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11.0 INTRODUCTION

Hydrology is the study of the properties, distribution, and effects of water on the earth's surface,
and in the soils, underlying rocks, and atmosphere. The elements of the hydrologic cycle that
will be discussed in this Chapter are the statistical rainfall patterns and the response
characteristics of the natural and developed landscapes.

The hydrologic cycle is very complex. Simulating even a small portion of it, such as the
relationship between precipitation and surface runoff, can be an inexact science. Many variables
and dynamic relationships must be accounted for and, in most cases, reduced to basic
assumptions. Many of these assumptions have been incorporated into past regulatory and
computational frameworks for managing stormwater, in an effort to establish criteria that are
relatively simple to implement. Unfortunately, either as a result of these assumptions or in spite
of them, the resulting stormwater designs often do not meet all the program goals. As discussed
in Chapter 10 of this Handbook, the increases in the volume, duration, and frequency of peak
runoff events have continued to impact streams and aquatic resources.

The Virginia Stormwater Management Program (VSMP) regulations (9 VAC 25-870) attempt to
address these stormwater impacts by adopting the Virginia Runoff Reduction Method (VRRM).
Using this method, the preferred compliance approach will now be to manage (and reduce to the
extent possible) the volume of runoff from the most frequent rainfall events as the basis for
hydrologic and hydraulic designs of stormwater management strategies. In general terms, this
represents the incorporation of Better Site Design strategies (otherwise referred to as Low Impact
development, Green Infrastructure, Environmental Site Design, etc.) into a regulatory framework
built around runoff volume reduction. It should be understood that, as with past regulations, the
reduction of pollutant loads remains the chief compliance metric. The difference is that runoff
volume reduction is now an important, and in some cases necessary, strategy to achieve the
required pollutant load reductions. Runoff volume reduction is also linked with revised channel
and flood protection criteria in the VSMP regulations.

There is still a need to model the peak discharge and hydrologic and hydraulic response
characteristics of the developed watershed. However, as discussed in Chapter 10, the hierarchy
of treatment objectives to achieve the runoff water quality requirements starts with runoff
volume reduction. The volume reduction, as tabulated through the VRRM, can then be applied to
the quantity control strategies.

These same principles of volume reduction and the regulatory compliance criteria regarding
pollutant removal are applied to the requirements of development on prior developed lands (i.e.,
redevelopment).

The purpose of this chapter is to provide background regarding volume reduction, a basic review
of the hydrologic principles, and the computational procedures that apply to the VSMP
regulations. This Chapter will build on the basic hydrologic and hydraulic stormwater
management calculations provided in Chapters 4 and 5 of the Virginia Stormwater Management
Handbook, First Edition, 1999 (Blue Book). Specific sections of the Blue Book are referenced in
this chapter (rather than repeating the information), and the reader is encouraged to access the
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Blue Book chapters, which will be kept on the DEQ website as legacy guidance, for a more
detailed explanation or derivation of these calculations.

11.1 PRECIPITATION — NOAA ATLAS 14

Precipitation is a random event that cannot be predicted with certainty based on historical data.
However, any given precipitation event has several distinct and independent characteristics
which can be quantified as follows:

Duration - The length of time over which precipitation occurs (hours).

Depth - The amount of precipitation occurring throughout the storm duration (inches).
Frequency - The recurrence interval of events having the same duration and volume.
Intensity - The depth divided by the duration (inches per hour).

The statistical recurrence interval of these rainfall characteristics is the universal basis for most
of the design criteria of the Virginia Stormwater Program:

e A 1-year frequency storm event is the combined rainfall characteristics of depth and
duration that have a statistical probability of occurring at least once in any given year.

e The recurrence frequencies of rainfall intensities and durations provide the basis for the
Rational Method computation of peak discharge using the Intensity-Duration-
Frequency (IDF) Curves.

e Linear regression of the IDF curves described above provide the “a” and “b” constants
used for the Modified Rational Method Critical Storm duration direct solution.

While it is true that precipitation is random and the amount of rainfall next week can’t be
predicted by the rainfall that occurred last week, there are predictive models that can look at
years of rainfall records and predict future rainfall patterns. The longer the period of record that
is considered, the more accurate the statistical analysis will be. This is especially true as we
observe changing precipitation patterns (Chapter 4.3); the most recent rainfall data will reflect
these changes to the extent possible.

The basis for the rainfall depths, frequencies, and intensities used for design must now reference
the National Oceanographic and Atmospheric Administration (NOAA) Atlas 14 “Precipitation-
Frequency Atlas of the United States” Volume 2, Version 3.0 (NOAA Atlas 14). Similarly, any
continuous simulation models (Section 4.2.5 of Chapter 4, Blue Book) should also use this
source for the latest available rainfall data.

NOTE: The VSMP regulation (9 VAC 25-870-72 A) identifies the required
design storms as follows: Unless otherwise specified, the prescribed design
storms are the one-year, two-year, and 10-year 24-hour storms using the site-
specific rainfall precipitation frequency data recommended by the U.S. National
Oceanic and Atmospheric Administration (NOAA) Atlas 14.

NOAA Atlas 14 rainfall data are based on significantly more data than the previous data set

(Technical Paper 40). Technical Paper 40 used data through 1958, whereas NOAA Atlas 14 uses
data through 2000, vastly increasing the amount of data available. The NOAA Atlas 14 rainfall
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data provides the basis for the NRCS 24-hour rainfall depths used to apply to the Type Il
Rainfall Distribution (Type Il in portions of southeast Virginia) ! and unit runoff hydrographs for
computing peak discharges. These data were also used to generate new IDF curves for use with the
Rational Method 2, and new “a” and “b” constants for use in the Modified Rational Method
direct solution.

Appendix 11-B provides the NOAA Atlas 14 rainfall data in tabular form for the 1, 2, 5, 10, 25,
50, and 100-year return frequencies. Some counties may have two (or more) rainfall zones
(based on geography and regional rainfall influences). Therefore the tabular form will list “Zone
17, “Zone 27, etc. Figures 11.B-1 through 11-B.17 provide maps of those counties so designers
can determine which rainfall depths are appropriate for the location of the project. For example,
Figure 11.1 represents the four rainfall zones in Carroll County, Virginia.

Carroll County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data

Legend
VA Rainfall Zones
[ | camroli Co Zone 1
| carroll Co Zone 2
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Figure 11.1. NOAA Atlas 14 Data Rainfall Zones for Carroll County, VA

1 NRCS has advised that the NOAA Atlas 14 rainfall data may not follow the current Type Il and Type 111 temporal
rainfall distribution curves and should be used with caution for storms greater than the 10-year event. New software
for TR-55, TR-20, and EFH-2 will be developed that will convert the Atlas 14 data to county-specific temporal
distribution curves.

2 To simplify the access and use of the new IDF Curves generated by Atlas 14 generated rainfall data, VDOT has
developed a set of “B, D, & E” factors for each county and major city throughout the Commonwealth for the 2, 5,
10, 25, 50, & 100-yr recurrence interval storm durations, found in Appendices 6C-1 and 6C-2 in Chapter 6 of the
VDOT Drainage Manual, at:
http://www.extranet.vdot.state.va.us/locdes/electronic%20pubs/2002%20Drainage%20Manual/pdf/drain-manual-
chapter-06.pdf
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11.2 24-HOUR RAINFALL DISTRIBUTION AND RUNOFF HYDROGRAPHS

The NRCS 24-hour storm distribution curve was derived from the National Weather Bureau's
Rainfall Frequency Atlases. Further detailed discussion of the derivation and application of the
24-hour rainfall distribution used to generate a runoff hydrograph is provided in Section 4-2.3 of
Chapter 4 of the Blue Book, and Part 630 (Hydrology) of the USDA-NRCS’s National
Engineering Handbook (NRCS NEH). The reader will also find a detailed discussion of NRCS
Runoff Hydrographs, including unit hydrographs and synthetic hydrographs in Section 4-3 of
Chapter 4 of the Blue Book.

There have been numerous studies of small storm hydrology and the potential for
underestimating runoff using the NRCS Runoff Equation (Pitt, 1999). However, the small storm
based provisions of the VSMP regulations (9 VAC 25-870-65. Water Quality Compliance)
requires the use of the VRRM to manage a Treatment Volume (7v) that is calculated using a
rainfall depth and volumetric runoff coefficients (Rv), and not the NRCS Runoff Equation. The
VRRM and 7v are described in more detail in Section 11.4 of this chapter.

Section 9 VAC 25-870-72 C of the VSMP regulation, covering design storms and hydrologic
methods, states the following:

The U.S. Department of Agriculture's Natural Resources Conservation Service
(NRCS) synthetic 24-hour rainfall distribution and models, including, but not
limited to WinTR-55 and WinTR-20, hydrologic and hydraulic methods developed
by the U.S. Army Corps of Engineers, or other standard hydrologic and hydraulic
methods, shall be used to conduct the analyses described in this part.

The regulation goes on to allow the use of the Rational and Modified Rational Methods, since
these are commonly used methods (9 VAC 25-870-72 D & E):

D. For drainage areas of 200 acres or less, the stormwater program
administrative authority may allow for the use of the Rational Method for
evaluating peak discharges.

E. For drainage areas of 200 acres or less, the stormwater program
administrative authority may allow for the use of the Modified Rational Method
for evaluating volumetric flows to stormwater conveyances.

The reader should note that the volume reduction credit that applies to the VSMP Quantity
Control requirements (9 VAC 25-870-66) has been developed to readily apply to NRCS
methodology using the NRCS Runoff Equation (Section 11.6 of this chapter). Further, the
Rational Method has traditionally been used for computing peak discharges for sizing pipes and
drainage conveyance infrastructure, for which the upper acreage threshold of 200 acres may be
appropriate. However, there are limitations on the appropriateness of the Rational and Modified
Rational Methods as stormwater management sizing and compliance tools. These methods, as
well as the NRCS method, and their applicability and limitations are described below.
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11.3 RUNOFF AND PEAK DISCHARGE

The practice of estimating runoff as a fixed percentage of rainfall has been used in the design of
storm drainage systems for over 100 years. Despite its simplification of the complex rainfall-
runoff processes, it is still the most commonly used method for urban drainage calculations. It
can be accurate when drainage area land cover is highly impervious and/or homogeneous.

For urbanizing watersheds or drainage areas comprised of pervious cover such as open space,
woods, lawns, or agricultural land uses, with varying amounts of impervious cover mixed in
throughout the entire area, the rainfall/runoff relationship becomes much more complex.

In very general terms, hydrologic methods can be grouped by their capability to effectively
model the land uses, combine the flows from distinct drainage areas, and provide the output in a
format applicable to stormwater design. This section will provide a very brief overview of the
methods acknowledged in the VSMP regulations: the Rational Method, the Modified Rational
Method, and NRCS Methods. The NRCS Methods include numerous modeling and predictive
techniques. However, the use of the NRCS basic hydrologic principles of Curve Number (CN),
Time of Concentration (7¢), and a runoff hydrograph and peak discharge are covered here as
described in Technical Release 55: Urban Hydrology for Small Watersheds. (NRCS, 1986).

As mentioned previously, the reader is also encouraged to review Section 4-4 of Chapter 4 of
the Blue Book for additional detail and applicability of these methods.

11.3.1 Rational Method

The Rational Method was introduced in 1880 as a way to determine peak discharges from
drainage areas. It is frequently criticized for its simplistic approach, but this same simplicity has
made the Rational Method one of the most widely used techniques today for calculating peak
discharge from urban land uses.

The Rational Formula estimates the peak rate of runoff at any location in a drainage area as a
function of the runoff coefficient, mean rainfall intensity, and drainage area. The Rational
Formula is expressed as follows:

Equation 11.1. Rational Formula
Q=CIA

Where:
O = maximum rate of runoff ( cfs)
C = dimensionless runoff coefficient, dependent upon land use (refer to Section 4-
4.1 in Chapter 4 of the Blue Book for reference to acceptable runoff
coefficients).
1 = design rainfall intensity (in./hr.), for a duration equal to the time of
concentration of the watershed
drainage area (acres)

g
I
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As with all hydrologic methods, there are numerous assumptions related to the rainfall duration
and intensity as a function of the drainage area size. Given the highly impervious urban
landscape origins of the Rational Method, it is logical to establish that under steady rainfall the
peak discharge occurs once the entire drainage area is contributing to the point of study. This
occurs at a time (t) equal to the Time of Concentration (Tc). Since the method was developed
only to predict the maximum peak discharge, the continuation of rainfall — in theory — does not
cause any increase in peak rate of discharge. Figure 11.2 illustrates a Rational Method runoff
hydrograph.

STORM DURATION |

TRIANGULAR HYDROGRAPH —— FLAT HYDROGRAPH REFLECTS
WHERE PEAK RUNOFF NO INCREASE IN RUNOFF
OCCURS at TIME t=t. UNDER STEADY RAINFALL.

3 | s
| b
Te
c\4—B.dwg Time—Hours

Figure 11.2. Rational Method Runoff Hydrograph

An important and possibly limiting factor is the lack of a true runoff hydrograph. As stated, the
method was developed to predict peak flow rates occurring when the entire drainage area is
contributing runoff. Establishing an arbitrary storm duration that is considered equal to the Tc, or
some longer duration, can create a simple runoff hydrograph (in this case in the shape of a
triangular or trapezoidal shape). However, the critical elements are not related to rainfall or land
use patterns other than the intensity of the rainfall maximum return frequency. This may be
appropriate for calculating a peak discharge, but it is arbitrary in terms of a total volume of
runoff (defined as the area under the triangular or trapezoidal hydrograph shown in Figure 11.2).
Quantifying the volume of runoff is important in demonstrating compliance with the VSMP
quantity control requirements.

Based on these factors, and others described in Section 4-4.1 of Chapter 4 of the Blue Book ,
the use of the Rational Method as a hydrologic method for stormwater management facility
design is typically limited as follows:

1. The contributing drainage area is highly impervious;

2. The contributing drainage area has a time of concentration, Tc, less than 20 minutes; and

3. The contributing drainage area is less than 20 acres.
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Note: This guidance contradicts the allowed upper limit of 200 acres (VSMP
Authority option) provided in 9 VAC 25-870-72.D & E, as noted above.
Designers should verify the VSMP Authority requirements regarding acceptance
of this or other hydrologic methods for demonstrating compliance with the VSMP
regulations.

When using the Rational Method, the designer will no longer use the IDF curves to determine
the rainfall intensity for the calculated Tc. Instead, the designer should refer to the “B, D, & E”
factors for each county and major city throughout the Commonwealth for the 2, 5, 10, 25, 50, &
100-year recurrence interval storm durations (Tc) (NOTE: B, D, & E factors are not available for
the 1-year design storm). As noted above, the B, D, & E factors were derived from the NOAA
Atlas 14 rainfall data by VDOT and are published by VDOT in the VDOT Drainage Manual
Appendix 6C-1 and 6C-2 at:

http://www.extranet.vdot.state.va.us/locdes/electronic%20pubs/2002%20Drainage%20Manual/p
df/drain-manual-chapter-06.pdf (revised 7/09)

The values are used to compute the rainfall intensity I (inches/hour) as follows:

Equation 11.2 Rational Method Rainfall Intensity

] B
I (T + D)E
Where:
If = Rainfall intensity for a given year recurrence interval (2, 5, 10, 25, 50, & 100-year) in
inches/hour
T. = Drainage area time of concentration assumed equal to the storm duration), in
minutes

11.3.2 Modified Rational Method: Critical Storm Duration

The modified rational method is a variation of the Rational Method, developed mainly for the
sizing of detention facilities in urban areas. The Modified Rational Method is applied in a
manner similar to that of the Rational Method, except that it uses a fixed rainfall duration. The
Rational Method generates the peak discharge that occurs when the entire watershed is
contributing to the peak (at a time ¢ = T¢) of a triangular hydrograph and ignores the effects of a
storm which lasts longer than time . The modified rational method, on the other hand, considers
storms with a longer duration than the watershed 7c, which may result in a smaller or larger peak
rate of discharge, but will produce a greater volume of runoff (area under the triangular or
trapezoidal hydrograph) associated with the longer duration of rainfall. Figure 11.3 below shows
a family of hydrographs representing storms of different durations.

NOTE: The storm duration which generates the greatest volume of runoff may
not necessarily produce the greatest peak rate of discharge.
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10 year recurrence interval
hydrographs for various rainfall
averaging periods.

Rainfall averaging
periods in minutes

40
_ _"a._\: - :\?D €0 70
NN \
Y % Allowable Relegse Rate

Discharge (cubic feet per second)

Time (minutes)

Figure 11.3. Modified Rational Method Family of Runoff Hydrographs

All of the limitations listed for the Rational Method also apply to the Modified Rational Method.
The key difference is the assumed shape of the resulting runoff hydrograph. The modified
rational method allows the designer to analyze several different storm durations to determine the
one that requires the greatest storage volume with respect to the allowable release rate. This
storm duration is referred to as the critical storm duration and is used as a basin sizing tool. The
technique is discussed in more detail in Section 4-4.2 of Chapter 4 of the Blue Book .

The designer might perform an iterative calculation to determine the rainfall duration which
produces the maximum storage volume requirement when sizing a detention basin. Or, a simpler
approach would be to calculate the Modified Rational Method Critical Storm Duration Direct
Solution which uses rainfall “a” and “b” constants. These constants have been updated to reflect
the NOAA Atlas 14 rainfall data, however, there are no values for the 1-year storm event and
therefore may not be applicable to the VSMP channel protection criteria. A detailed explanation
of the computational procedure is provided in Section 5-4.3 of Chapter 5 of the Blue Book. The
updated “a” and “b” constants can be found in the VDOT Drainage Manual Appendix 11-H-1
and 11H-2 at:

http://www.extranet.vdot.state.va.us/locdes/electronic%20pubs/2002%20Drainage%20Manual/p
df/drain-manual-chapter-11.pdf (revised 7/09)

Chapter 11.5.4.2 of the VDOT Drainage Manual provides important usage instructions for the
“a” and “b” constants.
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11.3.3 NRCS Methods

The USDA-Natural Resource Conservation Service (NRCS) published Technical Release
Number 55 (TR-55), 2nd edition, in June of 1986, entitled Urban Hydrology for Small
Watersheds. NRCS has digitized this hydrologic model and currently uses and refers to “WinTR-
55,” and there is no longer a printed reference book.

NOTE: The Virginia Office of the USDA-NRCS is in the process of updating
and coordinating their hydrological methodologies with the NOAA Atlas 14
data. Rainfall distribution tables have been updated to reflect the NOAA
Atlas 14 data (see Appendix 11-B). As well, the TR-55 and TR-20 hydrologic
models have been converted into computer models (WIinTR55 and
WinTR20). The older TR-55 and TR-20 documentation used tables and
graphs that are no longer used in WIinTR55 and WIinTR20. The newer
computer models are also be implementing the NOAA Atlas 14 rainfall
frequency data, including rainfall depths and rainfall distributions. However,
since these conversions are still a work in progress, this chapter will refer to
the old TR-55 way of doing things, and will be updated at a future date to
incorporate the new reference materials.

The techniques outlined in 7R-55 require the same basic data as the rational method: drainage
area, time of concentration, land use and rainfall. The NRCS approach, however, is more
sophisticated in that it allows the designer to manipulate the time distribution of the rainfall, the
initial rainfall losses to interception and depression storage, and the moisture condition of the
soils prior to the storm. Section 4-4.3 of Chapter 4 of the Blue Book provides a detailed
description of these variables.

TR-55 presents two general methods for estimating peak discharges from urban watersheds: the
graphical method (see Section 4-4.4 of Chapter 4 of the Blue Book) and the tabular method
(see Section 4-4.5 of Chapter 4 of the Blue Book). The graphical method is limited to
watersheds whose runoff characteristics are fairly uniform and whose soils, land use, and ground
cover can be represented by a single Runoff Curve Number (CN).

The tabular method is a more complete approach and can be used to develop a runoff
hydrograph at any point in a watershed. For large watersheds, it may be necessary to divide the
area into sub-watersheds in order to account for major land use changes, analyze specific study
points within sub-watersheds, or locate stormwater drainage facilities and assess their effects on
peak flows. The tabular method can generate a hydrograph for each sub-watershed for the
same storm event. The hydrographs can then be routed through the watershed and combined to
produce a partial composite hydrograph at the selected study point. The tabular method is
particularly useful in evaluating the effects of an altered land use in a specific area within a
given watershed.

NOTE: As noted above, the NRCS tabular method is presented in the Blue Book

and referenced here in an effort to distinguish the difference between the
graphical peak discharge and tabular hydrograph methods. The tabular method of
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developing a runoff hydrograph is relatively straight forward, yet cumbersome
when attempted long-hand (pencil and paper), much like the storage indication
routing technique outlined in Section 5-9 (Hydrograph Routing) of Chapter 5 of
the Blue Book. While both these methods are straightforward, computing them
long-hand is comparable to using an abacus or a slide rule to compute standard
engineering calculations. VSMP Authority site plan reviewers are not likely to
encounter a plan using either the long-hand TR-55 Tabular Hydrograph Method
or long-hand Storage Indication Routing in the final stormwater design
computations.

In most cases, the designer will use the NRCS methods to develop the base

hydrology (CN, Tc, graphical peak discharge [g,], etc.), and use that data in one
of the numerous hydrologic/hydraulic computer models (including TR-55, TR-20,
HEC 1, etc.).

The NRCS methods of graphical peak discharge are covered in detail in Blue Book and will not
be repeated in the same detail here, other than to describe how they apply to the VRRM. The
reader is strongly encouraged to obtain a copy of the TR-55 manual from the USDA-NRCS to
gain more insight into the procedures and limitations.

11.3.4 NRCS Curve Number and Runoff Depth

Prior to using either the graphical or tabular methods to calculate a peak discharge, the designer
must determine the watershed weighted CN and the Tc. The NRCS CN is used to develop the
rainfall-runoff relationship and estimate the depth of runoff (Q) in inches. This method is
described in detail in Part 630 of the NRCS National Engineering Handbook (NEH, NRCS,
1985). The runoff equation (found in TR-55 and discussed later in this section) provides a
relationship between rainfall and runoff as a function of the CN. The CN is a measure of the
land's ability to infiltrate or otherwise detain rainfall, with the excess becoming runoff. The CN is
a function of the land cover (woods, pasture, agricultural use, percent impervious, etc.),
hydrologic condition, and soils.

The VSMP regulations address the development of the rainfall-runoff relationship very
specifically in 9 VAC 25-870-66 Water Quantity:

E. For purposes of computing predevelopment runoff, all pervious lands on the
site shall be assumed to be in good hydrologic condition in accordance with the
U.S. Department of Agriculture's Natural Resources Conservation Service
(NRCS) standards, regardless of conditions existing at the time of computation.
Predevelopment runoff calculations utilizing other hydrologic conditions may be
utilized provided that it is demonstrated to and approved by the VSMP authority
that actual site conditions warrant such considerations.

F. Predevelopment and postdevelopment runoff characteristics and site hydrology
shall be verified by site inspections, topographic surveys, available soil mapping
or studies, and calculations consistent with good engineering practices. Guidance
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provided in the Virginia Stormwater Management Handbook and by the Virginia
Stormwater BMP Clearinghouse shall be considered appropriate practices.

This regulatory language clearly places significant emphasis on accurate field reconnaissance to
verify the information needed to develop a CN for both the pre- and post-development
conditions. While it may seem arbitrary that the pre-development land cover must be considered
to be in “good” condition, the premise is that if it is not in good condition, this is likely due to
some form of land disturbance or use and, therefore, not reflective of true pre-development
conditions.

Curve Number: Section F of the VSMP regulations noted above identifies the level of effort
required to collect the data needed to establish the CN:

1. Soils mapping (to determine the hydrologic soil group): Section 4-4.3.3 of Chapter 4 of the
Blue Book provides a detailed description of the NRCS Hydrologic Soil Group (HSG)
Classification. Appendix 11-A of this chapter provides a list of the HSG classifications for
the soils of Virginia. The designer should consult BMP Specification No. 8, Appendix 8-A:
Infiltration and Soil Testing for guidance on determining the equivalent HSG for soils that
have been disturbed by prior development or other impacts.

2. Land cover type (impervious, woods, grass, etc.).

Treatment (cultivated or agricultural land).

4. Hydrologic condition (for design purposes, the hydrologic condition should be considered

"GOOD" for the pre-development condition).

Urban impervious area modifications (connected, unconnected, etc.).

6. Topography — detailed enough to accurately identify drainage divides, t, and T, flow paths

and channel geometry, and surface condition (roughness coefficient).

w

o

NOTE: Terminology Alert 1 — It is very important to recognize that TR-55

and the VRRM use the term Open Space differently:

e The VRRM considers managed turfto be equivalent to the TR-55 open space,
that is: lawns, parks, golf courses, and cemeteries, with a CN equivalent to
pasture/grassland in good hydrologic condition. This generally represents
lawn areas that have been cleared and/or graded to accommodate
development.

e The VRRM considers Open Space to be protected undisturbed (or restored)
land comparable to Forest and equivalent to the TR-55 woods, that is: wooded
areas protected from grazing with ground litter and brush covering the soil.

The VRRM definition of what can be considered Forest/Open Space is provided
in Table 12.1 of Chapter 12 of this Handbook, and includes land that will remain
undisturbed OR that will be restored to a hydrologically functional state; as well
as land that will be subject to minimal operational and management activities so
as to minimize the compaction of soils, the application of fertilizers, and other
impacts. In all cases, the designation of lands as Forest/Open Space will require
some form of a protective covenant.
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The designer should refer to Chapter 4 of the Blue Book or more appropriately TR-55 for a full
explanation of the basis for NRCS CN’s.

Runoff Depth Q: The runoff depth is the measure of the fraction of rainfall that becomes runoff.

The NRCS runoff equation (TR-55 2-1) is used to solve for runoff depth, Q, in inches, as a
function of rainfall depth and CN:

Where:

Equation 11.3. NRCS Runoff Equation, Q [TR-55 Eq. 2-1]

(P - Ia)z

C=P-D+s

Equation 11.4. NRCS Runoff Equation, la [TR-55 Eq. 2-2]

I, =028

Equation 11.5. Modified NRCS Runoff Equation [TR-55 Eq. 2-3]

_ (P—0.25)?
(P +0.89)

Equation 11.6. NRCS Runoff Equation: S [TR-55 Eq. 2-4]

1000
~ CN

O = runoff depth (in),

P = rainfall depth (in),

I, = Initial abstraction (in),

S = potential maximum retention after runoff begins (in),
CN = Curve Number

These terms are further described, as follows:

The Runoff Depth (Q) is measured in inches and can also be referred to in units of
watershed-inches, meaning it represents the depth of runoff across the watershed or drainage
area as described by the CN, and can easily be converted into a volume of runoff. (The runoff
equation figures prominently in the application of the volume reduction credit when applied
to the quantity control requirements; see Section 11.6 of this Chapter.)

