitation Change Factors
gn Storm Design Storm
Atlantic 1.22 1.24 1.39
Bergen 1.20 1.23 1.37
Burlington 1.17 1.18 1.32
Camden 1.18 1.22 1.39
Cape May 1.21 1.24 1.32
Cumberland 1.20 1.21 1.39
Essex 1.19 1.22 1.33
Gloucester 1.19 1.23 1.41
Hudson 1.19 1.19 1.23
Hunterdon 1.19 1.23 1.42
Mercer 1.16 1.17 1.36
Middlesex 1.19 1.21 1.33
Monmouth 1.19 1.19 1.26
Morris 1.23 1.28 1.46
Ocean 1.18 1.19 1.24
Passaic 1.21 1.27 1.50
Salem 1.20 1.23 1.32
Somerset 1.19 1.24 1.48
Sussex 1.24 1.29 1.50
Union 1.20 1.23 1.35
Warren 1.20 1.25 1.37
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Example B-1: Apply the current precipitation adjustment factors for the site depicted in
Example A-1.

The table below includes the rainfall depths from Example A-1 and the Mercer County current
precipitation adjustment factors from Table 5-5 in the Stormwater Management rules for the
site located in Trenton, NJ. To obtain the current precipitation depth for the 2-year design
storm, multiply the precipitation depth for the 2-year design storm by the 2-year current
precipitation adjustment factor. Repeat the process for the 10- and 100-year design storms
using the respective adjustment factor. The results are depicted in the column farthest to the
right in the table below.