NOTE: Terminology Alert Number 2 — the term Q is often used in stormwater
designs to refer to peak discharge measured in cubic feet per second (cfs).
However, NRCS methodology uses Q to refer to runoff depth, in inches, as noted
in the NRCS Runoff Equation above. The runoff depth is readily converted to

11-15



Virginia Stormwater Management Handbook, Chapter 11 July 2013

runoff volume by multiplying by the drainage area, or is converted to peak
discharge (g, measured in units of cubic feet per second, or cfs) through a process
of convolution using a unit hydrograph or the TR-55 Graphical Peak Discharge
method.

The VRRM Compliance Spreadsheet’s Channel and Flood Protection tab uses
the term RV for the Runoff Depth in inches as applied to the CN adjustment.
Further discussion of the VSMP regulation Quantity Control Criteria will require
further clarification of these terms (see Section 11.6.1 of this Chapter).

The rainfall (P) as required by the VSMP regulations is as follows:

o 1-inch of rainfall is determined to be the 90" percentile rainfall depth, required by the
VRRM to address the annual pollutant load reduction requirements (9 VAC 25-870-65
Water Quality Compliance). The determination of the 90" percentile rainfall is
discussed in more detail in Section 10.1.2 of Chapter 10 of this Handbook; or

0 1-year 24-hour storm, 2-year 24-hour storm, and/or the 10-year 24-hour storm rainfall
depths, as derived from NOAA Atlas 14 (Appendix 11-B) as required for addressing the
water quantity (stream channel and flood protection) requirements (9 VAC 25-870-66.
Water Quantity).

Initial abstraction (/a) is the combination of all rainfall losses before runoff begins, and
consists mainly of interception, infiltration during early parts of the storm, and surface
depression storage. It is measured in inches and can be described as the depth of rainfall that
occurs before runoff begins. Infiltration during the early part of the storm is highly variable
and dependent on such factors as rainfall intensity, soil crusting, and soil moisture
(antecedent condition); however, it is generally correlated with soil and land cover
parameters. Values for /a can be obtained in TR-55.

The potential maximum retention (S) after runoff begins is dependent upon the soil cover
complex and, in principle, should not vary from storm to storm. It is the depth of rainfall that
is captured and retained on the landscape in excess of the initial abstraction. The application
of Runoff Reduction practices serves to increase the maximum retention (S), thereby
decreasing the CN (discussed further in Section 11.6.3 of this Chapter).

TR-55 provides a graphical solution for the runoff equation, provided in Appendix 11-C. Also,
the National Engineering Handbook provides the runoff depths for selected CNs in tabular form,
also provided in Appendix 11-C. Additional information on the derivation, assumptions, and
limitations of the Runoff Equation can be found in Part 630 of the NRCS National Engineering
Handbook.

11.4 THE VIRGINIA RUNOFF REDUCTION METHOD

The Virginia Runoff Reduction Method (VRRM) is designed to provide a more consistent path
towards achieving the water quality treatment objectives (nutrient reductions) and performance
goals (annual load reductions) as identified by the VSMP regulations: the reduction of nutrients,
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specifically Total Phosphorus (TP), to a prescribed site-based annual pollutant load limit (TP <
0.41 Ib/ac). (see Section 11.4.4 of this Chapter)

Previous stormwater quality regulatory performance goals were focused, figuratively speaking,
on scrubbing the target pollutants out of each drop of storm water with the application of BMPs.
This strategy is dependent on the BMP’s ability to reduce the Event Mean Concentration (EMC
in mg/l) of the pollutant in the runoff. The challenges with this strategy have become very
apparent:

e BMP performance is highly variable. Nutrient removal, especially TP and TN, can be
very difficult to target and quantify based on seasonal and other factors;

e Nutrients in the natural environment can exist in different forms and at a wide range of
concentrations. In some circumstances, it may be physically impossible, using BMPs
only, to consistently reduce the EMC of any given pollutant to the extent required by the
VSMP regulations or that which may be required to meet water quality goals. For many
pollutants, the outflow from a BMP is limited by the threshold of an “irreducible
concentration,” which is reflective of the limits of the treatment mechanisms.

Therefore, the VRRM adds the reduction of runoff volume as an important treatment objective,
representing a significant means to achieve the primary compliance objective of pollutant
removal. In theory, where BMPs may not be able to consistently reduce the EMC of a pollutant
(the amount of pollutant in each drop of water), the runoff reduction strategies aim to reduce the
total number of drops of runoff, thereby dramatically improving the total annual pollutant load
reduction performance. This overall performance can be characterized as follows:

Total Load Reduction (TR) Ib/yr = Runoff Reduction (RR) + Pollutant Removal (PR)

Another primary goal of the VRRM is to establish a link between the water quality and water
quantity requirements of the regualtions. The Code of Virginia (8 10.1-603.4. Development of
regulations) establishes that the VSMP regulations should encourage the use of Low Impact
Development.  While not actually mandating specific site design strategies, the VRRM
incorporates provisions that allow the designer to compute the hydrologic credit of incorporating
structural and nonstructural volume reduction water quality protection strategies and, by doing
so, to reduce the storage volume required to meet the water quantity (channel and flood
protection) requirements.

Chapters 5 and 6 of this Handbook provide extensive amounts of information related to
stormwater management approaches and site design strategies that reduce stormwater volume.
The VRRM Technical Memo (CWP 2008) provides the supporting documentation for the runoff
reduction capabilities and updated pollutant removal performance of the different BMPs. Section
11.6 of this chapter provides information on crediting runoff volume reduction for water quantity
control requirements.

11.4.1 The Virginia Runoff Reduction Method as a Regulatory Standard

Section 9 VAC 25-870-65.A of the VSMP regulation requires that:
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A. Compliance with the water quality design criteria set out in subdivisions 1
and 2 of 9 VAC 25-870-63 shall be determined by utilizing the Virginia Runoff
Reduction Method or another equivalent methodology that is approved by the
board.

B. The BMPs listed below are approved for use as necessary to effectively reduce
the phosphorus load and runoff volume in accordance with the Virginia
Runoff Reduction Method.

This establishes the VRRM as the computational method for demonstrating compliance
(however, the Board may authorize the use of an “equivalent” methodology). Section 9 VAC 25-
870-63, referred to in the citation above, establishes the water quality design criteria
requirements; and the reference to the “BMPs listed” establishes that BMPs listed on the Virginia
BMP Clearinghouse website are the practices authorized to be used for compliance.

The VRRM represents a simple computational method that establishes specific values for several
fundamental parameters of stormwater management. These parameters, listed below, represent
the core functional elements of the method:

1. Volumetric runoff coefficients for three basic land cover types (undisturbed forest/open
space; disturbed areas/managed turf; and impervious cover) based on Hydrologic Soil
Groups.

The volumetric runoff coefficients (Rv) are discussed in detail in the VRRM Technical
Memo (CWP 2008), and Section 5.3.2 of Chapter 5 and Section 10.1.2.1 of Chapter 10 of
this Handbook. These coefficients, based on extensive research, reflect the relative
contributions of the different land covers to both runoff volume and runoff pollutant loads.

NOTE: Terminology Alert 3 — This Rv term should not be confused with the VSMP
regulation Channel Protection Criteria Energy Balance Equation term for runoff
volume , labeled as RV. Refer to Table 11.3 in Section 11.6.1 of this Chapter.

2. Computational procedures for determining the BMP design Treatment VVolume (7v) using the
90" percentile rainfall depth.

The Tv is a central component of the VRRM and represents the common currency of site-
based stormwater management, linking the water quality and quantity criteria together. The
Tv and the establishment of the 90" percentile rainfall depth is discussed in more detail in
Section 5.3.3 of Chapter 5 and Section 10.1.2 of Chapter 10 of this Handbook.

3. Computational procedure for calculating annual pollutant loading from a developed site;
Simple method.

The VRRM uses a modified Simple Method (Equation 11.9, Section 11.4.4) for calculating

the annual pollutant load from the developed site. The calculation is performed for the entire
site to establish the target load reduction requirement, and for each drainage area to
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determine the relative reduction achieved by the implementation of BMPs. The load
reduction achieved through the implementation of structural and nonstructural BMPs must be
such that the calculated site-based total annual load is less than or equal to 0.41 Ib/ac/yr (9
VAC 25-870-63.A.1).

4. Runoff reduction and pollutant removal credits for specific BMPs (the sizing of which are
governed by the BMP Design Specifications approved by Director of the Department of
Environmental Quality [DEQ] and posted on the Virginia BMP Clearinghouse website);

The VRRM Technical Memo (CWP 2008) identifies the research that supports the BMP
pollutant removal and volume reduction credits adopted by the DEQ. The basis of the BMP
design specifications, including the Level 1 and Level 2 designs and performance credits,
includes a thorough review of the National Stormwater Quality Database (NSQD 2004), the
National Pollutant Removal Performance Database (version 3 (CWP, 2007), and a literature
review and synthesis of 50 stormwater technical notes and in-depth analysis of more than 70
BMP research studies. Level 1 and Level 2 BMP standards are discussed further in Section
11.4.3 of this Chapter.

5. Computational procedures are provided for a simplified CN adjustment to account for runoff
reduction practices when evaluating compliance with the water quantity control requirements
(channel and flood protection) of 9 VAC 25-870-66.

Several methods of manipulating the large storm runoff hydrograph to reflect the runoff
reduction achieved in meeting the water quality requirements were considered. The CN
adjustment was considered a reasonable estimation of the runoff hydrograph, and is covered
in more detail in Section 11.6.3 of this Chapter.

11.4.2  Volumetric Runoff Coefficients (Rv)

Chapter 5.3.4 describes the VRRM three-step compliance strategy. The compliance objective is
still to meet the site-based pollutant load limit for Total Phosphorus. Therefore, the three-step
strategy represents the suggested means to achieve that load limit, beginning with site design and
runoff reduction practices. In that context, the regulatory requirement is not to incorporate all
three steps for every development site. Depending on site characteristics and load reduction
requirements, a site may incorporate one, two, or all three of the steps. Nevertheless, the three
steps are a sound way to start developing a compliance strategy. The three steps are as follows:

Step 1: Apply Environmental Site Design (ESD) practices (see Chapter 6) to minimize
impervious cover, grading, and loss of forest cover. This step includes the
conservation of open spaces where the natural soil horizon and native vegetation is
preserved. Employing these practices can result in a reduction of the required water
quality Treatment VVolume (7v) and pollutant load generated by the site, before any
BMPs are selected and applied to the site design.

Step 2: Apply Runoff Reduction (RR) BMPs to reduce the runoff volume generated by the
developed portions of the site. This step includes the selection of those BMPs that have
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demonstrated the ability to retain runoff volume through evapotranspiration, infiltration,
extended filtration, and alternative use (such as rainwater harvesting). This step also
includes the restoration or the protection of established hydrologically functional areas
of the site, such as buffers, conserved open space, reforested areas, addition of soil
amendments, etc.; and

Step 3: Apply Pollutant Removal (PR) BMPs to achieve any remaining pollutant removal
that may be required to achieve the required annual load limit of 0.41 Ib/ac. This
step can also include the purchase of nutrient offsets or other off-site compliance
options.

The primary objective of Step 1 is to reduce the overall site runoff volume. The computational
equivalent would be to reduce the runoff depth (Q) described in Section 11.3.4. In some cases,
the implementation of ESD practices will be self-crediting; that is, designs that reduce
impervious cover and/or maintain forested areas will have a lower CN and thereby a lower
overall runoff depth computed, using the NRCS Runoff Equation. Likewise, the VRRM
computational procedure for computing the annual pollutant load and the corresponding runoff
Tv for BMP sizing will self-credit when areas of the site are undisturbed or designated for
restoration and/or protection. Table 11.1 provides the relevant volumetric runoff coefficients
(Rv).

Table 11.1. Land Cover Volumetric Runoff Coefficients (Rv)

Runoff Coefficients
Land Cover
HSG-A HSG-B HSG-C HSG-D
Forest/Open Space 0.02 0.03 0.04 0.05
Disturbed Soil or Managed Turf 0.15 0.20 0.22 0.25
Impervious Cover 0.95

Source: CWP, 2008

As illustrated by the Rv values in Table 11.1, the effect of grading, site disturbance, and soil
compaction greatly increases the runoff coefficient compared to forested areas. These values are
based on research (CWP, 2008) that includes small storm hydrology factors in order to correlate
the 1-inch rainfall event to an annual volume of runoff. That is, by managing the runoff from the
1-inch rainfall event, the total annual volume of rainfall that is managed can be translated to an
equivalent annual volume of runoff and pollutant load computation.

The designer will enter the acres of Forest/Open Space, Managed Turf, and Impervious Cover
into the User Input cells of the Site Data tab and the appropriate drainage area (D.A.) tabs of the
VRRM Compliance Spreadsheet. The spreadsheet will generate a composite Rv for the site and
the drainage areas. This composite Rv is comparable to a NRCS CN or the Rational Method
runoff coefficient in that it describes how much rainfall becomes runoff.
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The proper assignment of Rv values to the different land covers requires that the designer have
accurate soil information for the site. Another element in selecting Rv values is verifying that any
acreage that is to be designated as Forest/Open Space will in fact be preserved, both during
construction and after construction. This means that these areas must be designated to be
protected on the erosion and sediment control plan, and an enforceable recorded protective
documentation (e.g., easement) must be developed and executed prior to plan approval.

11.4.3  Treatment Volume (Tv)

Treatment VVolume (7v) is the calculated design volume of runoff that must be managed to meet
the VSMP water quality requirements. The VSMP water quality load limit for TP is a site-based
limit, meaning that the 7v does not need to be “zeroed out.” The 7v is reduced to the point where
the site-base load limit is achieved. In other words, if enough total load reduction (TR) is
achieved through runoff reduction (RR), Pollutant removal (PR), or a combination of the two in
one portion of the site or drainage area, the remaining area does not require treatment. (On the
other hand, every point of stormwater discharge from the site must be analyzed to show
compliance with the VSMP water quantity requirements.)

NOTE: Terminology Alert Number 4 — The term Treatment VVolume (7v) refers
to the volume associated with a particular drainage or land area based on the land
cover and resulting volumetric Runoff Coefficient (Rv — see Section 11.4.2).
There can be a 7v for the entire site (based on the composite Runoff Coefficient),
a Tv for a particular drainage area within the site (for instance, for each drainage
area tab in the VRRM Compliance Spreadsheet), and a 7v for an individual BMP
based on the contributing drainage area and/or volume from an upstream practice.
These can be referred to as Tvsire, Tvpa, and Tvpup respectively.

It is important to note that the Tvs;7eis the most important for overall compliance
purposes, as it relates directly to computing the post-developed pollutant load and
the corresponding load reduction required to meet the site-based TP load limit.
Any adjustments to a Drainage Area tab land cover based on the site design BMP
selection, i.e., the selection of a BMP such as Sheetflow to a Vegetated Area or
Open Space, or preservation of open space or reforestation should also be
reflected on the Site Data tab land cover, as this will reduce the overall site-based
reduction requirement.

The Tvaup is most important for sizing individual BMPs in accordance with the
specifications, because each BMP is sized based on the 7v generated by the
contributing drainage area (CDA) draining to that BMP.

Most of the BMP Design Specifications include a Level 1 and Level 2 design standard. The
Level 1 standard generally requires a storage or treatment function sized for the 7v. The Level 2
design standard increases the Tv storage or treatment function sizing by a factor of 1.1, 1.25, or
1.5. This Tv multiplier is included in the BMP Design Specifications and was derived for each
practice based on the available BMP performance data relative to the annual volume of runoff
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treated. (Refer to the complete BMP Design Specifications posted on the Virginia Stormwater
BMP Clearinghouse website at: http://vwrrc.vt.edu/swc/.)

The VRRM Tv is calculated by multiplying the 1-inch rainfall depth by the composite Rv based
on the three site cover runoff coefficients: Forest/Open Space (F), Managed Turf (T), and
Impervious Cover (I) present at the site, as shown in Equation 11.7 below (CWP et al., 2008).
This method generates a 7v of close to 1 inch for highly impervious sites and a gradually
decreasing Tv for decreasing levels of imperviousness.

Equation 11.7 Stormwater Treatment Volume (Tv)

P x [vaomposite] X SA
Tv = 12

Equation 11.8 Composite Volumetric Runoff Coefficient (Rvcomposite)

vaomposite = (va X %I) + (RUT X %T) + (RUF X %F)

Where:
v = Stormwater treatment volume in acre feet
Rveomposie = Composite or weighted runoff coefficient
P = Depth of rainfall; “water quality” P = 1-inch
Rvl = Runoff coefficient for Impervious cover (Table 11.1)
RvT = Runoff coefficient for Turf cover or disturbed soils (Table 11.1)
RvF = Runoff coefficient for Forest/Open Space (Table 11.1)
%1 = Percent of site in Impervious cover (fraction)
%T = Percent of site in Turf cover (fraction)
%F = Percent of site in Forest/Open Space (fraction)
S4 = Total site area, in acres

As discussed in Terminology Alert Number 4 above, this computation can be for the site, a
drainage area within the site, or an individual BMP drainage area.

Related to the discussion of CN in Section 11.3.4 of this Chapter, another important terminology
alert is provided here to emphasize the importance of proper land cover definitions associated
with the VRRM:

NOTE: Terminology Alert Number 5 — TR-55 and the VRRM use the term

Open Space differently:

e The VRRM considers managed turfto be equivalent to the TR-55 open space,
that is: lawns, parks, golf courses, and cemeteries, with a CN equivalent to
pasture/grassland in good hydrologic condition. This generally represents
lawn areas that have been cleared and/or graded to accommodate
development.
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e The VRRM considers Open Space to be protected undisturbed (or restored)
land comparable to Forest and equivalent to the TR-55 woods in good
hydrologic condition; that is, wooded areas protected from grazing with
ground litter and brush covering the soil.

e The VRRM definition of what can be considered Forest/Open Space is
provided in Table 12.1 of Chapter 12, and includes land that will remain
undisturbed OR that will be restored to a hydrologically functional state, as
well as land that will be subject to minimal operational and management
activities so as to minimize the compaction of soils, the application of
fertilizers, and other impacts. In all cases, the designation of lands as
Forest/Open Space will require some form of a permanent protective
covenant, deed restriction, easement, or similar measure.

The designer should refer to Chapter 4 of the Blue Book or, more appropriately TR-55 for a full
explanation of the basis for the CNs, and Table 12.1 of Chapter 12- for details and definitions
on how to qualify land cover for purposes of calculating the 7v.

11.44  The Simple Method

The Simple Method estimates the annual pollutant load exported in stormwater runoff from
small urban catchments (Schueler, 1987). The Simple Method sacrifices some precision for the
sake of simplicity and ease of use, but it is a reasonably accurate way to predict annual pollutant
loads. The Simple Method as shown in Equation 11.9 below was used to establish the site-based
annual TP load limit of 0.41 Ib/ac/yr (average natural load), and is also used to calculate the
annual TP and TN loads of the site in its developed condition (Site Data tab of the VRRM
Compliance Spreadsheet). The difference between these two TP values represents the site-based
TP Load reduction requirement.

Equation 11.9 Simple Method Pollutant Load Calculation

L =P X P; X RUcomposite X C X A X 2.72/12

Where:

L = total post-development pollutant load (pounds/ year)

P = average annual rainfall depth (inches) = 43 inches for Virginia
P; = fraction of rainfall events that produce runoff = 0.9

Rvcomposie = COMpOSite volumetric runoff coefficient (Equation 11.8)

C = flow-weighted event mean concentration (EMC) of TP (mg/L)
A = area of the development site (acres)

12 = unit conversion factor: rainfall inches to feet

2.72 = unit conversion factor: L to ft®, mg to Ib, and acres to ft?

The VRRM Compliance Spreadsheet also calculates the pollutant load generated by the
contributing drainage area to the selected BMPs (D.A. tabs). Refer to Chapter 12 of this
Handbook for an explanation of the VRRM Compliance Spreadsheet and the supporting
calculations.

11-23



Virginia Stormwater Management Handbook, Chapter 11 July 2013

11.4.4.1 Total Phosphorus Event Mean Concentration

The Center for Watershed Protection (CWP) analyzed the National Stormwater Quality Database
(NSQD) version 1.1 to compare Virginia with National Event Mean Concentrations (EMCs)
derived for total nitrogen (TN), total phosphorus (TP), and total suspended solids (TSS).
Statistical trends were examined for the EMCs based on land use (residential/non-residential)
and physiographic province (Piedmont/Coastal Plain).

Based on the analysis, there is a statistically significant difference in pollutant concentrations in
stormwater between residential and nonresidential sites, particularly for TN. In one sense, this
could have been considered justification for using different EMCs for the two categories of land
use. However, the designation of a land use category would also require a corresponding
impervious cover in order to differentiate between high density residential and commercial,
detached residential and campus commercial, etc. The distinction of the amount of impervious
cover created unintended consequences, including hidden incentives to increase impervious
cover to qualify for an easier compliance threshold, among other complications. This ultimately
led to the selection of a single EMC standard for measuring compliance.

The review of Virginia piedmont and coastal plain residential and non-residential EMCs
bracketed the existing standard of 0.26 mg/l as established by the Virginia Stormwater
Management Program (CWP 2008). Therefore, the TP EMC for regulatory compliance remains
0.26 mg/l.

11.4.4.2 Site-Based Total Phosphorus Load Limit

The site-based load limit for TP was derived with the intention of establishing the allowable
maximum TP load from developed lands that would meet the targets established in the Virginia
Tributary Strategies. As the Chesapeake Bay Total Maximum Daily Load Watershed
Implementation Plan (TMDL WIP) came to replace the earlier Virginia tributary strategies, the
focus on setting this site-based load limit shifted towards identifying the land being converted to
development. Several iterations of calculations were considered, each making different
assumptions of the land conversions: the relative amount of forest and agricultural lands
historically being converted to urban lands.

The Chesapeake Bay TMDL WIP initially identified that the allocation for nutrient loads from
new developed lands would be based on achieving no increase above allowable 2025 average
nutrient loads from previous land uses. The final TMDL Phase | WIP further refined the
proposed load limit by establishing that the assumed “previous” or prior land uses of the
proposed developed lands within Virginia’s Chesapeake Bay watershed would be assumed to be
a mix of forest, cropland, pasture, and hay.

A Virginia Stormwater Management Regulatory Advisory Panel (RAP) was convened to analyze
the various options previously considered, as well as propose new ones, for establishing a land-
use based regulatory nutrient load limit for new development. The RAP considered several
scenarios of land use conversion trends in the Chesapeake Bay watershed (WSSI, 2001a). Since
the regulatory mandate was intended to apply statewide, the focus was adjusted to consider all of
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Virginia and not just the Chesapeake Bay watershed. Ultimately the RAP elected to use the
Impervious Cover Model (Schueler et al. 2009) to define the nutrient baseline upper limit as that
generated by the amount of impervious cover that has been shown to impact the index of biotic
integrity in streams: approximately 5% to 10% small watershed imperviousness. Since the
VRRM also identifies the other land covers associated with urban development as sources of TP,
the RAP also had to designate the base-line upper limit land cover for the balance of the
developed site: managed turf and forest/open space and the corresponding soil types (since the
VRRM runoff coefficients are adjusted for hydrologic soil groups).

The final consensus of the RAP was to define the target site-based load limit from newly
developed lands as 0.41 Ib/ac/yr, computed using the VRRM for typical land cover as follows:

Impervious cover = 10%
Forest/Open Space = 60%
Managed Turf = 30%

The assumed soil types for each land cover were estimated from the from STATSGO state-wide
soils database soils breakdown for Virginia outside of the Chesapeake Bay Watershed:

HSG A: 1.15% HSG C: 28.60%
HSG B: 61.28% HSG D: 8.97%

11.5 WATER QUALITY CALCULATIONS

Water quality calculations include the steps of calculating the pollutant loading from the
developed site (Equation 11.9), and developing a combined strategy of site design and BMP
implementation that reduces the calculated pollutant load to the required load limit of 0.41 Ib/ac
(Equation 11.10). The selection and design of various site design and BMP strategies can be
tested using the VRRM Compliance spreadsheet. The basis of the VRRM is the use of site
design strategies that increase runoff abstraction and the implementation of stormwater BMPs
that include retention storage to reduce the volume of runoff discharging from the site as a
pathway to reduce pollutant loads. Additional pollutant load reduction can be achieved with
BMPs that do not necessarily retain runoff. The volume and pollutant reduction credit is
combined as a percent reduction and applied to the calculated pollutant load (Equation 11.9) to
demonstrate compliance with the site based load limit. Equation 11.10 provides the computation
for the pollutant load reduction requirement. The BMP implementation strategy must achieve a
total load reduction (runoff volume reduction plus pollutant removal) efficiency to achieve the
required reduction.

Equation 11.10: Water Quality Pollutant Load Reduction Requirement

Lreduction = Lpostdevelopment - (0-41 lb/ac/yr) XA

Where:
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Lyeduction = load reduction requirement (Ib)

Ly ostdevelopment= Postdevelopment pollutant load (Equation 11.9)
0.41 Ib/ac/yr = site based TP load limit

A = drainage or site area (acres)

11.5.1 General Considerations: Stormwater Retention vs. Detention

The definition of retention storage implies infiltration, evapotranspiration, or use (as in rainwater
harvesting). The most common example of retention is infiltration. However, the physical ability
to infiltrate runoff into the native soil horizon is limited by the permeability of the native soil.
While runoff will naturally seep into even hydrologically limited soils (such as HSG C and D
soils) if given enough time, the typical stormwater management strategy of conveying the runoff
from a developed drainage area to a comparatively small area designated for infiltration is
limited by the hydrologic and hydraulic loading of the soils. In other words, relying on
infiltration in marginal soils (i.e., with low permeability) as a long term stormwater retention
strategy, even when implementing uniformly distributed micro-scale practices, is highly
dependent on adequate soil permeability in order to meet requirements for long term
performance.

The challenge of ensuring that the operational life of retention BMPs is comparable to that of the
other site infrastructure is best addressed during design. Many designers elect to forego
infiltration (unless the soils are verified as highly permeable, and the site is relatively clean, i.e.,
low traffic and minimal particulate pollutant loads) and instead select practices that include an
underdrain.

The popularity of bioretention as a stormwater practice can be partially attributed to its
effectiveness in providing the function of retention through the engineered soil media, along with
the biological uptake and evapotranspiration through the plantings, even with an underdrain °.
The Level 1 and some Level 2 practices that incorporate an underdrain provide varying degrees
of volume reduction credit. Some credit is derived from the internal water storage within the soil
matrix where the volume of runoff is held for an extended period (and either released by the
plants via evapotranspiration or eventually drained by the underdrain) and the Level 2 credit is
partially attributed to the potential for infiltration at the bottom of the practice (infiltration sump).
Research indicates that the delayed discharge from bioretention cells is statistically similar to
storm flow reaching streams via interflow in undeveloped watersheds (DeBusk et al. 2011).

These results suggest that a bioretention cell with an underdrain processes stormwater and
delivers it to the receiving stream in a manner comparable to an undeveloped watershed,
particularly in watersheds that don’t exhibit naturally high levels of infiltration. As such, the
retention credit is applied to practices with an underdrain based on mimicking the pre-
development hydrologic characteristics of interflow. Section 8.1 of Chapter 8 provides

3 The Level 2 Bioretention design includes a provision for establishing a sump beneath the underdrain in
order to achieve Level 2 performance even with an underdrain.
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additional research and supporting documentation for the various runoff volume reduction
mechanisms, including evapotranspiration.

Another distinction between retention and detention is the availability of storage for additional
runoff over an extended storm event. It should be expected that, once filled, the traditional
retention storage is no longer available to capture additional runoff volume. For storm events
greater than 1 inch or consecutive rain events with a short interval, runoff will likely bypass the
practice; whereas practices with underdrains will likely have some storage capacity available as
runoff is leaving the system over the course of the storm. This results in treatment of more
volume than the static design storage. This might seem to be contrary to the statements above
regarding retention; however, it actually is consistent with how an undeveloped watershed
processes stormwater as the soils begin to saturate, creating more runoff.

11.5.2 BMP Sizing Using the VRRM Treatment Volume

The VSMP regulations require an annual pollutant load reduction. To achieve this performance
goal, the 90" percentile rainfall depth of 1 inch was selected as the design storm for sizing
BMPs. The rationale for using the 90" percentile event is that it represents the majority of runoff
volume on an annual basis, and that targeting larger events would not be cost effective in terms
of BMP implementation. The upward inflection of the rainfall depth-frequency curve at the 90%
mark (Chapter 10, Figure 10.3) indicates that BMPs would be required to be increasingly larger
and more expensive for every incremental increase in rainfall depth above 1 inch. However,
targeting the first 1-inch rainfall depth still provides partial treatment for water quality and
quantity protection for these larger storms. Chapter 10 provides a thorough explanation of the
choice of thel-inch rainfall depth as the water quality design storm.

The Post-Development 7v (Equation 11.7) is computed in the VRRM Compliance Spreadsheet:

1. On the Site Data tab for the entire site (7vsirr);

2. For each drainage area on the D.A. tabs (7vp4); and

3. For each BMP selected in the D.A. tab, based on the Credit Area of turf acres and impervious
acres draining to the practice (7vsup). This is the Tv that is used to size the BMP.

The Tveup used to size the BMP (item 3 above), is not summed for the designer in the VRRM
Compliance Spreadsheet. Rather, the designer has to determine the design Tvsyp by summing
the Runoff Reduction (D.A. tab Column 1) and the Remaining Runoff VVolume (D.A. tab Column
J). This sum also includes the additional runoff volume (if any) delivered from an upstream
practice (Column H). Or the designer may use Equation 11.7 to compute the volume
independent of the spreadsheet.

Example Tv determination: The following example illustrates the determination of the Tvaup
from the D.A. tab of the VRRM Compliance Spreadsheet.

Step 1: Consider a drainage area of 2.5 acres within a larger development site:

Drainage Area Land Cover data input cells:
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Drainage Area A Land Cover (acres)
A soils | B Soils | CSoils | D Soils | Totals | Land Cover Rv
Forest/Open Space (acres) 0.00 0.00 0.50 0.00 0.50 0.04
Managed Turf (acres) 0.00 0.00 0.75 0.00 0.75 0.22
Impervious Cover (acres) 0.00 0.00 1.25 0.00 1.25 0.95
Total 2.50
| Post Development Treatment Volume (cf) | 4,982 |

Step 2: Determine the contributing drainage area of Managed Turf and Impervious cover to a

selected BMP. Any area of Forest/Open space to the BMP is not applied to BMP sizing
(this is intended to avoid the need to construct BMPs to manage runoff from
Forest/Open Space, it also serves as an incentive to avoid impacting forested areas, and
to protect or restore new open space areas).

Select Bioretention Level 1:

Treat all the impervious acres [1.25 ac (row 46, column G)]; and all the turf acres
[0.75 ac (cell G47)]

Treatment Volume (7vaup) to Bioretention Level 1:

Sum of cells 146 and 147 (Runoff Reduction: 1,724 + 240) & J46 and J47
(Remaining Runoff Volume: 2,586 + 359) = 4,909 ft3

Total Area Treated (cells G71 and G72) = 1.25 ac impervious, 0.75 ac turf

Bioretention Level 1 is treating 2.0 acres, and is sized based on a contributing
Tvemp Of 4,909 ft3.

This example can also illustrate how the design 7Tvgup being directed to the Bioretention BMP is
reduced when the contributing drainage area, or a portion thereof, is directed to a runoff
reduction BMP prior to the Bioretention area. In this case, an Alternate Scenario includes
Permeable Pavement Level 1 to treat a portion of the parking runoff prior to discharging to
Bioretention.

Alternate Scenario:

Step 1: Manage some of the parking runoff (0.75 ac of the 1.25 acre of impervious) with

Permeable Pavement Level 1; and direct the remaining runoff to a downstream
Bioretention Level 1 practice (that will also treat the remaining impervious area and all
the turf acres — Step 2 below).

Select Permeable Pavement Level 1:

Implement 0.75 acres of permeable pavement [0.75 ac (cell G28)];
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Treatment Volume (7vaup) to Permeable Pavement L1:

Sum of cell 128 (Runoff Reduction: 1,164) & J28 (Remaining Runoff Volume:
1,423) = 2,587 ft3

Select Bioretention Level 1 as Downstream Treatment to be Employed (column P).

Step 2: Select Bioretention L1: Treat the remaining impervious acres [1.25 — 0.75 = 0.5 ac
(cell G46)]; and all the turf acres [0.75 ac (cell G47)] with Bioretention L1.

Treatment Volume (7vaup) to Bioretention L1:

Sum of cells 146 and 147 (Runoff Reduction: 1,259 + 240) & J46 and J47
(Remaining Runoff VVolume: 1,888 + 359) = 3,746 ft* (reduction of approximately
24% of the required Bioretention 7v).

The total 7vsup includes 1,423 ft® of Volume from Upstream RR Practice (cell
H46)

Total Area Treated (cells G71 and G72) = 1.25 ac impervious, 0.75 ac turf.

The same acreage is treated, however the design treatment volume to the Bioretention
Level 1 is reduced, and the overall pollutant load reduction performance is increased by
using an upstream practice to create a volume reduction treatment train.

11.5.2.1 Annual Volume and Pollutant Load Reduction Credit

The VRRM Compliance Spreadsheet is a BMP selection and compliance tool — not a BMP
design tool. It provides a common language and allows for cross-checking between designers
and plan reviewers. The discussion above illustrates how the spreadsheet will provide valuable
information regarding BMP sizing and design. It is important to note that, when a BMP such as
Bioretention is selected, the spreadsheet does not include a sizing or “storage volume provided”
function. As such, the annual volume and pollutant load reduction computation does not reflect
BMP sizing; the spreadsheet assumes that the BMP has been sized according to the BMP Design
Specifications, and awards the annual volume reduction credit accordingly. There is no increase
in the annual volume or pollutant load reduction (other than that awarded for Level 2) since there
is no supporting data for the load reductions associated with the small number of storms that
represent the largest 10% of the annual rainfall events.

Similarly, the quantity control credits that are applied to the CN adjustment calculations on the
Spreadsheet’s Channel and Flood Protection tab do not reflect instances of increased storage.
The Curve Number adjustment represents the blending of annual volume reduction and single-
event modeling in the VRRM. The intent is to provide a practical and easy-to-use compliance
tool, and not a design tool (which would be significantly more complex and likely not a
spreadsheet based application).

NOTE: BMPs can be designed with additional storage volume above the required

Level 1 or Level 2 design Tv. However, sizing must still be in accordance with
the BMP Specifications, and the annual volume and annual pollutant load
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reduction credit is not influenced by any increase in the sizing. The regulated
pollutant load reduction credits itemized in the BMP Design Specifications
are annual values, and compliance with the VSMP regulations are based on
annual load reductions.

As noted above, the VRRM Compliance Spreadsheet does not incorporate BMP
sizing into the Curve Number adjustment when providing the volume credit
towards quantity control requirements. If the designer wishes to use an oversized
runoff reduction and/or water quality protection practice to achieve additional
storage credit towards quantity control requirements, the calculations
demonstrating the value of that additional volume must be performed independent
of the VRRM compliance spreadsheet (such as a hydrologic or routing program).
In other words, the spreadsheet will only compute the CN adjustment based on the

July 2013

annual volume reduction credit for a properly sized BMP.

11.5.2.2 BMP Design Volume

The sizing of Runoff Reduction BMPs will either include a storage volume or a surface area or
other element that is created to accommodate the design Tvsump according to the various BMP
Design Specifications. It is important to recognize that most BMPs incorporate a surface area
design feature that, while not the primary sizing factor, is a critical design feature for ensuring
BMP performance and longevity. This combined design element is identified in column 4 of

Table 11.2.

An example of combined design elements the Bioretention specification, where the design is
focused on providing an adequate total storage volume and surface area within the practice. This
includes the storage volume elements of surface ponding volume within the soil media and
gravel layers, and the additional requirement of establishing a minimum surface area in order to
effectively manage the incoming volume and peak rate of runoff.

Table 11.2. Primary BMP Sizing, Design, and Compliance Features

Runoff
Runoff X
3 Reduction . N
Reduction Design Criteria
and/or ;
and/or include both
Pollutant
BMP Pollutant Removal Storage
Removal Credit Volume &
Credit Based Surface Area
St Based on 3
O\T; | oragle Surface Components
olume Area 2
Sheet Flow to Conservation Areas v
Sheet Flow to Vegetated Filter Strips v
Simple Disconnection v
Simple Micro-Infiltration v 4
Disconnection with Residential Rain v v
Compensatory Garden
Practices Rainwater v
Harvesting
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| Urban Planter

Bioretention
Permeable Pavement
Grass Swale
Infiltration

Rainwater Harvesting
Vegetated Roof
Filtration

Extended Detention
Stormwater Wetlands v

L Minimum design criteria for storage volume.

2 Minimum design for surface area of the practice.

3 Minimum design criteria include storage volume and surface area design features.

ASRRNRNEN
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11.5.3  Water Quality Design Tv Peak Flow Rate

The peak flow rates for the 1-year 24-hour storm and larger storms are readily computed using
accepted hydrologic methods outlined in this chapter. However, there has not been a standard
method for computing the water quality design peak flow rate. The water quality design peak
flow rate is needed for the design and sizing of pretreatment cells, level spreaders, by-pass
diversion structures, overflow riser structures, grass swales and water quality swale geometry,
etc. All require a peak rate of discharge in order to ensure non-erosive conditions and flow
capacity.

Of the hydrologic methods available, the Rational Formula is highly sensitive to the time of
concentration and rainfall intensity, and therefore should only be used with reliable Intensity-
Duration-Frequency (IDF) curves (or B, D, & E factors discussed in Section 11.3.1 on page 11-9
above) for the rainfall depth and region of interest (Claytor and Schueler, 1996). Unfortunately,
there are no IDF curves or B, D, & E factors available for the 1-inch rainfall depth. The NRCS
CN methods are very useful for characterizing complex sub-watersheds and drainage areas and
estimating the peak discharge from large storms (greater than 2 inches), but can significantly
underestimate the discharge from small storm events (Claytor and Schueler, 1996). Since the Tv
is based on a 1-inch rainfall, this underestimation of peak discharge can lead to undersized
diversion and overflow structures, resulting in a significant volume of the design 7v potentially
bypassing the runoff reduction practice. Undersized overflow structures and outlet channels can
cause erosion of the BMP conveyance features which can lead to costly and frequent
maintenance.

In order to maintain consistency and accuracy, the following Modified CN Method is
recommended to calculate the peak discharge for the 1-inch rain event. The method uses the
Small Storm Hydrology Method (Pitt, 1994) and NRCS Graphical Peak Discharge Method
(USDA, 1986) to provide an adjusted Curve Number that is more reflective of the runoff volume
from impervious areas within the drainage area. The design rainfall is a NRCS Type Il
distribution, so the method incorporates the peak rainfall intensities common in the eastern
United States. The time of concentration is computed using the method outlined in TR-55.
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The following provides a step by step procedure for calculating the Water Quality Treatment
Volume’s peak rate of discharge, qpr:

Step 1. Calculate the adjusted CN for the site or contributing drainage area.
The following equation is derived from the NRCS CN Method and is described in detail
in the Part 630 (Hydrology) of the NRCS National Engineering Handbook:

Equation 11.11 Derivation of NRCS Curve Number and Runoff Equation

1000

CN =07 5P + 100, —10(Q2 + 1.25Q.P)%5]

Where:
CN = Adjusted curve number
P =Rainfall (inches), (1.0” in Virginia)
Q. = Runoff volume (watershed inches), equal to Tv + drainage area

Note: When using a hydraulic/hydrologic model for sizing a runoff reduction
BMP or calculating the q,r,, designers must use this modified CN for the
drainage area to generate runoff equal to the 7v for the 1-inch rainfall event.

Step 2: Compute the Time of Concentration (7¢) for the site or drainage area.
Chapter 4 of the Blue Book and Chapter 3 of TR-55 (Time of Concentration and
Travel Time) provide detailed procedures for computing the Tc. The designer should
select the Tc¢ flow path that is representative of the impervious cover. .

Step 3: Calculate the Water Quality Treatment Volume’s peak discharge (qu,,)

The (qu,,) is computed using the following equation and the procedures outlined in
Chapter 4 (Graphical Peak Discharge Method) of TR-55.

Equation 11.12. Modified NRCS TR-55 Eq. 4-1
QpTv = qu X A X Qq

Where:
qpry = Treatment Volume peak discharge (cfs)
q, = unit peak discharge (cfs/mi?/in)
A =drainage area (mi?)
Q, = runoff volume (watershed inches = Tv/4)

Designers can also use WInTR-55 or an equivalent TR-55 spreadsheet to compute

(quV):
- Read the initial abstraction (/,) from TR-55 Table 4.1 or calculate it using I, =
200/CN — 2

11-32



Virginia Stormwater Management Handbook, Chapter 11 July 2013

- Compute /P (P =1.0);
- Read the Unit Peak Discharge (g.) from exhibit 4-11 using 7c and 1./P;
- Compute the (g,7,) peak discharge:

This procedure is for computing the peak flow rate for the 1-inch rainfall event. All other
calculations of peak discharge from larger storm events for the design of drainage systems,
culverts, etc., should use published CNs and computational procedures.

11.54 On-Line and Off-Line BMPs

Runoff Reduction BMPs are typically sized and designed to manage the design treatment volume
from the 1-inch rainfall event. In some cases designers may choose to manage or detain a larger
storm event in order to partially or fully meet the quantity control requirements. In all cases, the
designer must account for the conveyance of these larger storms through the BMP (the BMP is
said to be On-Line) or around the BMP (making the BMP Off-Line).

Using the water quality design 7v peak flow rate described in Section 11.5.3 above, the designer
can size a bypass control for an On-Line BMP, such that flows that exceed the design capacity
exit via an internal riser structure or weir overflow. This means that the BMP accepts all the
runoff from the contributing drainage area and the overflow is within the BMP (or main
treatment area). On-line BMPs must be carefully designed to accommodate the large storm
design peak flow rate in terms of inflow velocity and energy, as well as an adequately sized
overflow to allow the runoff to safely exit the BMP.

On-line systems in these cases will require careful design and construction to ensure adequate
conveyance of the large storm inflow.

On-line systems should include the following:
e Inflow points should be protected from erosive velocity;
e An overflow structure must be provided within the practice to pass storms greater than
the design storm storage to a stabilized conveyance or storm sewer system;
« Discharge from the overflow structure should be controlled so that velocities are non-
erosive at the outlet point;

The overflow structure type and design should be scaled to the application — this may be a
landscape grate or yard inlet for small practices or a commercial-type structure for larger
installations.

Alternately, an Off-Line BMP design uses an external diversion structure to manage the large
storm flow so the runoff in excess of the 1-inch rain event will not damage the BMP (excessive
velocity or ponding depth) or re-suspend and export previously trapped pollutants. This can be
accomplished through a low-flow diversion structure that channels the smaller storm flow
volume into the BMP, while forcing the larger flows to bypass the BMP. These types of low-
flow diversions or large storm bypass structures are external — thereby diverting the flow before
it gets to the BMP — or they can be part of the BMP inlet structure, such as a forebay or level
spreader. In some cases, off-line BMPs with a storage volume can be located so that once the
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storage volume is full, additional runoff simply diverts past or around the BMP. Figure 11.4
below illustrates a simple off-line BMP.

Off-line designs require that the designer determine the runoff peak flow rates for the range of
design storms: 1-inch rainfall depth, and 1-year, 2-year, and 10-year 24-hour storms, as needed.
Off-line designs are usually the preferred option for volume reduction BMPs, especially where
larger drainage areas (e.g., greater than 0.5 to 1 acre) are conveyed by a pipe or armored drainage
system.
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Figure 11.4. Simple Off-Line BMP
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11.6  WATER QUANTITY CONTROL

The water quantity control requirements of the VSMP regulations have evolved as described in
Section 10.1.3 of Chapter 10 of this Handbook. The VSMP regulations divide the quantity
control requirements into Channel Protection criteria and Flood Protection criteria.

With the adoption of the new VSMP regulations, there is a possibility for confusion, since there
are multiple active performance criteria and technical requirements for channel protection
currently in place, as follows:

1. Minimum Standard 19 of the Erosion and Sediment Control Regulations (9 VAC 25-840-
40.19). This criterion is currently applied statewide on all regulated land disturbing activities.

2. Stream channel erosion provisions (9 VAC 25-870-97) of Part 11.C of the VSMP regulations.
This criterion is currently applied on all regulated land disturbing activities in jurisdictions
that implement the VSMP regulations as adopted in 1999. This provision requires
compliance with either Minimum Standard 19 or an alternate 1-year 24-hour storm extended
detention standard. This standard may also apply to “grandfathered” development projects as
defined by the VSMP regulations and determined by the VSMP authority.

3. Stream channel erosion provisions of 862.1-44.15:28.4 A 7 of the VSMA and §62.1-44.15:52
A of the VESCL. This criterion was originally adopted in 2004 as a “safe harbor” for
development projects that proposed a stormwater discharge to an eroded channel. The “safe
harbor” was considered necessary to address a provision in Minimum Standard 19 that
requires that all stormwater discharges must be to an adequate channel (and an eroded
channel was considered, by definition, to be nor adequate, regardless of on-site detention or
volume reduction).

Implementation of the criterion of this “safe harbor” provision outlined below exempts the
applicant from any flow rate capacity and velocity requirements for natural or man-made
channels as defined in any regulations promulgated pursuant the Virginia SWM or ESC
laws and associated regulations.

The technical criterion of this “safe harbor” provision includes:

i)  Detain the water quality volume and release it over 48 hours;

ii) Detain and release over a 24-hour period the expected rainfall resulting from the
one year, 24-hour storm, and

iii) Reduce the allowable peak flow rate resulting from the 1.5, 2, and 10-year, 24-
hour storms o a level that is less than or equal to the peak flow rate from the
site assuming it was in a good forested condition, achieved through
multiplication of the forested peak flow rate by a reduction factor that is equal to
the runoff volume from the site when it was in a good forested condition divided
by the runoff volume from the site in its proposed condition.

This criterion provided the groundwork for the development and ultimate adoption of the

Channel Protection criteria in 9 VAC 25-870-66 of the current VSMP regulations (VSMP
Channel Protection Criteria). The intention is to eventually replace the MS-19 provisions of the
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Erosion and Sediment Control Regulations with the VSMP Channel Protection Criteria (item 2
above) in an effort to have a single technical standard for stream channel protection. It is also
expected that the “safe Harbor” provisions will be eliminated since the VSMP Channel
Protection Criteria addresses the storms that are considered to cause most of the channel erosion
without the unnecessarily large storage volumes required to address the larger and less frequent
storms.

Therefore, this section will only cover the provisions of the VSMP Channel Protection Criteria.
Information on compliance with MS-19 criterion can be found in the Chapter 5 of the Blue
Book, and the information provided here, in addition to the hydraulic calculations in Chapter 5
of the Blue Book, should be sufficient for applicants interested in implementing the “safe
harbor” criteria.

11.6.1 VSMP Channel Protection Criteria

The VSMP Channel Protection Criteria establish the requirements for discharges of stormwater
to one of three types of channels, specifically referred to as “Stormwater Conveyance Systems”
which are defined in the VSMP regulations (9 VAC 25-870-10) as a combination of drainage
components that are used to convey stormwater discharge, either within or downstream of the
land-disturbing activity as follows:

(i) "Manmade stormwater conveyance system” means a pipe, ditch, vegetated swale, or
other stormwater conveyance system constructed by man except for restored stormwater
conveyance systems;

(ii) "Natural stormwater conveyance system” means the main channel of a natural stream
and the flood-prone area adjacent to the main channel (Note: emphasis added), or

(iii) "Restored stormwater conveyance system” means a stormwater conveyance system that
has been designed and constructed using natural channel design concepts. Restored
stormwater conveyance systems include the main channel and the flood-prone area
adjacent to the main channel.

The following are excerpts from the VSMP Channel Protection Criteria (9 VAC 25-870-66 B):

1. Manmade Stormwater Conveyance System (9 VAC 25-870-66 B 1). When stormwater
from a development is discharged to a manmade stormwater conveyance system,
following the land-disturbing activity, either:

a. The Manmade Stormwater Conveyance system shall convey the post-development
peak flow rate from the two-year 24-hour storm event without causing erosion of the
system. Detention of stormwater or downstream improvements may be incorporated
into the approved land-disturbing activity to meet this criterion, at the discretion of
the stormwater program administrative authority; or

b. The peak discharge requirements for concentrated stormwater flow to natural
stormwater conveyance systems in subsection 3 (Natural Stormwater Conveyance
Systems) shall be met.
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Subdivision (a) indicates that a stormwater detention system may be incorporated into the site
design such that the outflow does not cause erosion of the system. A manmade conveyance
system can consist of various channel lining materials that will have different maximum
allowable velocities: grass, grass with permanent stabilization matting, rip rap, or other material.
The VESCH (latest edition) provides information on the allowable velocity for various natural
materials. The designer should refer to manufacturer specifications for manufactured permanent
or temporary stabilization products.

NOTE: Temporary stabilization products are intended to temporarily support the
soil and vegetative growth until full stabilization is achieved. However, the design
must address the occurrence of erosive peak flows prior to the establishment of
the vegetation.

Subsection (b) refers to a new version of a “safe harbor”, meaning the designer can choose to
implement the criteria required in item 3 of this section and that is deemed adequate to meet the
criteria for any downstream conveyance system.

2. Restored Stormwater Conveyance Systems (9 VAC 25-870-66 B 2). When stormwater
from a development is discharged to a restored stormwater conveyance system that has
been restored using natural design concepts, following the land-disturbing activity,
either:

a. The development shall be consistent, in combination with other stormwater runoff,
with the design parameters of the restored stormwater conveyance system that is
functioning in accordance with the design objectives; or

b. The peak discharge requirements for concentrated stormwater flow to natural
stormwater conveyance systems in subsection 3 shall be met.

This standard requires that the designer verify that the restored stormwater conveyance system
was designed to accommodate the stormwater discharge from the subject development, as well
as “other stormwater runoff”, meaning the discharges from other new or existing developments.
The primary goal is to ensure that the restored stormwater conveyance system is adequate and
will not be impacted by the new stormwater discharge.

Similar to subsection 1, a stormwater detention system may be incorporated into the site design
so that the outflow does not exceed the design capacity of the restored system for the designated
design storms. Also similar to subsection 1, the safe harbor provision of compliance with criteria
of subsection 3 is available if the discharge is not consistent with the design parameters of the
restored system.

3. Natural Stormwater Conveyance Systems (9 VAC 25-870-66 B 3). When stormwater
from a development is discharged to a natural stormwater conveyance system, the
maximum peak flow rate from the one-year 24-hour storm following the land-disturbing
activity shall be calculated either:

a. In accordance with the following methodology:

QDeveloped < LF. * ( QPre—developed * RVP}'e—Developed)/R VDeveloped
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Under no condition shall Qpeveiopea be greater than Qpre-peveloped N0 Shall Qpeveioped be
required to be less than that calculated in the equation (QForest * RVForest)/RV Deveiopeds

Where:

LF. (Improvement Factor) equals 0.8 for sites > I acre or 0.9 for sites < I acre.

Obeveloped = allowable peak flow rate of runoff from the developed site.

RVpeveloped = volume of runoff from the site in the developed condition.

Opre-Developed = peak flow rate of runoff from the site in the pre-developed
condition.

RVpre-peveiopeda = volume of runoff from the site in pre-developed condition.

OForest = peak flow rate of runoff from the site in a forested condition.

RVForest = volume of runoff from the site in a forested condition; or

b. In accordance with another methodology that is demonstrated by the VSMP Authority
to achieve equivalent results and is approved by the board.

The criterion for this subsection has been referred to as the “Energy Balance” method. While
technically not “energy”, the use of the peak discharge (Qpeveioped) @and the volume (RVpeveioped) Of
the post-development runoff attempts to address the impact of the increased erosive energy of the
stormwater runoff caused by the increase in peak discharge and volume of runoff. [The increased
volume of runoff released from the development site results in a longer duration of discharge.
Incorporating the time function associated with the increased volume more accurately reflects the
“power” of the runoff discharging from the site in its developed condition, rather than energy
(WSSI 2011b)]. This also establishes the framework for incorporating the volume reduction
credit applied to the water quality 7v.

Figure 11.5 represents the theoretical discharge hydrographs in the post-development condition,
as provided to the VSMP regulation Regulatory Advisory Panel (RAP). The Post-development
Conventional SWM peak rate of discharge has been throttled down with a detention facility to
replicate the peak discharge of the pre-development condition; however, the volume of runoff
(the area under the runoff curve) is significantly greater than that of the pre-development
condition. Thus the product of the peak rate and the volume is greater than that of the pre-
development condition. The Post-development Energy Balance discharge hydrograph reflects a
significantly reduced peak discharge to compensate for the increased volume. As such, the basis
of the Energy Balance is to achieve the goal of the post-development “energy” being equal to (or
less than) the pre-development energy. The “energy” for the purposes of the VSMP regulation is
defined as the peak flow rate multiplied by the volume of runoff. The “energy balance” of the
pre- and post-development condition is defined as follows:
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Figure 11.5. Theoretical Runoff and Discharge Hydrographs (Source: WSSI| 2011b)

Equation 11.13. “Energy” Balance of Pre- and Post-Development Runoff Conditions

Developed Condition Runoff (Peak Flow Rate * Volume) <
Pre-Developed Condition Runoff (Peak Flow Rate * Volume)

Rearranging Equation 11.13 to solve for the allowable Developed Condition Runoff Peak Flow
Rate yields a reduction in the developed peak flow rate that is inversely proportional to the
increase in runoff volume (Equation 11.14 below).

In order to facilitate the NRCS CN computational methods, the terminology of the Energy
Balance Method as expressed in Item 3 above (9 VAC 25-870-66.B.3) must be reviewed.

NOTE: Terminology Alert #6 — Section 11.3.4 of this chapter identifies some of
the terms that should be used with caution so as to not misrepresent any of the
hydrologic parameters. This warning expands that caution to include the
terminology of the VSMP Channel Protection Criteria. The term Q for the pre-
and post-development conditions as defined in 9 VAC 25-870-66 B 3 is
inconsistent with the traditional nomenclature of the NRCS Runoff Equation. All
the related values are summarized in Table 11.3 below. Unfortunately, the
various computational methods use similar (and in some cases identical) terms to
represent very different parameters. Designers should be very careful to ensure
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the proper value (and corresponding unit) are being used for each designated

parameter.

Table 11.3. Hydrology Terminology
Description Units | Term

NRCS TR-55
Runoff Depth inches (in) Q
Runoff Volume cubic feet (ft3) or acre feet (ac.ft.) Vr
Storage Volume cubic feet (ft®) or acre feet (ac.ft.) Vs
Peak Discharge cubic feet per second (cfs) v
VRRM Treatment Volume Runoff Coefficients

Unit-less Volumetric Rv
Runoff Coefficients

VRRM Curve Number Adjustment
Runoff Depth | inches | RV

VSMP Regulations Channel Protection Criteria (4VAC50-60-66.B)

Runoff Volume* | cubic feet (ft®) or acre feet (ac.ft.)* | RV

*Units of volume in the VSMP regulations Channel Protection Criteria can also be
expressed in terms of watershed-inches or inches (consistent with Runoff Depth as
expressed in the VRRM CN adjustment.

The VSMP regulation Channel Protection Criteria (or Energy Balance Method) defined in 4 9
VAC 25-870-66 B 3 and as expressed in narrative terms in Equation 11.13 above is re-defined
in Equation 11.14 below, using the terminology of the NRCS TR-55 Runoff Equation as
provided in Table 11.3, in order to maintain consistency with the traditional hydrologic
nomenclature.

Another modification is the simplification of the Energy Balance Method term for the runoff
volume. The ratio of the pre- and post-development condition runoff volume is more readily
expressed as the ratio of pre- and post-development runoff depth. Both terms yield the same
ratio, however the use of the runoff depth (this value is represented by Q in the NRCS
terminology, and RV in the VRRM) greatly simplifies the computation and also facilitates the
Curve Number adjustment: the term for the runoff depth, Q (or RV), measured in inches, is a
readily determined parameter in computing the TR-55 Graphical Peak Discharge, gp. The Runoff
Depth, Q, (or RV) is a function of rainfall and the drainage area CN, and can be determined using
the NRCS Runoff Equation (Equation 11.3 and TR-55 Equation 2-1), or read from the tables in
Appendix 11-C of this Chapter, or read graphically from Figure 11-C.1 (TR-55 2-1). Equation
11.14 reflects this change, and the definitions of the terms reflect the use of runoff depth rather
than volume.

Equation 11.14. VSMP Channel Protection Criteria:
Energy Balance Method with NRCS Terminology

QpDeveloped < LF. % (QpPre—Developed * QPre—Developed)/QDeveloped

Or rewritten:
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queveloped < LF. * (CIpPre—Developed * RVPre—Developed)/RVDeveloped

Where:
LF. (Improvement Factor) = 0.8 for sites > 1 acre or 0.9 for sites < 1 acre.
dpDpeveloped = allowable peak flow rate of runoff from the developed site (cfs).

Qppre—Developeda— Peak flow rate of runoff pre-developed condition (cfs).
Qpre-pevetoped = RVpre—pevelopea= developed condition runoff depth (inches).
Qpeveloped = RVpevelopea = developed condition runoff depth (inches).

NOTE: The term qppevelopea IN Equation 11.14 could be more accurately

expressed as gparowanle SiNCE it represents the allowable peak discharge from
the developed site, and not the peak discharge into a proposed BMP.

The addition of an improvement factor (1.F.) in the VSMP Channel Protection Criteria is
based on the statutory requirement that the VSMP regulations “improve upon the
contributing share of the existing predevelopment runoff characteristics and site
hydrology if stream channel erosion or localized flooding is an existing predevelopment
condition. (8 62.1-44.15:28.4 A 7, Code of Virginia). The improvement factor value of
0.8 for sites > 1 acre or 0.9 for sites < 1 acre is established by the VSMP regulation.

11.6.2. VSMP Channel Protection Criteria: Allowable Peak Discharge
Computations

The design storm for the VSMP Channel Protection Criteria is either the 2-year 24-hour design
storm (for manmade stormwater conveyance system) or the 1-year 24-hour design storm (for
discharge to a natural stormwater conveyance system. The design storm for the VSMP Channel
Protection Criteria for restored stormwater conveyance systems will vary based on the design of
the restored system. The hydrologic computations for determining the pre- and post-developed
peak discharges for the various design storms, using the NRCS methods, are outlined Sections 4-
4.3 and 4-4.4 of Chapter 4 in the Blue Book. The following steps represent the procedure for
applying the VSMP Channel Protection Criteria for the discharge of stormwater to a natural
stormwater conveyance system (the 1-year 24-hour design storm) and will reference the Blue
Book for certain hydrologic details rather than repeating them here.

The hydrology for the example development site in Section 13.1 of Chapter 13 will be used
here to illustrate the Energy Balance computations.

Step 1: Pre- and Post Development Hydrology
Develop the basic hydrologic parameters for the Drainage Areas for both the pre- and
post-development conditions. The VSMP regulation Water Quantity requirements are

applied at each point of stormwater discharge from the site. So while the hydrology will
be established for the entire site for water quality purposes, the designer must address
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water quantity requirements for each point of discharge. For this example, the Pre- and
Post-development condition for Drainage Area A is analyzed as follows:

e The development of the CN and T¢ are covered in detail in NRCS TR-55 and Section
4.4.3 of Chapter 4 of the Blue Book.

e The development of the Graphical Peak Discharge is described in detail in TR-55 and
Section 4.4.4 of Chapter 4 of the Blue Book.

Step 2: Pre- and Post-Development Runoff Volume

The Pre- and Post-Development values for Qi in Table 11.4 are substituted into
Equation 11.14 above for Qpre—pevetopea @A Qpost—pevelopea resPectively, along
with the Improvement Factor (I.F. = 0.8) as follows:

Table 11.4. Site Hydrology: Drainage Area A

Rainfall Depths: 1-year 24-hour storm: 2.66”; 10-year 24-hour storm: 4.93”
Pre-Developed DA A
. Area Tc Q1 Jp1 Q1o Jp10
Land Use Condition | HSG (ac) CN (hrs) (in) (cfs) (in) (cfs)
Meadow Good B 2.05 58
Meadow Good c 1.38 71
Woods Good c 0.50 70
Total | 3.93 64 0.35 0.33 0.9 1.54 6.1
Post-Developed DA A
. Area Tc Q1 Jp1 Q1o Jp10
Land Use Condition | HSG (ac) CN (hrs) (in) (cfs) (in) (cfs)
Open Good B | 205 | 61
Space
Open Good c | 050 | 74
Space
Impervious C 0.88 98
Woods Good c 0.50 70
Total | 3.93 72 0.21 0.61 2.9 2.15 11.0

Equation 11.15. Energy Balance Method with NRCS Terminology — Solved for qyaiiowabte

QpAllowable < LF. * (CIpPre—Developed * QPre—Developed)/QDeveloped

Note that the term for gy a110wanie has been substituted for q,peveropea-

Apatlowable < 08 * (QpPre—Developed * 0-33")/0-61"

QpAllowable < 043 =x (QpPre—Developed)
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Step 3: Allowable Post-Development Peak Discharge

If the pre-development peak discharge for the 1-year 24 hour storm has not been
calculated yet, that needs to be done next. Table 11.4 conveniently provides both the pre-
and post-development values, so the post development allowable peak discharge can now
be computed by inserting the value for q,pre—pevetopea Nt the equation developed in
Step 2 above.

qullowable < 043 =x (0-9 CfS)

Qpallawable < 0.4 cfs

The 1-year post-development allowable peak discharge of 2.9 cfs (from Table 11.4) must
be reduced to 0.4 cfs. This reduction does not reflect the incorporation of any runoff
reduction credits achieved in compliance with the water quality criteria (i.e.,
through BMPs). The implementation of runoff reduction practices will reduce the

developed condition runoff depth Qpeyeropea » Which will serve to increase the

calculated gparowanie-

Step 4: Determine the Minimum Peak Discharge
The VSMP Channel Protection Criteria (9 VAC 25-870-66 B 3 a) stipulates that:

e Under no condition shall the allowable developed condition discharge be greater than
the pre-development discharge, and

e The allowable developed condition discharge shall not be required to be less than that
of the pre-development condition reduced by the ratio of a forested condition to the

Developed condition: (QpForest * QForest)/QDeveloped

The greater of the allowable discharges calculated in Step 3 and Step 4 above will govern as
the developed condition allowable peak discharge.

11.6.3  Curve Number Adjustment for Large Storm Controls

An important element of the VRRM is the capability of the volume reduction practices to reduce
the volume of runoff. In principle, when runoff reduction practices are used to capture and retain
or infiltrate runoff, downstream stormwater management practices should not have to detain,
retain or otherwise treat the volume that is removed. In other words, the volume of runoff
reduction provided should be subtracted from the volume calculated by stormwater runoff peak
flow computations. The challenge lies in how to accurately credit the annual volume reduction in
the single-event computation of the peak rate of runoff from larger storms.

Peak flow rate reduction for single-event runoff and hydraulic routing models is accomplished

by accounting for BMP stage-storage-discharge relationships. This computational procedure is
outlined in detail in Chapter 5 of the Blue Book. Many of the BMPs used in the Runoff
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Reduction Method provide some amount of storage volume, and designers can apply basic
hydraulic routing relationships to model the detention or retention of the runoff volume with
respect to time. However, the response characteristics of many runoff reduction practices may
not follow the traditional detention/retention design parameters. Routing of runoff reduction
BMPs can be a difficult and complex task, given all the hydrologic and hydraulic variables
associated with volume reduction, such as evapotranspiration, storage within the soil media,
infiltration, and extended filtration.

Several methods for manipulating the post-development condition runoff hydrograph were
considered: Truncated Hydrograph, Hydrograph Scalar, Multiplication, Precipitation Adjustment
(subtract retention from rainfall), Runoff Adjustment (subtract retention from runoff), and CN
adjustment. (Koch, 2005) The Runoff Reduction Method uses the CN adjustment as a simple and
conservative method for crediting specific runoff reduction values toward peak flow reduction.
The method converts the total annual runoff reduction credit from all the BMPs in the drainage
area from cubic feet (or acre-feet) to watershed-inches of retention storage, and then uses the
NRCS TR-55 runoff equations 2-1 through 2-4 provided in Urban Hydrology for Small
Watersheds (USDA 1986) to derive a Curve Number adjustment that reflects the reduced runoff
depth. This new CN can then be used for computing the large storm peak discharge from the
drainage area for determining the storage volume needed for downstream channel or flood
protection requirements.

A simplified derivation of the computational procedure starts with the combined NRCS TR-55
Runoff Equations 2-1 through 2-4 in order to express the runoff depth in terms of rainfall and
potential maximum retention. In addition, the potential maximum retention, S, is related to soil
and cover conditions of the watershed through the CN, as described by Equations 11.3 through
11.6 (TR-55 Eq. 2-1 thru 2-4), repeated here for purposes of this Section.

Equation 11.3 NRCS Runoff Equation, Q [TR55 Eq. 2-1]
_ (P - Ia)z
(P - a) +S
Equation 11.4 NRCS Runoff Equation, la [TR55 Eq. 2-2]
I,=02S
Equation 11.5 Modified NRCS Runoff Equation [TR55 Eq. 2-3]
(P — 0.25)2
~ (P +0.89)

Equation 11.6 NRCS Runoff Equation: S [TR55 Eq. 2-4]

_ 1000

~ CN
Where:
O = runoff depth (in),
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P =rainfall depth (in),

I, = Initial abstraction (in),

S = potential maximum retention after runoff begins (in),
CN = Curve Number

The retention storage depth equivalent to the Runoff Reduction values assigned by the Runoff
Reduction Method, and any additional retention storage provided on the site (expressed in terms
of retention storage R, inches) is subtracted from the total runoff depth associated with the CN
for the developed condition, which then will provide for a new value of S (Modified Equation 2-
3). A new CN is then back-calculated from the new value of S using Equation 2-4 (Koch, 2005).

While it is not easy to predict the absolute runoff hydrograph modification provided by reducing
stormwater runoff volumes, it is clear that reducing runoff volumes will have an impact on the
runoff hydrograph of a development site. Simple routing exercises verify that this Curve Number
adjustment approach represents a conservative estimate of peak reduction.

It is important to note that the Curve Number adjustment associated with the retention of one
watershed-inch of runoff volume will decrease as the rainfall depth increases (meaning 1-inch of
volume reduction has less of an impact on a 5-inch rain event than it will on a 2-inch rain event).
Therefore, the CN adjustment must be computed for each design storm depth. This Curve
Number adjustment procedure is simplified for designers in the VRRM Compliance Spreadsheet
on the Channel and Flood Protection tab.

Equation 11.16: Modified Equation 11.3 NRCS Runoff Equation, Q
[TR55 Eq. 2-1] for Retention Storage

_(P—0.29)?

¢ (P + 0.85)

Where:

O = runoff depth (in),

R = Retention Storage

P =rainfall depth (in),

S = potential maximum retention after runoff begins (in),
CN = Curve Number

Continuing the Channel Protection Criteria computations from above, the designer should have
already developed the BMP implementation strategy for the drainage area in order to move on to
the CN adjustment. This design continues to develop Drainage Area A from Section 11.6.2
above, referring to Example 13.1 of Chapter 13 of this Handbook.

Step 5: Retention VVolume Provided in Runoff Reduction BMPs.
This example, detailed in Section 13.1 of Chapter 13, includes a combination of

practices: a Vegetated Filter Strip, Permeable Pavement Level 1, and Bioretention Level
2. The total volume of runoff reduction credited in this drainage area is 2,631 ft* and is
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displayed in the VRRM Compliance Spreadsheet in the DA A tab, cell 177, and in the
Channel and Flood Protection tab, cell C6.

Step 6: Curve Number Reduction

The Channel and Flood Protection tab displays the Weighted CN for the drainage area in
cell G35 based on the standard CN definitions for Forest/Open Space (assumed to be
consistent with TR-55’s woods — even if the land cover is meadow or other land cover
protected as open space), Managed Turf, and Impervious Cover-.

For this example, before considering any runoff reduction, the weighted CN = 72, which is the
same as the TR-55 CN as provided in Table 11.4 above.

Table 11.5 below provides the runoff depth in inches, with and without Runoff Reduction,
derived from the Channel and Flood Protection tab of the VRRM Compliance Spreadsheet.

Table 11.5. Curve Number Adjustment from the VRRM Compliance
Spreadsheet Channel and Flood Protection Tab

1l-year storm | 2-year storm | 10-year storm

RVpeveloped (iN) With no Runoff Reduction 0.61 0.94 2.14
RVpeveloped (in) with Runoff Reduction 0.43 0.76 1.96
Adjusted CN 67 68 70

NOTE: Terminology Alert #7 — The VRRM Compliance Spreadsheet calculates
the CN adjustment in the Channel and Flood Protection tab using the Runoff
Depth, RV, in units of inches, which is the same parameter as the TR-55 Runoff
Depth, Q, in inches.

The computational procedure mimics Equations 11.3 through 11.6, and can be computed
graphically by using Figure 11.6 below with a rainfall depth P = 2.66 inches, and a Direct
Runoff Depth, Q (or in the VRRM terminology, RV) = 0.41 inches. The intersection of the two
values corresponds to a CN of 67. The use of Figure 11.6 may lead to some error in the scale and
accuracy of plotting the values of rainfall and runoff, and reading the CN, so the designer may
elect to simply use the Channel and Flood Protection tab of the VRRM Compliance Spreadsheet.
Likewise, there will be situations where a computed value for the RV or other values in the
spreadsheet may vary slightly due to rounding or interpolation. The VRRM Spreadsheet selects
nearest values when solving for S and back-calculating the adjusted CN.

Step 7: Re-compute the developed peak discharge for the 1-year 24-hour storm (q,1peveiopea)-

The designer should refer to Section 4.4.4 of Chapter 4 of the Blue Book (or TR-55) for
guidance on calculating the peak discharge: Rainfall depth = 2.66 inches, 7c = 0.21
hours; and a CN = 67.
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Direct runoff (Q ) in inches

The new Peak Discharge is computed as 1.6 cfs. Therefore, the application of runoff
reduction practices resulted in a runoff reduction credit of 2,631 ft3, a CN reduction from
72 to 67 for the 1-year 24-hour rainfall, and a corresponding reduction in the 1-year peak
discharge from 2.9 cfs to 1.6 cfs. These values are summarized in Table 11.6.

Table 11.6. Updated Site Hydrology for Drainage Area A, Developed Condition

CN qp1 (cfs) RV, (inches)
Pre-Developed 64 0.9 0.33
Developed 72 2.9 0.62
Developed with Runoff
Reduction (RR) 67 1.6 0.42
]
Rainfall (") ’ (P12 SRReTERAES ARl
Runoff (@) VFL8 TSR
i "_.% {'urves on this sheet are for the
case I=0.25, so that
r (P-0.259
R Initial riauae:
abstraction I Infilteation =
Curve N

b

CN =67

i

7L

0 1 2 3 4 5] 6 T ] t] 10 11 12
Rainfall (P) in inches

Figure 11.6. Solution of Runoff Equation (TR55, Figure 2-1)

Step 8: Calculate the Adjusted Allowable Peak Discharge (repeat of Steps 2 and 3 above
with the new Site Hydrology using Equation 11.15: Energy Balance Method with NRCS
Terminology — Solved for qpanowante:

QplAllowable < LF. % (QplPre—Developed * RVlPre—Developed)/vaDevelopedwRR

Ap1atiowapie = 0.8 *(0.9%0.33")/0.43"
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dp1allowable < 0.6 cfs

NOTE: The value for Qpre—_pevelopea IN Equation 11.14 is replaced with the
equivalent VRRM terminology: RVj.

Note that the allowable peak discharge has increased, thereby reducing the required
storage volume.

11.6.4  Storage Volume Computations

Several different options are available to the designer for calculating the storage volume required
to reduce the developed peak discharge down to the allowable peak discharge. Chapter 5 of the
Blue Book discusses four different computational tools:

Graphical Hydrograph Analysis;

TR-55 Storage Volume for Detention Basins (Shortcut Method);
Modified Rational Method Critical Storm Duration; and

Modified Rational Method Critical Storm Duration, Direct Solution

The Modified Rational Method Critical Storm Duration, Direct Solution will require updated A,
B Constants in order to solve for the storm that requires the greatest storage volume, and the
Modified Rational Method Critical Storm Duration and the Graphical Hydrograph Analysis are
not very practical without supporting computer software to simplify the computational process.
Therefore, this Chapter will address the computational procedure using the TR-55 Storage
Volume for Detention Basins (Shortcut Method), covered in Section 5-4.2 of Chapter 5 of the
Blue Book. (This procedure is also available in various computer program formats.)

Step 9: Calculate the Storage Volume required to achieve the allowable peak discharge with
runoff reduction credits:

The information required for the TR-55 Short cut method from Table 11.6 and Equation
11.15 above:

dp1Allowable = 0.6 cfs

piDeveloped — 1.6 cfs

QlDeveIOped = RV, =0.43 inches

Using Figure 11.7 below and the ratio of the allowable peak discharge to the peak
inflow:

q _(0.6cfs -
(qo/ql-) or ( p1Auowable/CIp1Developed) - ( /1.6 CfS) =0.38
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Figure 11.7. TR55 Detention Basin Routing (USDA 1986)

Read the ratio of the volume of storage to the volume of runoff from Figure 11.7:
Vs/,. =033

Solve for Vs: Vs = Vr * (VS/VT)

Where:
Vs = volume of storage required
Vr = developed condition runoff depth, in watershed-inches, expressed as Q or in
the VRRM as RV (step 9 above) = 0.43 watershed-inches

Vs/,,.=0.33 from Figure 11.7
Vs =Vr x0.33 = 0.43 * 0.33 = 0.14 watershed inches
0.14 watershed inches * 3.93 ac * (3,630 ft*/ac-in) = 1,997 ft3 of storage required.

The benefits of using runoff reduction practices can be demonstrated by calculating the storage
that would be required without any runoff reduction credits and comparing the result.

Repeat Step 9 above with the following values:
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Step 9: Calculate the Storage Volume required to achieve the allowable peak discharge without
runoff reduction credits:

dp1atiowable = 0.4 cfs (Steps 2 and 3 — no runoff reduction)
dp1iDeveloped = 2.9 cfs (Table 11.6)
Q1pevelopea = RV; =0.62 inches (Table 11.6)

Using Figure 11.7 and the ratio of the allowable discharge out to the discharge in:

q _(0.4cfs _
(qo/ql-) or ( p1Auowable/CIp1Developed) - ( /2.9 CfS) =0.14

From Figure 11.7: VS/,, = 051

Solve for Vs: Vs = Vr « (V$/,.) = Vr» 0.51 = 0.62 * 0.51 = 0.32 watershed-inches

0.32 watershed inches * 3.93 ac * (3,630 ft*/ac-in) = 4,565 ft° of storage required.

The implementation of Runoff Reduction Practices can significantly reduce the total storage
volume required to achieve the allowable release rate for the VSMP Channel Protection Criteria.
In this example, the channel protection storage requirement was reduced from 4,565 ft3 to 1,997
ft3 (more than a 50% reduction). The VRRM provides a double reduction as an incentive to
reduce the developed condition runoff volume and more closely replicate the site’s pre-
development hydrologic response, as follows:

1. The VSMP Channel Protection “Energy Balance” criteria allows an increase in the
dp1atiowable (@PProaching the qp1pre-peveiopea): S the developed condition runoff volume is
decreased by runoff reduction practices, more closely replicating the pre-development runoff
volume; and

2. The VRRM CN Adjustment reduces the developed condition peak discharge (g,1peveiopea)-

Considering the example above, it is conceivable that the retention storage provided in the runoff
reduction BMPs listed in Step 5 and discussed in Section 13.1 of Chapter 13 can be increased to
provide the additional 1,997 ft® of storage, along with a hydraulic control structure (if needed) to
ensure that the peak rate of discharge is not exceeded, thereby eliminating the need for a separate
runoff quantity control detention facility.
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11.6.5 VSMP Flood Protection Criteria

The same calculation procedures can be used to credit the retention storage towards the VSMP
Quantity Control requirements (9 VAC 25-870-66 C Water Quantity). The relative influence of
the retention storage towards adjusting the CN and the reducing the developed condition peak
discharge (g,10) decreases as the depth of rainfall increases. The 1-year 24-hour storm CN
adjustment (from a CN of 72 to a CN of 67) is reduced for the 10-year 24-hour storm to a CN of
70.

However, the Flood Control criterion allows the designer to establish the required peak flow rate
based on the capacity of the conveyance system, or based on the pre-development condition for
those systems that experience flooding, and therefore may not need a significant reduction:

9 VAC 25-870-66 C. Water quantity

C. Flood protection. Concentrated stormwater flow shall be released into a stormwater
conveyance system and shall meet one of the following criteria as demonstrated by use of
acceptable hydrologic and hydraulic methodologies:

1. Concentrated stormwater flow to stormwater conveyance systems that currently do not
experience localized flooding during the 10-year 24-hour storm event: The point of
discharge releases stormwater into a stormwater conveyance system that, following
the land-disturbing activity, confines the postdevelopment peak flow rate from the 10-
year 24-hour storm event within the stormwater conveyance system. Detention of
stormwater or downstream improvements may be incorporated into the approved
land-disturbing activity to meet this criterion, at the discretion of the stormwater
program administrative authority.

2. Concentrated stormwater flow to stormwater conveyance systems that currently
experience localized flooding during the 10-year 24-hour storm event: The point of
discharge either:

a. Confines the postdevelopment peak flow rate from the 10-year 24-hour storm event
within the stormwater conveyance system to avoid the localized flooding.
Detention of stormwater or downstream improvements may be incorporated into
the approved land-disturbing activity to meet this criterion, at the discretion of
the stormwater program administrative authority,; or

b. Releases a postdevelopment peak flow rate for the 10-year 24-hour storm event
that is less than the predevelopment peak flow rate from the 10-year 24-hour
storm event. Downstream stormwater conveyance systems do not require any
additional analysis to show compliance with flood protection criteria is this
option is utilized.

The pre-development and developed design storm runoff depth (Q, or RV), in inches, and peak
discharge (g,10), in cfs, is calculated using the same method as described for Channel Protection
in this Chapter, and in Chapters 4 and 5 of the Blue Book. The retention volume credit from the
implementation of runoff reduction practices can be solved graphically or by reading the new CN
from the Channel and Flood Protection tab of the VRRM Compliance Spreadsheet.
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11.6.6  Limits of Analysis

Similar to the previous stormwater regulations, the VSMP Quantity Control criteria includes
provisions that establish how far downstream the designer must analyze the stormwater
conveyance system to demonstrate compliance. For the VSMP Channel Protection Criteria (9
VAC 25-870-66 B 4):

e |f the VSMP Channel Protection criteria for Natural Stormwater Conveyance Systems 1S
used, there is no requirement for a downstream analysis;
e |f the VSMP Channel Protection criteria for Manmade or Restored Stormwater Conveyance
Systems is used, then the stormwater conveyance systems shall be analyzed for compliance to
a location that:
o0 Based on land area, the point of discharge contributing drainage area is less than or equal
to 1.0% of the total watershed area [draining to that point]; or
0 Based on peak flow rate, the peak flow rate from the one-year 24-hour storm at the point
of discharge is less than or equal to 1.0% of the existing peak flow rate from the one-year
24-hour storm prior to the implementation of any stormwater quantity control measures.

The VSMP Flood Protection criterion (9 VAC 25-870-66 C 3) similarly establishes a limit of

analysis when determining capacity of the stormwater conveyance system for the 10-year storm.

e If the point of discharge complies with the criteria for releasing the developed 10-year 24-
hour storm peak discharge at below the pre-development rate, then no downstream analysis is
required.

e If the point of discharge of the 10-year 24-hour storm is proposed to be contained within the
stormwater conveyance system, then an analysis of the system to ensure the discharge stays
within the system must be conducted to a point where:

0 The site's contributing drainage area is less than or equal to 1.0% of the total watershed
area draining to a point of analysis in the downstream stormwater conveyance system;

o0 Based on peak flow rate, the site's peak flow rate from the 10-year 24-hour storm event is
less than or equal to 1.0% of the existing peak flow rate from the 10-year 24-hour storm
event prior to the implementation of any stormwater quantity control measures; or

0 The stormwater conveyance system enters a mapped floodplain or other flood prone area,
adopted by ordinance, of any VSMP Authority.

11.7 DEVELOPMENT ON PRIOR DEVELOPED LAND

The stormwater quality requirements for development on prior developed land are defined in 9
VAC 25-870-63 (Water Quality Design Criteria Requirements), discussed in Chapter 5, and
outlined below. The required load reduction is a percent reduction rather than a pollutant load
calculated based on the existing developed condition. In addition, within the redeveloped site,
any increase of impervious cover (if any) must be considered as new development and therefore
requires a load reduction comparable to that of new development for the acreage of new
impervious (0.41 Ib/ac). Therefore, the required load reduction for redevelopment is the total
load reduction computed for the two conditions: the redeveloped site plus the new impervious
cover on the site.
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The requirements for water quantity as outlined in 9 VAC 25-870-66 (Water Quantity) do not
distinguish the difference between new and re-development. Rather, the channel and flood
protection requirements are defined by the downstream stormwater conveyance system. These
stormwater quantity requirements are applied to the development project regardless of the status
as new development or redevelopment, and are discussed below and covered in detail in Section
11.6 of this Chapter.

11.7.1 Water Quality Criteria for Development on Prior Developed Land

For the purposes of the stormwater criteria, prior developed land is defined as land that has been
previously utilized for residential, commercial, industrial, institutional, recreation, transportation
or utility facilities or structures. Therefore, any land disturbing activity on a site that meets this
definition must comply with the requirements of 9 VAC 25-870-63 A 2, as follows:

2. Development on prior developed lands.

a. For land-disturbing activities disturbing greater than or equal to one acre that result in
no net increase in impervious cover from the predevelopment condition, the total
phosphorus load shall be reduced at least 20% below the predevelopment total
phosphorus load.

b. For regulated land-disturbing activities disturbing less than one acre that result in no net
increase in impervious cover from the predevelopment condition, the total phosphorus
load shall be reduced at least 10% below the predevelopment total phosphorus load.

c. For land-disturbing activities that result in a net increase in impervious cover over the
predevelopment condition, the design criteria for new development shall be applied to the
increased impervious area. Depending on the area of disturbance, the criteria of
subdivisions a or b above, shall be applied to the remainder of the site.

d. In lieu of subdivision c, the total phosphorus load of a linear development project
occurring on prior developed lands shall be reduced 20% below the predevelopment total
phosphorus load.

e. The total phosphorus load shall not be required to be reduced to below the applicable
standard for new development unless a more stringent standard has been established by
a local stormwater management program locality.

The same principles outlined in Section 11.4 of this chapter for computing the pollutant load (for
both the pre-development and post-development condition) apply to the compliance
computations for development on prior developed land. The difference in the computations will
be in determining the pollutant load reduction requirement based on the disturbance thresholds
and the amount of additional impervious cover (if any), as outlined above. The following section
provides a description of the steps for computing the load reduction requirement, while Chapter
12 outlines the procedures for using the VRRM Compliance Spreadsheet for Development on
Prior Developed Lands.

NOTE: For simplicity, the term Redevelopment will be used for Development on
Prior Developed Land. Likewise, the term VRRM Redevelopment Compliance
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Spreadsheet will be used to refer to the VRRM Compliance Spreadsheet for
Development on Prior Developed Lands.

The general procedure for computing the load reduction requirement on redevelopment projects
is applied to 2 general categories of redevelopment:

1. Redevelopment sites that do not result in net increase in impervious cover in the post-
development (or post-redevelopment) land cover; and

2. Redevelopment sites that do result in a net increase in impervious cover in the post-
development (or post-redevelopment) land cover.

A third category of project is linear development occurring on prior developed lands. In order for
a development project to be subject to a load reduction requirement there must be a change in the
land cover from the pre- to post-development (or post-redevelopment) condition (Table 11.1), or
other hydrologic change such as grading or drainage infrastructure improvements. Linear
development as defined in the VSMP Regulations can include a variety of activities that are
linear in nature but may not necessarily reflect a land cover change, i.e., above and below ground
utility installation. Therefore, it is important to consider the definitions of the land cover
categories of Table 11.1 in order to verify if a change occurs, or if a management practice can be
used to offset the change. Detailed definitions and management practices applicable to the
different land cover designations are provided in Table 12.1 of Chapter 12.

The most common type of linear development that will require a load reduction is the
construction of transportation infrastructure. Linear roadway projects that construct additional
traffic lanes, new turn lanes or intersection improvements in urban areas, etc., are redevelopment
projects that clearly include a net increase in impervious cover. However, the VSMP Regulations
specifically require that these projects achieve a 20% load reduction below the predevelopment
condition; the criterion for new development (the site-based load limit) is not applied to the new
impervious cover.

Another important distinction for linear transportation projects is that of pavement maintenance,
i.e., milling and repaving or otherwise maintaining the roadway surface and right of way. These
activities maintain the original grade, alignment, and footprint of impervious cover and are
generally considered maintenance and not subject to the stormwater management requirements.

11.7.1.1 Redevelopment Sites that Do Not Increase Impervious Cover

The first procedure described here is for the sites that do not result in a net increase in
impervious cover. In general this scenario requires a load reduction such that the post-
development load is either 10 or 20% lower (depending on the acreage of land disturbance; see
Subdivision 2-a or 2-b of 9 VAC 25-870-63 A) than the load from the land cover of the original
site.

Step 1: Resource Mapping (see Chapter 6) and Environmental Site Assessment

The Resource Mapping and Environmental Site Assessment will ideally identify the
available locations for runoff reduction and/or pollutant removal practices on redevelopment
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projects within the existing and proposed site infrastructure prior to establishing a final
design and grading plan. At urban and ultra-urban redevelopment sites, the proposed micro-
topography and resulting drainage divides can often be manipulated to direct runoff to these
favorable locations without significant impacts to the overall site design.

The designer can implement the stormwater practices to achieve the load reduction
requirement by treating the new, redeveloped, or existing site areas within the limits of the
project (as defined by the project site). The project site should incorporate all of the disturbed
area and proposed improvements (including existing buildings when being renovated), and
any additional area of the site needed for vehicle access, material and equipment staging, and
the construction of the stormwater BMPs.

Step 2: Site Hydrology & Pollutant Loads

1. Determine the pre-development land cover (forest/open space, managed turf, or
impervious).
The pre-development (or pre-redevelopment) land cover is defined as the land cover that
exists at the time that plans for the land development of a tract of land are submitted to
the VSMP authority. Where a development is phased, or where plan submittal and
approval is broken down into steps such as demolition of existing structures, preliminary
grading, or construction of roads or utilities, etc., the land cover at the time of the first
item submitted establishes the pre-development conditions.

2. Determine the post-development land cover (forest/open space, managed turf, or
impervious).
The post-development (or post-redevelopment) land cover is defined as the land cover
that reasonably may be expected or anticipated to exist after completion of the land
development activity on a specific site (i.e., the land cover as defined by the approved
plans for the redevelopment project).

3. Compute the pre-development and post-development Site Rv (Equation 11.8), Tv
(Equation 11.7), and corresponding pollutant loads (Equation 11.9).

4. Compute the load reduction requirement using Equation 11.17 for redevelopment
projects that disturb one acre or more (land disturbance > 1 acre: subdivision 2-a of 9
VAC 25-870-63 A), or Equation 11.18 for re-development projects that disturb less than
one acre (land disturbance < 1 acre: subdivision 2-b of 9 VAC 25-870-63 A):

Equation 11.17. Load Reduction Requirement for Redevelopment ( 2 1 acre of disturbance)
Lreduction = LPost—ReDevelopment - LPre—ReDevelopment(1 - 0-2)

Where:
Lyeduction = Load reduction requirement (Ib/yr)
Lpost—Repevelopment = Post-development (or post redevelopment) load (lb/yr)

Lpre—Repevelopment = Pre-development (or pre redevelopment) load (Ib/yr)

OR
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Equation 11.18. Load Reduction Requirement for Redevelopment ( < 1 acre of disturbance)

5.

Step 3:

Step 4:

Lreduction = LPost—ReDevelopment - LPre—ReDevelopment(1 - 0-1)

Where:
Lyeduction = Load reduction requirement (lb/yr)
Lpost-Rrepevelopment = Post-development (or post redevelopment) load (Ib/yr)

Lpre—Repevelopment = Pre-development (or pre redevelopment) load (Ib/yr)

Verify that the load reduction requirement computed in item 4 does not exceed that which
would be required to meet the load limit standard for new development (0.41 Ib/ac):

Equation 11.19. Redevelopment Load Reduction Limit

Lreduction < LPost—ReDevelopment - (0-41 lb/ac/yr) X A

Where:
Lyeduction = total load reduction requirement (Ib) for the
redevelopment project computed in Step 4
Lpost—Repevelopment = Post-redevelopment pollutant load (Equation 11.9)
0.41 [b/ac/yr = site based TP load limit
A = redevelopment site area (acres)

NOTE: The VRRM Redevelopment Compliance Spreadsheet provides for these
computations. The user must enter the total disturbed acreage and the pre-
development and post-development land cover acres on the Site Data tab. The
spreadsheet will compute the total load reduction requirement. Refer to Section
12.4 of Chapter 12 for the VRRM Redevelopment Compliance Spreadsheet
user’s guide.

Drainage Area Hydrology, Peak Discharge, and Treatment VVolume (Tv)

Repeat the procedures of Step 2 as needed to determine the post-development Land
Cover and corresponding Site Rv (Equation 11.8) and 7v (Equation 11.7) in each
drainage area.

Apply volume (or load) reduction BMPs to the redevelopment site in order to achieve
the required reduction calculated in Step 2 or by Equation 11.10, whichever is less.
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11.7.1.2 Redevelopment Sites that Increase Impervious Cover

The following procedure is for re-development sites that result in a net increase in impervious
cover in the post-development condition.

Step 1: Resource Mapping (see Chapter 6) and Environmental Site Assessment.

Step 2: Site Hydrology & Pollutant Loads

1.

Determine the pre-development land cover (forest/open space, managed turf, or
impervious).

Determine the post-development land cover (forest/open space, managed turf, or
impervious).

Determine the adjusted pre-development land cover.

The adjusted pre-development land cover is the pre-development land cover minus the
pervious acreage (forest/open space or turf based on soil types) proposed for new
impervious cover.

Determine a comparably adjusted post-development land cover.
This is the post-development land cover minus the net acreage of new impervious cover.

The adjusted pre-development land cover acreage is now the same as the post-
development land cover, and is considered the redevelopment acreage used to compute
the 10 or 20% load reduction requirement (Equation 11.17 or 11.18 based on the acreage
of disturbance.)

The net acreage of increased impervious cover is considered new development and is
used to compute the load reduction required to meet the load limit for new development
(subdivision 2-c of 9 VAC 25-870-63 A).

Compute the pre-development, adjusted pre-development, post-development, and new
impervious Rv (Equation 11.8), 7v (Equation 11.7), and corresponding pollutant loads
(Equation 11.9).

NOTE: An adjusted pre- and post-development land cover is required in order to

accommodate the computation of dual load reduction criteria for redevelopment

sites with a net increase in impervious cover. The required total load reduction for

the redevelopment site is the sum of the load reduction from these two

computations:

e The load reduction required for the new impervious cover to meet the site
based load limit of 0.41 Ib/ac/yr (Section 11.4.4.2); and

e The load reduction required for the balance of the site to meet the 10 or 20%
load reduction from that of the existing (pre-development) land cover.

Compute the new development area load reduction requirement for the net
acreage of new impervious cover (Equation 11.10)

Compute the redevelopment area load reduction requirement using Equation 11.17 for
redevelopment projects that disturb one acre or more (land disturbance > 1 acre;
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subdivision 2-a of 9 VAC 25-870-63 A), or Equation 11.18 for redevelopment projects
that disturb less than one acre (land disturbance < 1 acre; subdivision 2-b of 9 VAC 25-
870-63 A):

8. Add the load reduction requirements of Step 6 and Step 7 of this procedure for the total
redevelopment site load reduction.

9. Verify that the load reduction requirement computed in item 8 does not exceed that which
would be required to meet the load limit standard for new development (0.41 Ib/ac) using
Equation 11.19.

Step 3: Drainage Area Hydrology, Peak Discharge, and Treatment VVolume (Tv)

Repeat the procedures of Step 2 as needed to determine the post-development Land
Cover and corresponding Site Rv (Equation 11.8) and 7v (Equation 11.7) in each
drainage area.

Step 4: Apply volume (or load) reduction BMPs to the redevelopment site in order to achieve
the required reduction calculated in Step 2 or by Equation 11.10, whichever is less.

NOTE: The VRRM Redevelopment Compliance Spreadsheet provides for all of
the computations listed in Sections 11.7.1.1 and 11.7.1.2. The user must enter the
total disturbed acreage, and the pre-development and post-development land cover
acres on the Site Data tab (reflecting the increase in impervious cover and the
corresponding decrease in the pervious cover in the post-development land use).
The spreadsheet will perform the computations for the two criteria and provide
the total load reduction requirement. Refer to Section 12.4 of Chapter 12 for the
VRRM Redevelopment Compliance Spreadsheet user’s guide.

11.7.2 Water Quantity Criteria for Development on Prior Developed Land

The requirements for channel and flood protection on redevelopment projects are the same as
those for new development and are a determined in part by the type of downstream stormwater
conveyance system (Section 11.6.1: VSMP Channel Protection Criteria and Section 11.6.5:
VVSMP Flood Protection Criteria, derived from 9 VAC 25-870-66). The criteria for both channel
and flood protection include provisions that identify conditions in the downstream stormwater
conveyance system (erosive velocity, out of bank flows or flooding, etc.) that in turn define the
specific quantity control requirements.

Minimal increases in impervious cover may in turn require a minimal amount of volume or peak
flow control to meet the requirements of a manmade or restored stormwater conveyance system
(9 VAC 25-870-66 B 1 and 2). Similarly, application of the Energy Balance Method for
discharge to a natural stormwater conveyance system when the net increase in impervious cover
is minimal should yield an equally minimal flow reduction requirement based on similar pre- and
post-development conditions. (Even no increase in impervious cover will require some flow
reduction due to the Energy Balance Method Improvement Factor of 0.8). The application of a
water quality BMP strategy to achieve the load reduction requirement (10% or 20%) may
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provide enough volume reduction (or be expanded as needed) such that the curve number
adjustment or detention storage achieves required peak rate reduction.

In all cases, the designer should carefully analyze the receiving stormwater conveyance system
in order to define the requirements, and select the appropriate BMP strategy that achieves both
the quality (Section 11.5) and quantity requirements (Section 11.6).
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Appendix 11-A
HYDROLOGIC SOIL GROUPS OF VIRGINIA SOILS

The Virginia state office of the USDA-Natural Resource Conservation Service has provided the
following guidance pertaining to accessing Hydrologic Soil Group information from the
National Engineering Handbook and NRCS web resources:

NEH630, Chapter 7 Hydrologic Soils Group Update

What's new? Chapter 7 contains the official definitions of the four hydrologic
soils groups that, along with land use, management practices and hydrologic
conditions, determine a soil's associated runoff curve number. Chapter 7 was
revised in January 2009 and May 2007. HSGs are now listed by soil map unit. A
single national [or state list] list will not be maintained and is obsolete.

Where is the official HSG information? HSG information can be found by
consulting the Soils section of the VA NRCS web site.
www.va.nrcs.usda.gov/technical/Soils/index.html . You can access the soils data
through the eFOTG, the State Soil Geogrpahic Database (STATSGO), the Soil
Data Mart, or the Web Soil Survey.

What about Table 2.1 in the Engineering Field Handbook? Table 2.1 is a list
of HSGs by soil series and is now obsolete.

What about the EFH-2 Runoff and Peak Discharge software and the HSG
database (Soils.HG)? The software has an HSG database for Virginia, available
on the engineering web site www.va.nrcs.usda.gov/technical/hydrology.html).
The HSG database is “officially” obsolete. However, we will review the list once
per year to ensure it is current. The HSG database is current for 2008. A
notification will go out once it is updated for 2009. However, the most up-to-date
soils information is located on the Web Soil Survey.

Additional information for obtaining and using digital soil information
(Contact your friendly area Soil Resource Specialist for further information.)

Web Soil Survey http://websoilsurvey.nrcs.usda.gov/app/
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Using Soil Data Viewer with ArcMap 9.2: Once a digitized soil data layer is
available, the user can use soil data viewer and toolkit to create soil-based
thematic map. A step-by-step guide for using soil data viewer and toolkit is
available on the web (from the main soils page,
http://www.va.nrcs.usda.gov/technical/Soils/index.html, on the left; and on the
training page http://www.va.nrcs.usda.gov/intranet/training.html).

In light of this NRCS guidance, designers are advised to obtain soil HSG information from
directly from the NRCS soils web site, in order to have the most accurate, reliable and up-to-date
information.

Table 11-A.1 below is an update of a similar table provided in Appendix A of Chapter 4 of the
1999 Virginia Stormwater Management Handbook, for which this is an update. Table 11-A.1
contains the majority of soils found in Virginia, along with their corresponding Hydrologic Soil
Group designations. Soil names that appear in italics were listed in the 1999 Handbook but are
no longer included in Virginia soils as identified by the NRCS. However, we have included them
here in order for designers and regulators to be able to reference the information that may have
been used in earlier stormwater management plans and BMP designs. However, designers
should note that all stormwater BMP/SCM designs that require specific soil conditions to
be present should be based on an actual analysis of soils at the site.

11-A-2


http://www.va.nrcs.usda.gov/technical/Soils/index.html
http://www.va.nrcs.usda.gov/intranet/training.html

DRAFT Virginia Stormwater Management Handbook, Chapter 11

Soil Name

Abell
Aden (SIL)
Alanthus (SIL)

Alderflats (SIL)

Alluvial Land (FSL)
Alonzville

Appling

Aquents (CN-SIL)
Aquults (L)

Argent (SIL)
Ashlar

Atlee

Austinville (SICL)
Ayersville (PGR-L)
Baile (L)

Bama (SL)

Barkers  Crossroads

L

Beckham (CL)
Belhaven (MUCK)
Benthole (GR-SIL)
Berks (CNV-SIL)
Bertie (VFSL)
Bibb

Birdsboro (SIL)

Bland (SICL)

Hydro
Group

B
C
B
D

B/D

July 2013
Table 11-A.1. Hydrologic Soil Groups in Virginia

Soil Name Hydro Soil Name Hydro

Group Group
Ackwater D Acredale (SIL) D
Airmont (FLV-L) C Alaga A
Albano (SIL) D Albermarle (FSL) B
Allegheny B Alluvial Land (FSL) B
Alluvial Land, Sandy
and Gravelly (S)

C/D Alluvial Land, Wet (SL) C/D
Altavista C Alticrest B
Appomattox B Aqualfs (SIL) D
Aquic Udifluvents (FSL) B Aquults (FSL) D
Arapahoe B/D Arcola C
Ashburn (SIL) C Ashe B
Assateague A Atkins D
Augusta C Aura B
Axis (VFSL) D Aycock (SIL) B
Backbay (MPT) D Badin (SIL) B
Bailegap B Balsam (CB-L) B
Bayboro D Banister C
Batteau (L) C Beaches (S) D
Beech Grove C Beech Grove (SIL) D
Beltsville C Belvoir C
Bentley (LS) C Berks (CN-SIL) C
Bermudian (SIL) B Bertie (FSL) C
Bethera (SIL) D Bethesda (GR-SIL) C
Biltmore (FSL) A Birdsboro (L) B
Bladen D Blairton (SIL) C
Bleakhill C Blocktown (GR-SIL) C/D
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Soil Name

Bloodyhorse (GR-L)
Bojac

Bonneau (LS)
Bourne

Bradley

Bremo

Brickhaven (FSL)
Brockroad (SIL)
Brushy

Bucks

Buffstat (SIL)
Burketown (FSL)
Buzzrock (L)
Camocca (FS)
Carbonton (FSL)
Caroline

Cataska

Catoctin

Cecll

Chandler (L)
Chastain
Chenneby
Chestnut (GR-FSL)
Chickahominy
Chipley (FS)

Cid

Clearbrook (CN-SIL)

Clifton

Hydro
Group

B

> ©® O O ®m m O O O O O » @
W)

6o o o 60 ot o 6 o ©® m O T O 0

Soil Name

Bluemount (GR-SIL)
Bolling

Bookwood (SIL)
Bowmansville (SIL)
Brandywine
Brentsville
Brinklow (SIL)
Brownwood
Buchanan
Buckton

Bugley
Burrowsville
Calverton (SIL)
Caneyville (SIL)
Cardiff

Carrvale

Catharpin (SIL)
Catpoint
Cedarcreek
Chantilly (L)
Chatuge
Chesapeake (SL)
Chestnut (SL)
Chilhowie

Chiswell

Claiborne (SIL)
Cliffield (CBV-FSL)

Clingman (MK-PEAT)

11-A-4
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Soil Name

Bohicket

Bolton (L)
Botetourt
Braddock
Brecknock
Brevard (GR-FSL)
Broadway (SIL)
Brumbaugh
Buckhall
Buffstat (CN-SIL)
Buncombe
Burton (L)

Calvin

Carbo

Cardova (GR-L)
Cartecay

Catlett (GR-SIL)
Caverns (SL)
Chagrin
Chapanoke (SIL)
Chavies (FSL)
Chester
Chewacla
Chincoteague (SIL)
Christian
Clapham (SIL)
Clifford (L)

Clover
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Soil Name

Cloverlick (GR-SIL)
Coastal Beach
Colfax

Combs

Congaree

Corydon (SICL)
Coursey
Craigsville (CB-SL)
Croton

Culleoka (GR-SIL)
Dan River (L)
Davidson

Dekalb

Dellwood (CB-SL)
Devotion (SL)
Dogue

Downer (LS)
Drapermill (GR-L)
Duffield (SIL)
Dumps Variant
Duplin (FSL)
Dystrochrepts (LS)
Edgehill (GRV-FSL)
Edneytown

Elbert

Elkton (SIL)
Emporia (FSL)

Enott

Hydro
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Soil Name

Clubcaf (SIL)
Codorus

Colleen

Comus

Coosaw

Cotaco

Cowee

Craven

Cullasaja
Culpeper
Dandridge (CN-SICL)
Dawhoo (FSL)
Delanco

Deloss (FSL)
Diana Mills (PCB-L)
Dorovan

Dragston (FSL)
Drypond

Dulles (SIL)
Dunbar (FSL)
Durham
Easthamlet (SL)
Edgehill (GRV-SL)
Edneyville

Elioak

Elliber (GRV-SIL)
Endcav

Ernest
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Soil Name

Clymer
Colescreek (FSL)
Colvard (FSL)
Conetoe
Corolla (S)
Cottonbend
Coxville (L)
Creedmoor
Cullen
Daleville
Danripple
Decatur

Delila (SL)
Derroc (CBV-L)
Dillard

Dothan (LS)
Drall
Duckston (FS)
Dumfries (SL)
Dunning (SIL)
Dyke

Ebbing (L)
Edgemont
Edom

Eliock
Elsinboro
Enon

Escatawba
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Soil Name Hydro Soil Name Hydro Soil Name Hydro

Group Group Group
Eubanks B Eulonia (FSL) C Eunola C
Evansham (SICL) D Evard B Evergreen B
Exum (SIL) C Exway (CL) B Faceville B
Fairfax (L) B Fairpoint (CN-SIL) C Fairview B
Fallsington B/D Fauquier C Faywood C
Featherstone (MK- D Feedstone (SIL) B Fisherman (FS) D
SIL)
Fiveblock (CNV-SL) C Flairmont (FLV-L) C Flatwoods (SIL) C
Fletcher (L) C Flume (L) C Fluvanna
Fluvaquents Fluvaquents
(L/SLIVFSL) (SIL/SICL/FSL)

B/D D Forestdale D
Fork (FSL) C Frankstown (CN-SIL) B Frederick B

Fresh Water Swamp
(MK-SL)
French (L) C B/D Fripp (S) A
Gaila (SL) B Gainesboro C Galestown (LFS) A
Galtsmill (FSL) B Georgeville B Germanna (SIL) B
Gertie (SIL) D Gilpin C Gladehill B
Glenelg B Glenville (L) C Glenwood B
Golbintown (MPM) B Goldsboro B Goldston C
Goldvein (GRV-SIL) C Goresville B Gravelly Alluvial Land B/D
(GR-L)

Greenlee (CBV-L) B Griffinsburg (GRV-SL) C Grigsby B
Grimsley B Grist Mill (SL) D Gritney B
Groseclose C Grover B Guernsey (SIL) C
Gunstock C Gunston (SIL) D Guyan (SIL) C
Gwinett Variant B Hagerstown (SIL) C Halewood (FSL) C
Halifax C Haplaquepts (L) A/D Hapludults (FSL) B/D
Happyland (GR-L) D Hartleton (CN-L) B Hatboro D
Hattontown (SIL) D Hawksbill B Hayesville B
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Soil Name

Hayesville (Stony)
Haywood
Hazleton

Hibler (SIL)
Hiwassee
Hogeland

Honga (PEAT)
Hyde (SIL)

lotla (SL)

Iltmann

Izagora

Jefferson
Junaluska (CN-L)
Keener (L)
Kenansville
Kingstowne (SCL)
Klej

Lackstown (FSL)
Lakeland
Lansdale

Leaf (SIL)
Leedsville (CB-SIL)
Lehew

Levy

Library (SIL)
Lindside (SIL)
Lloyd

Lodi

Hydro
Group
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Soil Name

Haymarket (SIL)
Hazel

Helena
Hickoryknob (MPM)
Hoadly (L)

Holly (L)
Huntington
Hydraquents (MK)
Iredell

luka (FSL)
Jackland (SIL)
Johns

Kalmia

Kelly (SIL)
Kenansville Variant
Kinkora (SIL)
Klinesville (CN-SIL)
Laidig

Lakin (LS)
LaRoque (L)
Leaksville (SIL)
Leetonia (GR-LS)
Lenoir

Lew

Lignum

Littlejoe

Lobdell

Louisa
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Soil Name

Hayter

Hazel Channery
Herndon

Highsplint (CN-SIL)
Hobucken (L)
Hollywood (CL)
Hyattsville
Ingledove (L)
Irongate

Izagora

Jedburg (L)
Johnston

Kaymine (CNV-SIL)
Kempsville (LFS)
Keyport (SIL)
Kinston

Konnarock (CN-SIL)
Lakehurst (S)
Lanexa

Lawnes

Leck Kill (SIL)
Legore (L)

Leon (S)
Lewisberry

Lily

Litz

Local Alluvial Land (L)

Louisburg
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Soil Name Hydro Soil Name Hydro Soil Name Hydro
Group Group Group

Lowell (SIL) C Luckettes (SIL) B Lucy (LS) A
Lugnum C Lumbee B/D Lunt C
Lynchburg C Macove B Madison B
Madsheep C Maggodee (FSL) B Magotha (FSL) D
Manassas (SIL) B Mandy (CN-SIL) C Manor B
Mantachie C Manteo C/D Marbie (SIL) C
Marbleyard (CBL-SL C Margo (L) B Marlboro (FSL) B
Marr (VFSL) B Marrowbone (FSL) C Marumsco (L) C
Masada C Massanetta B Massanutten B
Matapeake (SIL) B Matewan (FL-FSL) B Matneflat (GR-SL) B
Mattan D Mattapex C Maurertown D
Mayodan B McCamy (FSL) B McClung (SL) B
McGary (SIL) C McQueen C Meadows (GR-L) D
Meadowville B Mecklenburg C Meggett (SL) D
Melfa (MPT) D Melvin (SIL) D Middleburg B
Milldraper (L) B Millrock A Mine Run (LS) B
Minnieville C Mirerock D Mixed Alluvial Land D
“Mixed Alluvium M1” B/D “Mixed Aluvium Mm” B Molena (LS) A
(SIL) (SIL)

Monacan (SIL) C Mongle (L) C Mongle (SIL) D
Monongahela C Montalto C Montonia (CN-SIL) B
Montressor B Montross (SIL) C Moomaw C
Morrisonville B Morven (SIL) B Mount Lucas (L) C
Mt Rogers (GR-L) B Mt Weather B Muckalee (L) D
Munden B Murrill B Myatt D
Myatt Variant D Myersville B Nahunta (SIL) C
Nanford (SIL) C Nansemond (LS) C Nason (GR-L/GR-SIL) B
Nason (L/SIL/SICL) C Nathalie B Nawney D

11-A-8
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Soil Name

Neabsco (L)
Newark (SIL)
Newhan (FS)
Nicholson (SIL)
Nolichucky
Nopan (L)

Oakhill

Occoquan
Ochrepts (CN-SIL)
Ogles (CBV-L)
Orange

Oriskany

Othello (SIL)
Pactolus
Pagebrook
Pamunky (GR-SL)
Partlow

Peawick

Philo

Pignut (SIL)
Pineywoods (SIL)
Pisgah (SIL)
Pocomoke

Pooler (L)

Porters

Poynor (GRV-SIL)
Purcellville (SICL)

Rabun (SIL)

Hydro
Group
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Soil Name

Nestoria

Newbern (SIL)
Newmarc (SIL)
Nimmo

Nolin (SIL)

Norfolk

Oaklet (SIL)
Ochlockonee (SIL)
Ochrepts (SIL)
Okeetee (SL)
Orangeburg
Orrville (L)

Ott (SIL)
Paddyknob (CNV-L)
Pamlico
Panorama (SIL)
Pasquotank (SIL)
Penhook
Philomont (GR-SL)
Pineola (L)
Pinkston

Pits (S/GRX-S)
Poindexter

Pope (FSL)
Portsmouth
Psamments (FS)
Purdy

Rains
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Soil Name

Nevarc

Newflat (SIL)
Nicelytown (SIL)
Nixa

Nomberville

Oak Level (L)
Oatlands
Ochraquults (FSL)
Ocilla (LS)
Opequon (SICL)
Orenda (L)

Osier (LFS)
Pacolet
Paddyknob (GR-L)
Pamunkey (FSL/L)
Parker

Peaks

Penn

Pigeonroost
Pineville (CN-L)
Pinoka (GR-FSL)
Pocaty (MUCK)
Polawana
Poplimento
Pouncey (FSL)
Pungo

Quantico (L)

Ramsey
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Soil Name

Rapidan (L)
Rasalo (SL)
Reaville (SIL)
Rhodhiss (SL)
Riverview

Rock Outcrop (BR)
Rough

Rumford

Safell

Saunook (L)
Scales (PEAT)
Seabrook
Seneca
Shelocta
Sheva (FSL)
Siloam (MPM)

Slabtown (SIL)

Sloping Sandy Land

(FS)
Speedwell
Spotsylvania (FSL)

Stanton

Steep Sandy Land

(FS)

Stoneville

Straightstone (L)

Stumptown (FLV-L)

Hydro
Group
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Soil Name

Rappahannock (MUCK)
Rayne

Redbrush (L)

Rigley (SL)

Rixeyville (FSL)
Rohrersville

Rowland (SIL)
Rushtown

Sandy and Clayey Land
(GR-SL)

Sauratown (GR-L)
Scattersville
Sedgefield
Sequoia

Shenval
Shottower

Sindion

Slagle

Snickersville

Spessard (LS)
Spriggs
Starr

Steinsburg (FSL)

Stony Local Alluvial

Land (L)
Strawfield (CL)

Suches
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Soil Name Hydro

Group
Raritan C
Readington C
Remlick A
Rion B
Roanoke D
Ross (L) B
Rubble Land (BYX-BY) A
Ruston B
Sassafras B
Savannah C
Schaffenaker (LS) A
Sekil (SL) B
Sewell C
Sherando B
Siloam (FSL) D
Sketerville (SIL) C
Slickens B
Sowego (L) B
Spivey B
Springwood (SIL) B
State B
Stonecoal (CNX-SL) C
Stott Knob B
Stuart C
Sudley (L) B
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Soil Name

Suffolk
Sumerduck (L)
Swampoodle (L)
Sycoline (SIL)
Talladega (SIL)
Tarboro

Tatum

Thurmont

“Tidal Marsh, Low”
(MK-SICL)
Toast (SL)
Tomotley

Totier

Trego

Tuckahoe (L)
Tirbevo;;e

Typic Udorthents
(GRV-SL)
Udifluvents

Udorthents (L)

Unicoi (GRV-SL)
Vance

Vertrees

Wahee

Wando (LFS)

Watahala

Hydro
Group
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Soil Name

Sugarhol (SIL)
Susquehanna (L)
Sweetapple (FSL)
Sylco

Tallapoosa
Tarrus (SIL)
Tetotum

Tidal Marsh (MUCK)

Timberville

Toccoa

Toms (SIL)
Toxaway (SIL)
Trenholm (SL)
Tuckasegee (CB-L)
Tisqiotee

Uchee

Udipsamments

Udults (SL)

Unison

Varina

Virgilina (GR-SIL)
Wallen
Warminster (CL)

Watauga
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Group

Sulfaquents (MK-SICL) D

Swamp
Swimley
Sylvatus
Tankerville (L)
Tate (L)

Thunder (CB-L)

“Tidal Marsh, High”

(ML-SL)

Tioga (FSL)

Toddstav (SIL)
Torhunta (L)
Trappist (SIL)
Trimont (L)
Ti,b;omg
Tugart )SIL)

Udalfs

Udorthents (FSL)

Unaka (L)

Urban Land (MAT)
Vaucluse (SL)
Wadesboro (CL)
Walnut (MPM)
Warne (FSL)

Wateree
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Soil Name

Watt

Weaverton
Weeksville (SIL)
Westfield (L)
Westphalia (LVFS)
Wheaton (L)
Whiteford (SIL)
Wingina (L)
Winton (FSL)
Woodington (FSL)
Worsham

Wyrick
Yemassee (FSL)
York (SIL)

Zoar

Hydro
Group
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Soil Name

Waxpool (SIL)
Webbtown (CN-SIL)
Wehadkee
Westmoreland (SIL)
Weverton

Wheeling

Wickham (FSL)
Winnsboro (SL)
Wolfgap
Woodstown
Wrightsboro (FSL)
Yadkin

Yeopim (SIL)

Zepp

Hydro
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Soil Name

Weaver (SIL)
Wedowee
Weikert
Weston (FSL)
Wharton (SIL)
White Stone
Wilkes
Wintergreen
Wolftrap (FSL)
Woolwine
Wurno
Yellowbottom (L)
Yogaville

Zion

Source: Compiled from the USDA-NRCS Online Soil Survey Data for Virginia, July, 2009
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24-HOUR RAINFALL DEPTH DATA FOR VIRGINIA
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Table 11-B.1 provides the 24-hour rainfall depths for Virginia counties and major cities, as
updated through summer 2013 by the Virginia office of the USDA-NRCS. For counties having
more than one rainfall zone, consult the appropriate map figures following the table for the
approximate boundaries of the various zones. For localities not listed, see data for an adjacent
locality.

Table 11-B.1. NRCS Implementation of NOAA’s ATLAS 14 Rainfall Data for Virginia

Rainfall Storm Return Frequency (Years)
County

Type 1 2 5 10 25 50 100
Accomack DMV C 2.7 3.3 4.2 51 6.4 7.5 8.8
Albermarle (Zone 1) NOAA D 3.4 4.1 5.2 6.2 7.6 8.7 10.1
Albermarle (Zone 2) NOAA D 3.0 3.6 4.6 5.5 6.7 7.8 9.0
Alleghany NOAA C 2.4 2.8 3.6 4.2 5.0 5.8 6.5
Amelia NOAA C 2.7 3.3 4.2 5.0 6.1 7.1 8.2
Amherst NOAA C 2.8 3.4 4.4 5.1 6.3 7.2 8.3
Appomattox NOAA C 2.8 3.4 4.4 5.2 6.4 7.4 8.5
Augusta (Zone 1) NOAA C 2.4 3.0 3.7 4.4 5.3 6.1 6.9
Augusta (Zone 2) NOAA D 2.8 3.4 4.3 5.1 6.2 7.1 8.1
Bath NOAA C 25 3.0 3.7 4.4 53 6.0 6.8
Bedford (Zone 1) NOAA D 3.1 3.8 438 5.7 7.0 8.1 9.3
Bedford (Zone 2) NOAA C 2.8 3.3 43 5.0 6.2 7.1 8.2
Bland NOAA A 2.2 2.6 3.2 3.6 4.2 4.7 5.2
Botetourt NOAA C 2.6 3.2 4.1 4.8 5.8 6.7 7.6
Brunswick NOAA C 2.8 3.4 4.4 5.2 6.3 7.3 8.3
Buchanan NOAA A 2.2 2.6 3.2 3.7 4.3 4.9 5.5
Buckingham NOAA C 2.8 3.4 4.3 5.1 6.3 7.3 8.3
Campbell NOAA C 2.7 3.3 4.3 5.0 6.2 7.2 8.25
Caroline NOAA C 2.7 3.3 4.2 5.0 6.3 7.3 8.6
Carroll (Zone 1) NOAA B 2.3 2.7 3.4 4.0 4.8 5.5 6.1
Carroll (Zone 2) NOAA C 2.6 3.2 4.0 4.7 5.6 6.4 7.2
Carroll (Zone 3) NOAA C 3.0 3.6 4.6 5.3 6.5 7.5 8.5
Carroll (Zone 4) NOAA D 3.4 4.1 5.2 6.1 7.5 8.6 9.9
Charles City NOAA C 2.8 3.4 4.4 5.2 6.5 7.6 8.8
Charlotte NOAA C 2.7 3.3 4.2 5.0 6.1 7.1 8.1
Chesapeake (city) NOAA B 3.0 3.7 4.8 5.7 7.0 8.2 9.4
Chesterfield NOAA C 2.8 3.4 43 51 6.3 7.3 8.4
Clarke NOAA B 2.4 2.9 3.6 4.3 5.2 5.9 6.8
Craig NOAA C 2.4 2.9 3.6 4.2 5.1 5.9 6.6
Culpeper NOAA C 2.7 3.3 4.2 5.0 6.2 7.2 8.1
Cumberland NOAA C 2.7 3.3 4.2 5.0 6.1 7.07 8.14
Dickenson NOAA A 2.2 2.6 3.2 3.7 4.4 5.0 5.7
Dinwiddie NOAA C 2.8 3.4 4.4 5.2 6.3 7.3 8.4
Essex NOAA C 2.7 3.2 4.2 5.0 6.3 7.4 8.6
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County Rainfall Storm Return Frequency (Years)

Type 1 2 5 10 25 50 100
Fairfax NOAA C 2.6 3.1 4.0 4.8 6.0 7.0 8.2
Fauquier NOAA B 2.6 3.2 4.0 4.8 5.9 6.9 8.0
Floyd (Zone 1) NOAA C 25 3.1 3.9 4.6 5.6 6.4 7.3
Floyd (Zone 2) NOAA C 2.9 35 4.4 5.2 6.4 7.4 8.4
Floyd (Zone 3) NOAA D 3.4 4.1 5.3 6.2 7.6 8.8 10.2
Floyd (Zone 4) NOAA D 3.8 4.6 5.9 7.0 8.6 10.0 11.5
Fluvanna NOAA C 2.7 3.3 4.2 4.9 6.0 7.0 8.1
Franklin NOAA C 2.8 3.4 4.4 5.2 6.32 7.31 8.39
Frederick NOAA B 2.4 2.8 3.5 4.1 5.0 5.7 6.5
Giles (Zone 1) NOAA A 2.1 25 3.1 3.6 4.3 4.9 5.5
Giles (Zone 2) NOAA B 2.3 2.8 3.5 4.1 4.9 5.6 6.4
Gloucester NOAA C 2.9 3.5 4.5 5.4 6.7 7.9 9.2
Goochland NOAA C 2.7 3.3 4.2 5.0 6.1 7.1 8.2
Grayson (Zone 1) NOAA C 3.3 3.9 4.9 5.7 6.8 7.7 8.7
Grayson (Zone 2) NOAA B 2.4 29 3.6 4.1 4.9 5.6 6.2
Grayson (Zone 3) NOAA C 2.7 3.2 4.1 4.7 5.7 6.5 7.3
Greene NOAA D 3.0 3.7 47 55 6.7 7.8 8.9
Greensville NOAA B 2.7 3.3 4.2 5.0 6.2 7.2 8.3
Halifax NOAA B 2.7 3.3 4.1 49 6.0 6.9 7.9
Hampton (city) NOAA C 2.9 3.6 4.6 5.5 6.9 8.1 9.3
Hanover NOAA C 2.7 3.3 4.2 5.0 6.2 7.3 8.4
Henrico NOAA C 2.7 3.3 4.3 5.1 6.3 7.3 8.4
Henry NOAA C 29 3.5 4.5 5.3 6.5 7.5 8.7
Highland NOAA C 2.4 2.9 3.6 4.2 5.0 5.7 6.4
Isle of Wight NOAA B 3.0 3.6 4.7 5.5 6.8 8.0 9.2
James City NOAA C 2.9 35 4.6 55 6.8 7.9 9.2
King and Queen NOAA C 2.7 3.3 4.3 5.1 6.4 7.5 8.7
King George NOAA C 2.6 3.2 41 5.0 6.2 7.3 8.5
King William NOAA C 2.7 3.3 4.2 51 6.3 7.4 8.6
Lancaster NOAA C 2.7 3.3 4.3 52 6.5 7.6 8.9
Lee NOAA B 25 3.0 3.7 4.2 5.0 5.7 6.3
Loudoun NOAA B 2.6 3.1 4.0 4.7 5.7 6.7 7.7
Louisa NOAA C 2.7 3.3 4.2 5.0 6.2 7.2 8.3
Lunenburg NOAA C 2.7 3.3 4.2 5.0 6.1 7.1 8.2
Lynchburg (city) NOAA C 2.8 3.3 4.3 5.0 6.2 7.2 8.2
Madison (Zone 1) NOAA D 3.4 4.1 5.2 6.1 7.5 8.7 9.9
Madison (Zone 2) NOAA C 2.9 3.5 4.4 5.3 6.5 7.5 8.6
Mathews NOAA C 2.8 3.4 45 5.4 6.7 7.9 9.2
Mecklenburg NOAA B 2.7 3.2 4.1 4.9 5.9 6.8 7.8
Middlesex NOAA C 2.8 3.4 4.4 53 6.6 7.7 9.0
Montgomery (Zone 1) | NOAA B 20 2.4 3.1 3.6 4.3 5.0 5.6
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County Rainfall Storm Return Frequency (Years)

Type 1 2 5 10 25 50 100
Montgomery (Zone 2) | NOAA B 2.3 2.7 3.5 4.1 5.0 5.7 6.5
Montgomery (Zone 3) | NOAA C 2.6 3.2 4.0 4.7 5.8 6.6 7.6
Nelson NOAA D 3.0 3.6 4.6 55 6.7 7.7 8.8
New Kent NOAA C 2.8 3.4 4.4 5.2 6.4 7.5 8.7
Newport News (city) NOAA C 29 3.6 4.6 5.5 6.9 8.0 9.3
Norfolk (city) NOAA C 2.9 3.6 4.6 55 6.8 8.0 9.2
Northampton DMV C 2.7 3.3 43 5.2 6.48 7.61 8.88
Northumberland NOAA C 2.7 3.3 4.3 5.1 6.4 7.5 8.8
Nottoway NOAA C 2.7 3.3 4.2 5.0 6.2 7.1 8.2
Orange NOAA C 2.8 3.3 4.3 5.1 6.3 7.3 8.5
Page (Zone 1) NOAA C 2.4 2.9 3.7 4.4 5.3 6.1 6.9
Page (Zone 2) NOAA D 3.0 3.6 4.6 5.4 6.6 7.6 8.7
Patrick (Zone 1) NOAA D 3.8 4.6 5.9 7.0 8.6 9.9 11.5
Patrick (Zone 2) NOAA D 3.3 4.0 5.2 6.1 7.5 8.7 10.0
Patrick (Zone 3) NOAA C 3.0 3.7 4.7 5.6 6.8 7.9 9.1
Petersburg (city) NOAA C 2.8 3.4 4.4 5.2 6.3 7.4 8.5
Pittsylvania NOAA C 2.8 3.4 4.3 5.1 6.2 7.2 8.2
Poquoson (city) NOAA C 29 3.6 4.6 5.5 6.9 8.0 9.4
Portsmouth (city) NOAA C 3.0 3.6 4.7 5.6 6.9 8.0 9.3
Powhatan NOAA C 2.7 3.3 4.2 5.0 6.1 7.1 8.2
Prince Edward NOAA C 2.7 3.3 4.3 5.0 6.2 7.2 8.3
Prince George NOAA C 2.8 3.4 4.4 5.2 6.4 7.5 8.6
Prince William NOAA C 25 3.0 3.9 4.7 5.8 6.9 8.0
Pulaski NOAA A 2.0 2.4 3.1 3.6 4.3 5.0 5.6
Rappahannock NOAA C 2.8 3.4 4.3 5.0 6.2 7.1 8.2
Richmond (city) NOAA C 2.8 34 4.3 5.1 6.3 7.3 8.4
Richmond NOAA C 2.7 3.3 43 51 6.4 7.5 8.8
Roanoke (Zone 1) NOAA C 2.4 29 3.6 4.2 5.2 5.9 6.7
Roanoke (Zone 2) NOAA C 2.6 3.2 4.0 4.7 5.7 6.6 7.5
Rockbridge NOAA C 25 3.0 3.9 45 55 6.3 7.2
Rockingham (Zone 1) | NOAA B 23 2.8 35 4.1 4.9 5.6 6.4
Rockingham (Zone 2) | NOAA D 2.9 3.4 4.4 5.1 6.2 7.1 8.1
Russell NOAA A 2.2 2.6 3.2 3.6 4.3 4.8 5.4
Scott (Zone 1) NOAA A 2.4 2.8 3.4 3.9 4.6 5.2 5.8
Scott (Zone 2) NOAA A 2.3 2.7 3.2 3.6 4.2 4.6 5.0
Shenandoah NOAA B 2.3 2.8 3.5 4.1 5.0 5.7 6.5
Smyth NOAA A 2.3 2.7 3.2 3.7 4.2 4.7 5.1
Southampton NOAA B 2.9 3.5 4.5 54 6.6 1.7 8.8
Spotsylvania NOAA C 2.7 3.2 4.2 4.9 6.1 7.2 8.4
Stafford NOAA C 2.6 3.1 4.0 4.8 6.0 7.0 8.2
Suffolk (city) NOAA B 3.0 3.6 47 5.6 6.9 8.0 9.3
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County Rainfall Storm Return Frequency (Years)

Type 1 2 5 10 25 50 100
Surry NOAA C 29 3.5 4.6 5.4 6.7 7.8 9.0
Sussex NOAA C 2.9 35 45 5.3 6.5 75 8.6
Tazewell NOAA A 2.1 25 3.0 3.5 4.1 4.6 5.1
Virginia Beach (city) NOAA C 3.0 3.7 4.7 5.7 7.0 8.2 9.4
Warren (Zone 1) NOAA B 25 3.0 3.8 4.4 5.4 6.2 7.1
Warren (Zone 2) NOAA C 2.8 3.4 4.3 5.1 6.2 7.2 8.3
Washington NOAA A 2.2 2.6 3.1 35 4.0 4.4 4.8
Westmoreland NOAA C 2.7 3.2 4.2 5.0 6.3 7.4 8.7
Wise NOAA A 2.3 2.7 3.3 3.8 4.6 5.2 5.9
Wythe NOAA A 2.1 25 3.1 3.6 4.2 4.7 5.3
York NOAA C 2.9 3.6 4.6 5.5 6.8 8.0 9.3

Source: USDA-NRCS State Office, Richmond, VA
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Albemarle County, V'rgrmaf
Rainfall Zones Using
NOAA Atlas 14 Data .
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Figure 11-B-1. NRCS Rainfall Zone Map for Albermarle County, Virginia
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Augusta County, Virginiaz
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.2. NRCS Rainfall Zone Map for Augusta County, Virginia
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Bedford County, Virginia
Rainfall Zones Using -
NOAA Atlas 14 Data
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Figure 11-B.3. NRCS Rainfall Zone Map for Bedford County, Virginia
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Carroll County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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VA Rainfall Zones
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Figure 11-B.4. NRCS Rainfall Zone Map for Carroll County, Virginia
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Floyd County, Virginiai
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.5. NRCS Rainfall Zone Map for Floyd County, Virginia
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Giles County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.6. NRCS Rainfall Zone Map for Giles County, Virginia
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Grayson Co., Virginia :
Rainfall Zones Using -
NOAA Atlas 14 Data
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Figure 11-B.7. NRCS Rainfall Zone Map for Grayson County, Virginia
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Greene County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.8. NRCS Rainfall Zone Map for Greene County, Virginia
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Madison County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.9. NRCS Rainfall Zone Map for Madison County, Virginia
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Montgomery County and-
Radford City, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.10. NRCS Rainfall Zone Map for Montgomery County, Virginia
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Page County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.11. NRCS Rainfall Zone Map for Page County, Virginia
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Patrick County, Virginia
Rainfall Zones Using
NOAA Atlas 14 Data
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Figure 11-B.12. NRCS Rainfall Zone Map for Patrick County, Virginia
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Roanoke County - with _
Roanoke & Salem Cities, -
Virginia Rainfall Zones -
Using NOAA Atlas 14 Data
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Figure 11-B.13. NRCS Rainfall Zone Map for Roanoke County, Virginia
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Figure 11-B.14. NRCS Rainfall Zone Map for Rockbridge County, Virginia
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Figure 11-B.15. NRCS Rainfall Zone Map for Rockingham County, Virginia
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The USDA-Natural Resources Conservation Service's National Engineering Handbook, Part
630, Hydrology, chapter 10, publishes figure 10-2 (Figure 11-C.1 below)for estimating direct
runoff from rainfall for selected runoff curve numbers. Many users find it more convenient to
work with the tables that follow in this appendix, which were published by the NRCS in 1960
and revised in 1976. The tables show runoff amounts from rainfall quantities up to 40 inches and
for runoff curve numbers 50 to 98, inclusive. In most cases the tables give more exact solutions
than can be interpolated from the graph in Figure 11-C.1. The runoff value was determined
using the equation:

2
P-0.2S .
Q= Q Where:  Q = Depth of runoff (inches)
P +0.8S
P = Depth of rainfall (inches)
S = Maximum potential retention (inches)
- 5 q . o , (P-0.28)"
Figare 10-2 ES-1001 graphical solution of the equation Q=
E— P+038S
8
Rainfall (P) (P-1,)% " el _
Runoff (Q) sz Wl[“.(iii «iﬁ;ﬁ{j&w
7 % S m——
5] Curves on this sheet are for the
case [;=0.28, so that’ !
r (P-0.28)
6 e 7]:'+U. D
Initial
abstraction I, Infiltration
@ cuarve
£ 5
5
5
g
ol
:
a
9
1
0 - = - -
0 1 2 3 4 5 6 7 8 9 10 11 12

Rainfall (P) in inches

Figure 11-C.1. NRCS Graphical Solution to Determine Runoff Depth from Rainfall Depth
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Table 11-C.1. NRCS Rainfall-Runoff Table for CN =50

July 2013

Curve

50

e e S S o e e i s T 0T
Runoff for inches of rainfall—Curve no. 50

---------------------------------------- Tenths ------oommmm i
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1
2 0.00 0.00 0.00 0.01 0.02 0.02 0.03 0.06 0.06 0.07
3 0.09 0.11 0.13 0.15 0.17 0.20 0.22 0.25 0.27 0.30
4 0.33 0.36 0.40 0.43 0.46 0.50 0.54 0.57 0.61 0.65
5 0.69 0.73 0.78 0.82 0.86 0.91 0.95 1.00 1.05 1.09
6 1.14 1.19 1.24 1.29 1.34 1.40 1.45 1.50 1.56 1.61
T 1.67 1.72 1.78 1.84 1.89 1.95 2.01 2.07 2.13 2.19
8 2.25 2.31 2.37 2.43 2.50 2.56 2.62 2.69 2.75 2.82
9 2.88 2.95 3.01 3.08 3.15 3.21 3.28 3.35 - 3.42 3.49
10 3.56 3.62 3.69 3.76 3.83 391 3.98 4.05 4.12 4.19
11 4.26 4.34 4.41 4.48 4.55 4.63 4.70 4.78 4.85 4.93
12 5.00 5.08 5.16 5.23 5.30 5.38 5.45 5.53 5.61 5.68
13 5.76 5.84 5.92 5.99 6.07 6.15 6.23 6.31 6.39 6.47
14 6.55 6.62 6.70 6.78 6.86 6.94 7.02 7.11 7.19 7.27
15 7.35 7.43 7.61 7.59 7.67 7.76 7.84 7.92 8.00 8.08
16 8.17 8.256 8.33 8.42 8.50 8.68 8.67 8.75 8.83 8.92
17 9.00 9.08 9.17 9.25 9.34 9.42 9.51 9.59 9.68 9.76
18 9.85 9.93 10.02 10.10 10.19 10.27 10.36 10.45 10.53 10.62
19 10.70 10.79 10.88 10.96 11.05 11.14 11.22 11.31 11.40 11.48
20 11:.5% 11.66 175 11.83 11.92 12.01 12.10 12.18 12.27 12.36
21 12.45 12.54 12.62 12.71 12.80 12.89 12.98 13.07 13.16 13.24
22 13.33 13.42 13.51 13.60 13.69 13.78 13.87 13.96 14.05 14.14
23 14.23 14.32 14.41 14.49 14.58 14.67 14.76 14.85 14.94 15.03
24 16:18 15.22 15.31 15.40 15.49 15.58 15.67 15.76 15.85 15.94
25 16.03 16.12 16.21 16.30 16.39 16.49 16.58 16.67 16.76 16.85
26 16.94 17.03 . . 17.12 17.22 17.31 17.40 17.49 17.58 17.67 17.77
27 17.86 17.95 18.04 18.13 18.22 18.32 18.41 18.50 18.59 18.69
28 18.78 18.87 18.96 19.05 19.15 19.24 19.33 19.42 19.562 19.61
29 19.70 19.80 19.89 19.98 20.07 20.17 20.26 20.35 20.45 20.54
30 20.63 20.72 20.82 20.91 21.00 21.10 21.19 21.28 21.38 21.47
31 21.56 21.66 21.75 21.84 21.94 22.03 22.13 22.22 22.31 22.41
32 22.60 22.59 22.69 22.78 22.88 22.97 23.06 23.16 23.25 23.34
33 23.44 23.563 23.63 23.72 23.82 23.91 24.00 24.10 24.19 24.29
34 24.38 24.48 24.57 24.66 24.76 24.85 24.95 25.04 25.14 25.23
35 25.33 25.42 25.51 25.61 25.70 25.80 25.89 25.99 26.08 26.18
36 26.27 26.37 26.46 26.56 26.65 26.75 26.84 26.94 27.03 27.13
37 27.22 27.32 27.41 27.51 27.60 27.70 27.79 27.89 27.98 28.08
38 28.17 28.27 28.36 28.40 28.56 28.65 28.75 28.84 26.94 29.03
39 29.13 29.22 2932 2041 29.51 29.61 29.70 29.80 29.89 29.99
40 30.08 30.18 30.27 30.37 30.47 30.56 30.66 30.75 30.85 30.94
o . " B el x, W : (P-0.28)°
Example: 4.50 inches rainfall = 0.50 inches runoff Note: Runoff value determined by equation Q= P10 SS_
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Table 11-C.2. NRCS Rainfall-Runoff Table for CN =51

Runeoff for inches of rainfall —Curve neo. 51

July 2013

———————————————————————————————————————— Tenths ------voommmm i
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1
2 0.00 0.00 0.01 0.01 0.02 0.03 0.04 0.06 0.07 0.09
3 0.11 0.13 0.15 0.17 0.20 0.22 0.25 0.28 0.31 0.34
4 0.37 0.40 0.44 0.47 0.51 0.55 0.58 0.62 0.66 0.70
5 0.75 0.79 0.83 0.88 0.92 0.97 1.02 1.07 1.11 1.16
6 1.21 1.27 1.32 1.37 1.42 1.48 1.53 1.59 1.64 1.70
7 1.76 1.81 1.87 1.93 1.99 2.06 2.11 2.17 2.23 2.29
8 2.35 2.42 2.48 2.54 2.61 2.67 2.74 2.80 2.87 2.94
9 3.00 3.07 3.14 3.20 3.27 3.34 3.41 3.48 3.65 3.62
10 3.69 3.76 3.83 3.90 3.97 4.05 4.12 4.19 4.26 4.34
11 4.41 4.48 4.56 4.63 4.71 4.78 4.86 4.93 5.01 5.08
12 5.16 5.24 5.31 5.39 5.47 5.54 5.62 5.70 5.78 5.85
13 5.93 6.01 6.09 6.17 6.25 6.33 6.41 6.49 6.57 6.65
14 6.73 6.81 6.89 6.97 7.05 7.13 7.21 7.29 7.37 7.46
15 7.54 7.62 7.70 7.79 7.87 7.95 8.03 8.12 8.20 8.28
16 8.37 8.45 8.53 8.62 8.70 8.79 8.87 8.95 9.04 9.12
17 9.21 9.29 9.38 9.46 9.55 9.63 9.72 9.81 9.89 9.98
18 10.06 10.15 10.24 10.32 10.41 10.49 10.58 10.67 10.75 10.84
19 10.93 11.02 11.10 11.19 11.28 11.36 11.45 11.54 11.63 11.72
20 11.80 11.89 11.98 12.07 12.16 12.24 12.33 12.42 12.51 12.60
21 12.69 12.78 12.86 12.95 13.04 13.13 13.22 13.31 13.40 13.49
22 13.58 13.67 13.76 13.85 13.94 14.03 14.12 14.21 14.30 14.39
23 14.48 14.57 14.66 14.75 14.84 14.93 15.02 15.11 15.20 15.29
24 15.38 15.47 15.56 15.66 15.75 15.84 15.93 16.02 16.11 16.20
25 16.29 16.38 16.48 16.57 16.66 16.75 16.84 16.93 17.03 17.12
26 17.21 17.30 17.39 17.49 17.58 17.67 17.76 17.85 17.95 18.04
27 18.13 18.22 18.32 18.41 18.50 18.59 18.69 18.78 18.87 18.96
28 19.06 19.15 19.24 19.33 19.43 19.52 19.61 19.71 19.80 19.89
29 19.99 20.08 20.17 20.26 20.36 20.45 20.54 20.64 20.73 20.82
30 20.92 21.01 21.11 21.20 21.29 21.39 21.48 21.57 21.67 21.76
31 21.86 21.95 22.04 22.14 22.23 22.32 22.42 22.51 22.61 22.70
32 22.79 22.89 22.98 23.08 23.17 23.27 23.36 23.45 23.55 23.64
33 23.74 23.83 23.93 24.02 24.12 24.21 24.30 24.40 24.49 24.59
34 24.68 24.78 24.87 24.97 25.06 25.16 25.25 25.3b 25.44 25.54
35 25.63 26.73 2b.82 25.92 26.01 26.11 26.20 26.30 26.39 26.49
36 26.58 26.68 26.77 26.87 26.96 27.06 27.16 27.25 27.34 27.44
37 27.53 27.63 27.73 27.82 27.92 28.01 28.11 28.20 28.30 28.39
38 28.49 28.58 28.68 28.78 28.87 28.97 29.06 29.16 29.25 29.35
39 29.45 29.54 29.64 29.73 29.83 29.93 30.02 30.12 30.21 30.31
40 30.40 30.50 30.60 30.69 30.79 30.88 30.98 31.08 31.17 31.27
. _ (P-0.28)°
Note: Runoff value determined by equation Q@ =~——
P+0.8S
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Table 11-C.3. NRCS Rainfall-Runoff Table for CN =52

July 2013

Runoff for inches of rainfall —Curve no. 52

———————————————————————————————————————— Tenths ~-----evmmm e
Inches 0.0 0.1 0.2 0. 0.4 0.5 0.6 0.7 0.8 0.9
0
1
2 0.00 0.01 0.01 0.02 0.03 0.04 0.06 0.07 0.09 0.11
3 0.13 0.15 0.17 0.20 0.22 0.26 0.28 0.31 0.34 0.37
0.41 0.44 0.48 0.52 0.55 0.59 0.63 0.67 0.72 0.76
b 0.80 0.85 0.89 0.94 0.99 1.04 1.09 1.14 1.19 1.24
6 1.29 1.34 1.40 1.45 1.50 1.56 1.62 1.67 1.73 1.79
7 1.85 1.91 1.97 2.03 2.09 2.15 2.21 2.27 2.33 2.40
8 2.46 2.53 . 2.59 2.66 2.72 2.79 2.85 2.92 2.99 3.06
9 3.12 3.19 3.26 3.33 3.40 3.47 3.54 3.61 3.68 3.75
10 3.82 3.90 3.97 4.04 4.11 4.19 4.26 4.33 4.41 4.48
11 4.56 4.63 4.71 4.78 4.86 4.94 5.01 5.09 5.16 5.24
12 5.32 5.40 5.47 5.55 5.63 5.71 5.79 5.87 5.94 6.02
13 6.10 6.18 6.26 6.34 6.42 6.50 6.58 6.66 6.75 6.83
14 6.91 6.99 7.07 7.15 7.23 7.32 7.40 7.48 7.56 7.65
16 7.73 7.81 7.90 7.98 8.06 8.15 8.23 8.31 8.40 8.48
16 8.57 8.65 8.74 8.82 8.91 8.99 9.08 9.16 9.25 9.33
17 9.42 9.50 9.59 9.68 9.76 9.85 9.93 10.02 10.11 10.19
18 10.28 10.37 10.45 10.54 10.63 10.72 10.80 10.89 10.98 11.07
19 11.15 11.24 11.33 11.42 11.50 11.59 11.68 11.77 11.86 11.95
20 12.04 12.12 12.21 12.30 12.39 12.48 12.57 12.66 12.75 12.84
21 12.93 13.01 13.10 13.19 13.28 13.37 13.46 13.55 13.64 13.73
22 13.82 13.91 14.00 14.09 14.18 14.27 14.37 14.46 14.556 14.64
23 14.73 14.82 14.91 15.00 15.09 15.18 15.27 15.36 15.46 156.55
24 15.64 15.73 15.82 15.91 16.00 16.10 16.19 16.28 16.37 16.46
25 16.55 16.65 16.74 16.83 16.92 17.01 17.11 17.20 17.29 17.38
26 17.48 17.57 17.66 17.75 17.85 17.94 18.03 18.12 18.22 18.31
27 18.40 18.49 18.59 18.68 18.77 18.87 18.96 19.05 19.15 19.24
28 19.33 19.42 19.52 19.61 19.70 19.80 19.89 19.98 20.08 20.17
29 20.27 20.36 20.45 20.55 20.64 20.73 20.83 20.92 21.02 21.11
30 21.20 21.30 21.39 21.48 21.58 21.67 21,77 21.86 21.96 22.05
31 22.14 22.24 22.33 22.43 22.52 22.61 22.71 22.80 22.90 22.99
32 23.09 23.18 23.28 23.37 23.47 23.56 23.65 23.75 23.84 23.94
33 24.03 24.13 24.22 24.32 24.41 24.51 24.60 24.70 24.79 24.89
34 24.98 25.08 25.17 25.27 25.36 25.46 25.5b 25.65 25.74 25.84
35 25.93 26.03 26.12 26.22 26.32 26.41 26.51 26.60 26.70 26.79
36 26.89 26.98 27.08 27.17 27.27 27.37 27.46 27.56 27.65 27.75
37 27.84 27.94 28.03 28.13 28.23 28.32 28.42 28.51 28.61 28.71
38 28.80 28.90 28.99 29.09 29.18 29.28 29.38 29.47 29.57 29.66
39 29.76 29.86 29.95 30.05 30.14 30.24 30.34 30.43 30.53 30.63
40 30.72 30.82 30.91 31.01 31.11 31.20 31.30 31.40 31.49 31.59
Note: Runoff value determined by equation Q = @Z—S)
P+0.88
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Curve

93

Table 11-C.4. NRCS Rainfall-Runoff Table for CN = 53

July 2013

Runoff for inches of rainfall-—Curve no. 53

———————————————————————————————————————— Tenths ------cmmmmmmm e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1
2 0.01 0.01 0.02 0.03 0.04 0.05 0.07 0.09 0.11 0.13
3 0.15 0.17 0.20 0.22 0.25 0.28 0.31 0.34 0.38 0.41
4 0.45 0.48 0.52 0.56 0.60 0.64 0.68 0.73 0.77 0.81
5 0.86 0.91 0.95 1.00 1.05 1.10 1.16 1.20 1.26 1.31
6 1.36 1.42 1.47 1.63 1.59 1.64 1.70 1.76 1.82 1.88
7 1.94 2.00 2.06 2.12 2.18 2.25 2.31 2.37 2.44 2.50
8 2.57 2.63 2.70 2.77 2.83 2.90 2.97 3.04 3.11 3.17
9 3.24 3.31 3.38 3.45 3.53 3.60 3.67 3.74 3.81 3.89
10 3.96 4.03 4.10 4.18 4.25 4.33 4.40 4.48 4.55 4.63
11 4.70 4.78 4.86 4.93 5.01 5.09 5.16 5.24 5.32 5.40
12 5.48 5.55 5.63 5.71 5.79 5.87 5.95 6.03 6.11 6.19
13 6.27 6.35 6.43 6.51 6.59 6.68 6.76 6.84 6.92 7.00
14 7.09 7.17 7.25 7.33 7.42 7.50 7.58 7.67 7.75 7.83
15 7.92 8.00 8.08 8.17 8.25 8.34 8.42 8.51 8.59 8.68
16 8.76 8.85 8.93 9.02 9.10 9.19 9.28 9.36 9.45 9.53
17 9.62 9.71 9.79 9.88 9.97 10.05 10.14 10.23 10.32 10.40
18 10.49 10.58 10.67 10.75 10.84 10.93 11.02 11.11 11.19 11.28
19 11.37 11.46 11.55 11.64 11.73 11.81 11.90 11.99 12.08 12.17
20 12.26 12.35 12.44 12.53 12.62 12.71 12.80 12.89 12.98 13.07
21 13.16 13.25 13.34 13.43 13.52 13.61 13.70 13.79 13.88 13.97
22 14.06 14.15 14.24 14.33 14.42 14.51 14.61 14.70 14.79 14.88
23 14.97 15.06 15.15 15.24 15.34 15.43 15.52 15.61 15.70 15.79
24 15.89 15.98 16.07 16.16 16.25 16.35 16.44 16.53 16.62 16.71
25 16.81 16.90 16.99 17.08 17.18 17.27 17.36 17.45 17.55 17.64
26 17.73 17.83 17.92 18.01 18.10 18.20 18.29 18.38 18.48 18.57
27 18.66 18.76 18.85 18.94 19.04 19.13 19.22 19.32 19.41 19.50
28 19.60 19.69 19.79 19.88 19.97 20.07 20.16 20.25 20.35 20.44
29 20.54 20.63 20.72 20.82 20.91 21.01 21.10 21.19 21.29 21.38
30 21.48 21.57 21.67 21.76 21.85 21.95 22.04 22.14 22.23 22.3¢
31 22.42 22.52 22.61 22.71 22.80 22.89 22.99 23.08 23.18 23.27
32 23.37 23.46 23.56 23.65 23.75 23.84 23.94 24.03 24.13 24.22
33 24.32 24.41 24.51 24.60 24.70 24.79 24.89 24.98 25.08 25.18
34 25.27 25.37 25.46 25.56 25.65 25.75 25.84 25.94 26.03 26.13
35 26.22 26.32 26.42 26.51 26.61 26.70 26.80 26.89 26.99 27.09
36 27.18 27.28 27.37 27.47 27.56 27.66 27.76 27.85 27.95 28.04
37 28.14 28.24 28.33 28.43 28.52 28.62 28.72 28.81 28.91 29.00
38 29.10 29.20 29.29 29.39 29.49 29.58 29.68 29.77 29.87 29.97
39 30.06 30.16 30.26 30.35 30.45 30.54 30.64 30.74 30.83 30.93
40 31.03 31.12 31.22 31.32 31.41 31.61 31.61 31.70 31.80 31.90
. _ (P-0.2s)”
Note: Runoff value determined by equation Q = ~———
P+0.8S

11-C-7



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.5. NRCS Rainfall-Runoff Table for CN = 54

July 2013

Runoff for inches of rainfall—-Curve no. 54

———————————————————————————————————————— Tenths --------ommmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1
2 0.01 0.02 0.03 0.04 0.05 0.07 0.09 0.10 0.12 0.15
3 0.17 0.20 0.22 0.26 0.28 0.31 0.35 0.38 0.41 0.45
4 0.49 0.53 0.57 0.61 0.65 0.69 0.73 0.78 0.83 0.87
5 0.92 0.97 1.02 1.07 1.12 1.17 1.22 1.28 1.33 1.38
6 1.44 1.50 1.65 1.61 1.67 1.73 1.79 1.85 1.91 1.97
7 2.03 2.09 2.16 2.22 2.28 2.35 2.41 2.48 2.54 2.61
8 2.68 2.74 2.81 2.88 2.95 3.02 3.08 3.16 3.22 3.29
9 3.37 3.44 3.51 3.58 3.65 3.73 3.80 3.87 3.94 4.02
10 4.09 4,17 4.24 4.32 4.39 4.47 4.54 4.62 4.70 4.77
11 4.85 4.93 5.01 5.08 5.16 5.24 " 5.32 5.40 5.48 H.55H
12 5.63 5.71 5.79 5.87 5.95 6.03 6.11 6.20 6.28 6.36
13 6.44 6.52 6.60 6.68 6.77 6.85 6.93 7.01 7.10 7.18
14 7.26 7.35 7.43 7.51 7.60 7.68 7.77 7.85 7.93 8.02
15 8.10 8.19 8.27 8.36 8.44 8.53 8.61 8.70 8.79 8.87
16 8.96 9.04 9.13 9.22 9.30 9.39 9.48 9.56 9.65 9.74
17 9.82 9.91 10.00 10.09 10.17 10.26 10.35 10.44 10.52 10.61
18 10.70 10.79 10.88 10.97 11.05 11.14 11.23 11.32 11.41 11.50
19 11.59 11.68 11.77 11.86 11.94 12.03 12.12 12.21 12.30 12.39
20 12.48 12.57 12.66 12.75 12.84 12.93 13.02 13.11 13.20 13.30
21 13.39 13.48 13.57 13.66 13.75 13.84 13.93 14.02 14.11 14.20
22 14.30 14.39 14.48 14.57 14.66 14.75 14.84 14.94 15.03 15.12
23 15.21 15.30 15.39 15.49 15.58 15.67 15.76 15.85 15.95 16.04
24 16.13 16.22 16.32 16.41 16.50 16.59 16.69 16.78 16.87 16.96
25 17.06 17.15 17.24 17.34 17.43 17.52 17.62 17.71 17.80 17.89
26 17.99 18.08 18.17 18.27 18.36 18.45 18.565 18.64 18.74 18.83
27 18.92 19.02 19.11 19.20 19.30 19.39 19.49 19.58 19.67 19.77
28 19.86 19.96 20.05 20.14 20.24 20.33 20.43 20.52 20.61 20.71
29 20.80 20.90 20.99 21.09 21.18 21.27 21.37 21.46 21.56 21.65
30 21.75 21.84 21.94 22.03 22.13 22.22 22.32 22.41 2251 22.60
31 22.70 22.79 22.89 22.98 23.08 23.17 23.27 23.36 23.46 23.5b
32 23.65 23.74 23.84 23.93 24.03 24.12 24.22 24.31 24.41 24.50
33 24.60 24.69 24.79 24.89 24.98 25.08 25.17 25.27 25.36 25.46
34 25.55 25.65 25.75 25.84 25.94 26.03 26.13 26.22 26.32 26.42
35 26.51 26.61 26.70 26.80 26.90 26.99 27.09 27.18 27.28 27.38
36 27.47 27.57 27.66 27.76 27.86 27.95 28.05 28.14 28.24 28.34
37 28.43 28.53 28.63 28.72 28.82 28.91 29.01 29.11 29.20 29.30
38 29.40 29.49 29.59 29.68 29.78 29.88 29.97 30.07 30.17 30.26
39 30.36 30.46 30.55 30.65 30.75 30.84 30.94 31.04 31.13 31.23
40 31.33 31.42 31.52 31.62 31.71 31.81 31.91 32.00 32.10 32.20
| . o (Po02s)
Note: Runoff value determined by equation Q =~——"
P+0.8S

11-C-8



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.6. NRCS Rainfall-Runoff Table for CN =55

July 2013

Runoff for inches of rainfall—Curve no. 55

---------------------------------------- Tenths ~--vcmrocc e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
2 0.02 0.02 0.04 0.05 0.07 0.08 0.10 0.12 0.15 0.17
3 0.19 0.22 0.25 0.28 0.31 0.35 0.38 0.42 0.45 0.49
4 0.563 0.57 0.61 0.65 0.70 0.74 0.79 0.83 0.88 0.93
5 0.98 1.03 1.08 1.13 1.19 1.24 1.29 1.35 1.40 1.46
6 1.52 1.58 1.63 1.69 1.75 1.81 1.87 1.94 2.00 2.06
7 2.12 2.19 2.25 2.32 2.38 2.45 2.51 2.58 2.65 2.72
8 2.78 2.85 2.92 2.99 3.06 3.13 3.20 3.27 3.34 3.42
9 3.49 3.56 3.63 3.71 3.78 3.85 3.93 4.00 4.08 4.15
10 4.23 4.30 4.38 4.46 4.53 4.61 4.69 4.76 4.84 4.92
11 5.00 5.08 5.15 5.23 5,31 5.39 5.47 5.55 5.63 5.71
12 5.79 5.87 5.95 6.03 6.12 6.20 6.28 6.36 6.44 6.53
13 6.61 6.69 6.77 6.86 6.94 7.02 7.11 7.19 7.27 7.36
14 7.44 7.53 7.61 7.69 7.78 7.86 7.95 8.03 8.12 8.20
15 8.29 8.38 8.46 8.55 8.63 8.72 8.81 8.89 8.98 9.07
16 9.15 9.24 9.33 9.41 9.50 9.59 9.68 9.76 9.85 9.94
17 10.03 10.11 10.20 10.29 10.38 10.47 10.56 10.64 10.73 10.82
18 10.91 11.00 11.09 11.18 11.27 11.36 11.45 11.53 11.62 11.71
19 11.80 11.89 11.98 12.07 12.16 12.25 12.34 12.43 12.52 12.61
20 12.70 12.80 12.89 12.98 13.07 13.16 13.25 13.34 13.43 13.52
21 13.61 13.70 13.80 13.89 13.98 14.07 14.16 14.25 14.34 14.44
22 14.53 14.62 14.71 14.80 14.90 14.99 15.08 15.17 15.26 15.36
23 15.45 15.54 15.63 15.73 15.82 15.91 16.00 16.10 16.19 16.28
24 16.37 16.47 16.56 16.65 16.75 16.84 16.93 17.03 17.12 17.21
25 17.31 17.40 17.49 17.59 17.68 17.77 17.87 17.96 18.05 18.15
26 18.24 18.33 18.43 18.52 18.62 18.71 18.80 18.90 18.99 19.08
27 19.18 19.27 19.37 19.46 19.56 19.65 19.74 19.84 19.93 20.03
28 20.12 20.22 20.31 20.40 20.50 20.59 20.69 20.78 20.88 20.97
29 21.07 21.16 21.26 21.35 21.45 21.54 21.64 21.73 21.83 21.92
30 22.02 22.11 22.21 22.30 22.40 22.49 22.59 22.68 22.78 22.87
31 22.97 23.06 23.16 23.25 23.35 23.44 23.54 23.63 23.73 23.82
32 23.92 24.02 24.11 24.21 24.30 24.40 24.49 24.59 24.68 24.78
33 24.88 24.97 25.07 25.16 25.26 25.35 25.45 25.55 25.64 25.74
34 25.83 25.93 26.03 26.12 26.22 26.31 26.41 26.51 26.60 26.70
35 26.79 26.89 26.99 27.08 27.18 27.28 27.37 27.47 27.56 27.66
36 27.76 27.85 27.95 28.05 28.14 28.24 28.33 28.43 28.563 28.62
37 28.72 28.82 28.91 29.01 29.11 29.20 29.30 29.40 29.49 29.59
38 29.69 29.78 29.88 29.98 30.07 30.17 30.27 30.36 30.46 30.56
39 30.65 30.75 30.85 30.94 31.04 31.14 31.23 31.33 31.43 31.62
40 31.62 31.72 31.82 31.91 32.01 32.11 32.20 32.30 32.40 32.49
, ‘ (P-o02s)’
Note: Runoff value determined by equation Q = ~—————"
P +0.8S

11-C-9



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.7. NRCS Rainfall-Runoff Table for CN = 56

July 2013

Runoff for inches of rainfall—Curve no. 56

---------------------------------------- Tenths ----ccccmmmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
2 0.02 0.03 0.05 0.06 0.08 0.10 0.12 0.14 0.17 0.19
3 0.22 0.25 0.28 0.31 0.34 0.38 0.42 0.45 0.49 0.53
4 0.57 0.62 0.66 0.70 0.75 0.79 0.84 0.89 0.94 0.99
b 1.04 1.09 1.15 1.20° 1.25 1.31 1.36 1.42 1.48 1.54
6 1.60 1.66 1.72 1.78 1.84 1.90 1.96 2.02 2.09 2.15
7 2.22 2.28 2.35 2.41 2.48 2.5b 2.62 2.68 2.78 2.82
8 2.89 2.96 3.03 3.10 3.17 3.25 3.32 3.39 3.46 3.54
9 3.61 3.68 3.76 3.83 3.91 3.98 4.06 4.13 421 4.28
10 4.36 4.44 4.51 4.59 4.67 4.75 4.83 4.90 4.98 5.06
11 5.14 5.22 5.30 5.38 5.46 5.54 5.62 5.70 5.78 5.86
12 5.95 6.03 6.11 6.19 6.27 6.36 6.44 6.52 6.60 6.69
13 6.77 6.85 6.94 7.02 7.11 7.19 TZT 7.36 7.44 7.53
14 7.61 7.70 7.78 7.87 7.95 8.04 8.13 8.21 8.30 8.38
15 8.47 8.56 8.64 8.73 8.82 8.90 8.99 9.08 9.16 9.25
16 9.34 9.43 9.52 9.60 9.69 9.78 9.87 9.96 10.04 10.13
17 10.22 10.31 10.40 10.49 10.58 10.67 10.75 10.84 10.93 11.02
18 K= 11.20 11.29 11.38 11.47 11.56 11.65 11.74 11.83 11.92
13 12.01 12,10 12.19 12.28 12.37 12.46 12.55 12.65 12.74 . 12.83
20 1292 13.01 13.10 13.19 13.28 13.37 13.47 13.56 13.65 13.74
21 13.83 13.92 14.02 14.11 14.20 14.29 14.38 14.48 14.57 14.66
22 14.75 14.84 14.94 15.03 15.12 15.21 15.31 15.40 15.49 15.58
23 15.68 15.77 15.86 15.96 16.05 16.14 16.24 16.33 16.42 16.51
24 16.61 16.70 16.79 16.89 16.98 17.07 17.17 17.26 17.36 17.45
25 1754 17.64 17.73 17.82 17.92 18.01 18.11 18.20 18.29 18.39
26 18.48 18.58 18.67 18.76 18.86 18.95 19.05 19.14 19.24 19.33
27 19.42 19.52 19.61 19.71 19.80 19.90 19.99 20.09 20.18 20.28
28 2037 2046  20.56  20.65 20.75 20.84 20.94 21.03 21.13 21.22
29 21.32 21.41 21.51 21.60 21.70 21.79 21.89 21.98 22.08 22.18
30 22.27 2237 2246  22.66 22.65 22.75 22.84 22.94 23.03 23.13
31 23.22 23.32 23.42 23.61 23.61 23.70 23.80 23.89 23.99 24.09
32 24.18 24.28 24.37 24.47 24.56 24.66 24.76 24.85 24.95 25.04
33 25.14 25.24 25.33 26.43 25.52 25.62 25.72 25.81 256.91 26.01
34 26.10  26.20 26.20  26.39 26.49 26.58 26.68 26.78 26.87 26.97
35 27.06 27.16 27.26 27.35 27.45 27.565 27.64 27.74 27.84 27.93
36 28.03 28.13 28.22 28.32 28.42 28.51 28.61 28.71 28.80 28.90
37 29.00 29.09 29.19 29.29 20.38 29.48 29.58 29.67 29.77 29.87
38 29.96 30.06 30.16 30.25 30.35 30.45 30.54 30.64 30.74 30.84
39 3093 31.03 31.13 31.22 31.32 31.42 31.51 31.61 31.71 31.81
40 [31.90 32.00 32.10 32.19 32.29 32.39 32.49 32.58 32.68 32.78
2
Note: Runoff value determined by equation @ =w
P+0.8S

11-C-10



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.8. NRCS Rainfall-Runoff Table for CN =57

July 2013

---------------------------------------- Tenths ----vemmmmi e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
2 0.03 0.04 0.06 0.08 0.09 0.12 0.14 0.16 0.19 0.22
3 0.25 0.28 0.31 0.34 0.38 0.42 0.45 0.49 0.563 0.58
4 0.62 0.66 0.71 0.75 0.80 0.85 0.90 0.95 1.00 1.05
5 1.11 1.16 1.21 1.27 1.33 1.38 1.44 1.50 1.56 1.62
6 1.68 1.74 1.80 1.86 1.93 1.99 2.05 2.12 2.18 2.25
7 2.31 2.38 2.45 2.52 2.58 2.65 2.72 2.79 2.86 2.93
8 3.00 3.07 3.15 3.22 3.29 3.36 3.44 3.51 3.59 3.66
9 3.73 3.81 3.88 3.96 4.04 4.11 4.19 4.27 4.34 4.42
10 4.50 4.58 4.65 4.73 4.81 4.89 4.97 5.06 5.13 5.21
11 5.29 5.37 5.45 5.63 5.61 5.69 5.78 5.86 5.94 6.02
12 6.10 6.19 6.27 6.35 6.44 6.52 6.60 6.69 6.77 6.85
13 6.94 7.02 7.11 7.19 7.28 7.36 7.45 7.53 7.62 7.70
14 7.79 7.88 7.96 8.05 8.13 8.22 8.31 8.39 8.48 8.57
15 8.66 8.74 8.83 8.92 9.00 9.09 9.18 9.27 9.36 9.44
16 9.53 9.62 9.71 9.80 9.89 9.98 10.06 10.15 10.24 10.33
17 10.42 10.51 10.60 10.69 10.78 10.87 10.96 11.05 11.14 11.23
18 11.32 11.41 11.50 11.59 11.68 11.77 11.86 11.95 12.04 12.13
19 12.22 12.31 12.41 12.50 12.59 12.68 12.77 12.86 12.95 13.04
20 13.14 13.23 13.32 13.41 13.50 13.59 13.69 13.78 13.87 13.96
21 14.06 14.15 14.24 14.33 14.42 14.52 14.61 14.70 14.79 14.89
22 14.98 15.07 15.17 15.26 15.35 15.44 15.54 15.63 15.72 15.82
23 15.91 16.00 16.10 16.19 16.28 16.38 16.47 16.56 16.66 16.75
24 16.85 16.94 17.03 17.13 17.22 17.31 17.41 17.50 17.60 17.69
25 17.78 17.88 17.97 18.07 18.16 18.25 18.35 18.44 18.54 18.63
26 18.73 18.82 18.92 19.01 19.10 19.20 19.29 19.39 19.48 19.58
27 19.67 19.77 19.86 19.96 20.05 20.15 20.24 20.34 20.43 20.53
28 20.62 20.72 20.81 20.91 21.00 21.10 21.19 21.29 21.38 21.48
29 21.57 21.67 21.77 21.86 21.96 22.05 22.15 22.24 22.34 22.43
30 22.53 22.63 22.72 22.82 22.91 23.01 23.10 23.20 23.30 23.39
31 23.49 23.58 23.68 23.77 23.87 23.97 24.06 24.16 24.25 24.35
32 24.45 24.54 24.64 24.74 24.83 24.93 25.02 25.12 25.22 25.31
33 2541 256.50 25.60 25.70 25.79 25.89 25.99 26.08 26.18 26.28
34 26.37 26.47 26.57 26.66 26.76 26.85 26.95 27.05 27.14 27.24
35 27.34 27.43 27.53 27.63 27.72 27.82 27.92 28.01 28.11 28.21
36 28.30 28.40 28.50 28.59 28.69 28.79 28.89 28.98 29.08 29.18
37 29.27 29.37 29.47 29.56 29.66 29.76 29.85 29.95 30.05 30.15
38 30.24 30.34 30.44 30.53 30.63 30.73 30.83 30.92 31.02 31.12
39 31.21 31.31 31.41 31.51 31.60 31.70 31.80 31.90 31.99 32.09
40 32.19 32.28 32.38 32.48 32.58 32.67 32.77 32.87 32.97 33.06
_ , (P-0.28)’
Note: Runoff value determined by equation @ =——
P+0.8S
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DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.9. NRCS Rainfall-Runoff Table for CN = 58

July 2013

Runoff for inches of rainfall -Curve no. 58

---------------------------------------- Tenths - -=cccmmme e e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03
2 0.04 0.05 0.07 0.09 0.11 0.13 0.16 0.18 0.21 0.24
3 0.27 0.31 0.34 0.38 0.41 0.45 0.49 0.53 0.68 0.62
4 0.67 0.71 0.76 0.81 0.86 0.91 0.96 1.01 1.06 1.11
5 1.17 1.22 1.28 1.34 1.40 1.45 151 1.67 1.63 1.70
6 1.76 1.82 1.88 1.95 2.01 2.08 2.14 2.21 2.27 2.34
7 2.41 2.48 2.55 2.62 2.69 2.76 2.83 2.90 2.97 3.04
8 3.11 3.19 3.26 3.33 3.41 3.48 3.55 3.63 3.70 3.78
9 3.86 3.93 4.01 4.09 4.16 4.24 4.32 4.40 4.47 4.65
10 4.63 4.71 4.79 4.87 4.95 5.03 5.11 5.19 5.27 5.35
11 5.43 5.52 5.60 5.68 5.76 5.84 5.93 1 6.01 6.09 6.17
12 6.26 6.34 6.43 6.51 6.59 6.68 6.76 6.85 6.93 7.02
13 7.10 7.19 7.27 7.36 7.44 7.53 7.62 7.70 7.79 7.87
14 7.96 8.05 8.13 8.22 8.31 8.40 8.48 8.57 8.66 8.75
15 8.83 8.92 9.01 9.10 9.19 9.27 9.36 9.45 9.54 9.63
16 9.72 9.81 9.90 9.98 10.07 10.16 10.25 10.34 10.43 10.52
17 10.61 10.70 10.79 10.88 10.97 11.06 11.15 11.24 11.33 11.42
18 11.52 11.61 11.70 11.79 11.88 11.97 12.06 12.15 12.24 12.33
19 12.43 12.52 12.61 12,70 12.79 12.88 12.98 13.07 13.16 13.25
20 13.34 13.44 13.53 13.62 13.71 13.81 13.90 13.99 14.08 14.18
21 14.27 14.36 14.45 14.55 14.64 14.73 14.83 14.92 15.01 15.10
22 15.20 15.29 15.38 15.48 15.57 15.66 15.76 15.85 15.95 16.04
23 16.13 16.23 16.32 16.41 16.51 16.60 16.70 16.79 16.88 16.98
24 17.07 17.17 17.26 17.35 1745 17.54 17.64 17.73 17.83 17.92
25 18.01 18.11 18.20 18.30 18.39 18.49 18.58 18.68 18.77 18.87
26 18.96 19.06 19.15 19.25 19.34 19.44 19.53 19.63 19.72 19.82
27 19.91 20.01 20.10 20.20 20.29 20.39 20.48 20.568 20.67 20.77
28 20.86 20.96 21.05 21.15 21.25 21.34 21.44 21.53 21.63 21.72
29 21.82 21.91 22.01 22.11 22.20 22.30 22.39 22.49 22.58 22.68
30 22.78 22.87 22.97 23.06 23.16 23.26 23.3b 23.45 23.54 23.64
31 23.74 23.83 23.93 24.03 24.12 24.22 24.31 24.41 24.51 24.60
32 24.70 24.80 24.89 24.99 25.08 25.18 25.28 25.37 26.47 25.57
33 25.66 25.76 25.86 25.95 26.05 26.15 26.24 26.34 26.44 26.53
34 26.63 26.73 26.82 26.92 27.02 27.11 27.21 27.31 27.40 27.50
35 27.60 27.69 27.79 27.89 27.98 28.08 28.18 28.28 28.37 28.47
36 28.57 28.66 28.76 28.86 28.95 29.05 29.15 29.25 29.34 29.44
37 29.54 29.63 29.73 29.83 29.93 30.02 30.12 30.22 30.31 30.41
38 30.51 30.61 30.70 30.80 30.90 31.00 31.09 31.19 31.29 31.38
39 31.48 31.58 31.68 31.77 31.87 31.97 32.07 32.16 32.26 32.36
40 32.46 32.55 32.65 32.75 32.85 32.94 33.04 33.14 33.24 33.33
2
Note: Runoff value determined by equation Q = wﬂ
P+0.8S
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DRAFT Virginia Stormwater Management Handbook, Chapter 11

Runoff for inches of rainfall —Curxrve no. 59

Table 11-C.10. NRCS Rainfall-Runoff Table for CN =59

July 2013

---------------------------------------- Tenths -------mmmmme e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.02 0.03
2 0.05 0.07 0.08 0.11 0.13 0.15 0.18 0.21 0.24 0.27
3 0.30 0.34 0.37 0.41 0.45 0.49 0.53 0.58 0.62 0.67
4 0.71 0.76 0.81 0.86 0.91 0.96 1.01 1.07 1.12 1.18
5 1.23 1.29 1.36 141 1.47 1.53 1.59 1.65 1.71 1.77
6 1.84 1.90 1.97 2.03 2.10 2.17 2.23 2.30 2.37 2.44
7 2.51 2.58 2.65 2.72 2.79 2.86 2.93 3.00 3.08 3.15
8 3.22 3.30 3.37 3.45 3.52 3.60 3.67 3.75 3.82 3.90
9 3.98 4.05 4.13 4.21 4.29 4.37 4.45 4.53 4.60 4.68
10 4.76 4.84 4.92 5.01 5.09 5.17 5.25 5.33 541 5.49
11 5.58 5.66 5.74 5.82 5.91 5.99 6.07 6.16 6.24 6.33
12 6.41 6.50 6.58 6.66 6.75 6.83 6.92 7.01 7.09 7.18
13 7.26 7.35 7.43 7.52 7.61 7.69 7.78 7.87 7.95 8.04
14 8.13 8.22 8.30 8.39 8.48 8.57 8.66 8.74 8.83 8.92
15 9.01 ©9.10 9.19 9.28 9.36 9.45 9.54 9.63 9.72 9.81
16 9.90 9.99 10.08 10.17 10.26 10.35 10.44 10.53 10.62 10.71
17 10.80 10.89 10.98 11.07 11.16 11.25 11.35 11.44 11.53 11.62
18 11.71 11.80 11.89 11.98 12.08 12.17 12.26 12.35 12.44 12.53
19 12.63 12.72 12.81 12.90 13.00 13.09 13.18 13.27 13.36 13.46
20 13.55 13.64 13.74 13.83 13.92 14.01 14.11 14.20 14.29 14.39
21 14.48 14.57 14.67 14.76 14.85 14.95 15.04 15.13 15.23 15.32
22 15.41 15.51 15.60 15.69 15.79 15.88 15.98 16.07 16.16 16.26
23 16.35 16.45 16.54 16.63 16.73 16.82 16.92 17.01 17.11 17.20
24 17.29 17.39 17.48 17.58 17.67 17.77 17.86 17.96 18.05 18.15
25 18.24 18.34 18.43 18.53 18.62 18.72 18.81 18.91 19.00 19.10
26 19.19 19.29 19.38 19.48 19.57 19.67 19.76 19.86 19.95 20.05
27 20.14 20.24 20.33 20.43 20.53 20.62 20.72 20.81 20.91 21.00
28 21.10 21.20 21.29 21.39 21.48 21.58 21.67 21.77 21.87 21.96
29 22.06 22.15 22.25 22.35 22.44 22.54 22.63 22.73 22.83 22.92
30 23.02 23.11 23.21 23.31 23.40 23.50 23.60 23.69 23.79 23.88
31 23.98 24.08 24.17 24.27 24.37 24.46 24.56 24.66 24.75 24.85
32 24.95 25.04 25.14 25.24 25.33 25.43 25.53 25.62 25.72 25.82
33 2591 26.01 26.11 26.20 26.30 26.40 26.49 26.59 26.69 26.78
34 26.88 26.98 27.07 27.17 27.27 27.37 27.46 27.56 27.66 27.75
35 27.85 27.95 28.05 28.14 28.24 28.34 28.43 28.53 28.63 28.73
36 28.82 28.92 29.02 29.11 29.21 29.31 29.41 29.50 29.60 29.70
37 29.79 29.89 29.99 30.09 30.18 30.28 30.38 30.48 30.57 30.67
38 30.77 30.87 30.96 31.06 31.16 31.26 31.35 31.45 31.565 31.65
39 31.74 31.84 31.94 32.04 32.13 32.23 32.33 32.43 32.52 32.62
40 32.72 32.82 32.92 33.01 33.11 33.21 33.31 33.40 33.50 33.60
Note: Runoff value determined by equation Q= (P——02§Z
P+0.8S
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Table 11-C.11. NRCS Rainfall-Runoff Table for CN = 60

July 2013

Runoff for inches of rainfall—Curve no. 60

---------------------------------------- Tenths -----vrmmmmr e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.04
2 0.06 0.08 0.10 0.12 0.15 0.17 0.20 0.23 0.26 0.30
3 0.33 0.37 0.41 0.45 0.49 0.63 0.57 0.62 0.67 0.71
4 0.76 0.81 0.86 0.91 0.97 1.02 1.07 1.13 1.19 1.24
5 1.30 1.36 1.42 1.48 1.564 1.60 1.66 1.73 1.79 1.86
6 1.92 1.99 2.05 2.12 2.19 2.25 2.32 2.39 2.46 2.53
7 2.60 2.67 2.74 2.82 2.89 2.96 3.04 3.11 3.18 3.26
8 3.33 3.41 3.48 3.56 3.63 3.71 3.79 3.87 3.94 4.02
9 4.10 4.18 4.26 4.34 4.42 4.49 4.57 4.65 4.74 4.82
10 4.90 4.98 5.06 5.14 5.22 5.31 5.39 5.47 5.65 5.64
11 5.72 5.80 5.89 5.97 6.05 6.14 6.22 6.31 6.39 6.48
12 6.56 6.65 6.73 6.82 6.90 6.99 7.08 7.16 7.25 7.34
13 7.42 7.51 7.60 7.68 7.77 7.86 7.95 8.03 8.12 8.21
14 8.30 8.38 8.47 8.56 8.65 8.74 8.83 8.92 9.01 9.09
15 9.18 9.27 9.36 9.45 9.54 9.63 9.72 9.81 9.90 9.99
16 10.08 10.17 10.26 10.35 10.44 10.53 10.62 10.71 10.81 10.90
17 10.99 11.08 11.17 11.26 11.35 11.44 11.54 11.63 11.72 11.81
18 11.90 11.99 12.09 12.18 12.27 12.36 12.45 12.55 12.64 12.73
19 12.82 12.92 13.01 13.10 13.19 13.29 13.38 13.47 13.57 13.66
20 13.75 13.85 13.94 14.03 14.12 14.22 14.31 14.40 14.50 14.59
21 14.69 14.78 14.87 14.97 15.06 15.15 15.25 15.34 15.44 15.53
22 15.62 15.72 15.81 15.91 16.00 16.09 16.19 16.28 16.38 16.47
23 16.567 16.66 16.76 16.85 16.94 17.04 17.13 17.23 17.32 17.42
24 17.51 17.61 17.70 17.80 17.89 17.99 18.08 18.18 18.27 18.37
25 18.46 18.56 18.65 18.75 18.84 18.94 19.03 19.13 19.22 19.32
26 19.42 19.51 19.61 19.70 19.80 19.89 19.99 20.08 20.18 20.28
27 20.37 20.47 20.56 20.66 20.76 20.85 20.95 21.04 21.14 21.23
28 21.33 21.43 21.52 21.62 21.71 21.81 21.91 22.00 22.10 22.20
29 22.29 22.39 22.48 22.58 22.68 22.77 22.87 22.97 23.06 23.16
30 23.26 23.35 23.45 23.54 23.64 23.74 23.83 23.93 24.03 24.12
31 24.22 24.32 24.41 24.51 24.61 24.70 24.80 24.90 24.99 25.09
32 25.19 25.28 25.38 25.48 25.57 25.67 25.77 25.87 25.96 26.06
33 26.16 26.25 26.35 26.45 26.54 26.64 26.74 26.84 26.93 27.03
34 27.13 27.22 27.32 27.42 27.52 27.61 27.71 27.81 27.90 28.00
'35 28.10 28.20 28.29 28.39 28.49 28.59 28.68 28.78 28.88 28.97
36 29.07 29.17 29.27 29.36 29.46 29.56 29.66 29.75 29.85 29.95
37 30.05 30.14 30.24 30.34 30.44 30.53 30.63 30.73 30.83 30.92
38 31.02 31.12 31.22 31.32 31.41 31.51 31.61 31.71 31.80 31.90
39 32.00 32.10 32.19 32.29 32.39 32.49 32.59 32.68 32.78 32.88
40 32.98 33.08 33.17 33.27 33.37 33.47 33.56 33.66 33.76 33.86
2
Note: Runoff value determined by equation Q = (;P_O—ZS)
P+0.8S
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Table 11-C.12. NRCS Rainfall-Runoff Table for CN =61
Runoff for inches of rainfall—Curve no. 61
———————————————————————————————————————— Tenths ----comm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.04 0.06
2 0.07 0.09 0.12 0.14 0.17 0.20 0.23 0.26 0.29 0.33
3 0.37 0.40 0.44 0.49 0.53 0.57 0.62 0.67 0.71 0.76
4 0.81 0.86 0.92 0.97 1.02 1.08 1.14 1.19 1.25 1.31
5 1.37 1.43 1.49 1.55 1.62 1.68 1.74 1.81 1.87 1.94
6 2.01 2.07 2.14 2.21 2.28 2.35 2.42 2.49 2.56 2.63
7 2.70 2.78 2.85 2.92 3.00 3.07 3.14 3.22 3.29 3.37
8 3.45 3.52 3.60 3.68 3.75 3.83 3.91 3.99 4.07 4.15
9 4.23 4.31 4.38 4.47 4,55 4.63 4.71 4.79 4.87 4.95
10 5.03 5.12 5.20 5.28 5.36 5.45 5.53 5.61 5.70 5.78
11 5.87 5.95 6.04 6.12 6.20 6.29 6.38 6.46 6.55 6.63
12 6.72 6.80 6.89 6.98 7.06 7.15 7.24 7.32 7.41 7.50
13 7.59 7.67 7.76 7.85 7.94 8.03 8.11 8.20 8.29 8.38
14 8.47 8.56 8.65 8.74 8.82 891 9.00 9.09 9.18 9.27
1B 9.36 9.45 9.54 9.63 9.72 9.81 9.90 9.99 10.08 10.18
16 10.27 10.36 1045 1054  10.63  10.72 10.81 10.90 11.00 11.09
17 11.18 11.27 11.36 11.45 11.56 11.64 11.73 11.82 11.91 12.01
18 12.10  12.19 12.28 12.38  12.47 1256 12.65 12.75 12.84 12.93
19 13.03 13.12 1321 13.30 13.40  13.49 13.58 13.68 13.77 13.86
20 13.96 14.05 14.15 14.24 14.33 14.43 14.52 14.61 14.71 14.80
21 14.90 1499 1508 1518 1527 1537 15.46 15.55 15.65 15.74
22 15.84 15.93 16.03 16.12 16.22 16.31 16.41 16.50 16.59 16.69
23 16.78 16.88 16.97 17.07 17.16 17.26 17.35 17.45 17.54 17.64
24 1773 17.83 1793 18.02 18.12 1821 18.31 18.40 18.50 18.59
25 18.69 18.78 18.88 18.97 19.07  19.17 19.26 19.36 19.45 19.55
26 19.64 19.74 19.84 19.93 20.03 20.12 20.22 20.32 20.41 20.51
27 20.60 20.70 20.80 20.89 20.99 21.08 21.18 21.28 21.37 21.47
28 21,57 21.66 21.76 21.85 21.95 2205 22.14 22.24 22.34 22.43
29 2953 2263 2272 2282 2292  23.01 23.11 23.20 23.30 23.40
30 23.49 23.59 23.69 23.79 23.88 23.98 24.08 24.17 24.27 24.37
31 24.46 24.56 24.66 24.75 24 .85 24.95 25.04 25.14 25.24 25.34
32 92543 9553 2563 25.72 25.82 2592 26.01 26.11 26.21 26.31
33 26.40 26.50 26.60 26.70  26.79  26.89 26.99 27.08 27.18 27.28
34  |27.38 2747 27567 2767 27.77  27.86 27.96 28.06 28.16 28.25
35 2835 2845 2854 2864  28.74  28.84 28.93 29.03 29.13 29.23
36 29.33 29.42 29.52 29.62 29.72 29.81 29.91 30.01 30.11 30.20
I 30.30 30.40 30.50 30.59 30.69 30.79 30.89 30.99 31.08 31.18
38 31.28 31.38 3147 3L57 BL67 38177 31.87 31.96 32.06 32.16
39 83226 3236 9245 3255 3265 8275 32.85 32.94 33.04 33.14
40 33.24 33.34 33.43 33.53 33.63 33.73 33.83 33.92 34.02 34.12
- : (P-0.28)"
Note: Runoff value determined by equation @ =———
P+0.85
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Table 11-C.13. NRCS Rainfall-Runoff Table for CN = 62

July 2013

Runoff for inches of rainfall -Curve no. 62

———————————————————————————————————————— Tenths --------scmmmmmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.03 0.05 0.07
2 0.09 0.11 0.13 0.16 0.19 0.22 0.25 0.29 0.32 0.36
3 0.40 0.44 0.48 0.52 0.57 0.62 0.66 0.71 0.76 0.81
4 0.86 0.92 0.97 1.03 1.08 1.14 1.20 1.26 1.32 1.38
b 1.44 1.50 1.56 1.63 1.69 1.76 1.82 1.89 1.95 2.02
6 2.09 2.16 2.23 2.30 2.37 2.44 .51 2.68 2.65 2.73
7 2.80 2.87 2.95 3.02 3.10 3.17 3.25 3.33 3.40 3.48
8 3.56 3.63 3.71 3.79 3.87 3.95 4.03 4.11 4.19 4.27
9 4.35 4.43 4.51 4.59 4.67 4.75 4.83 4.92 5.00 5.08
10 5.17 5.25 5.33 5.42 5.50 5.68 5.67 5.756 5.84 5.92
11 6.01 6.09 6.18 6.26 6.35 6.43 6.52 6.61 6.69 6.78
12 6.87 6.95 7.04 7.13 7.22 7.30 7.39 7.48 7.57 7.65
13 7.74 7.83 7.92 8.01 8.10 8.19 8.27 8.36 8.45 8.54
14 8.63 8.72 8.81 8.90 8.99 9.08 9.17 9.26 9.36 9.44
15 9.53 9.62 9.71 9.80 9.89 9.99 10.08 10.17 10.26 10.35
16 10.44 10.53 10.62 10.72 10.81 10.90 10.99 11.08 11.18 11.27
17 11.36 11.45 11.54 11.64 11.73 11.82 11.91 12.01 12.10 12.19
18 12.28 12.38  12.47 12.56 12.66 12.75 12.84 12.94 13.03 13.12
19 i13.22 13.31 13.40 13.50 13.59 13.68 13.78 13.87 13.97 14.06
20 14.15 14.25 14.34 14.43 14.53 14.62 14.72 14.81 14.91 15.00
21 15.09 15.19 15.28 15.38 15.47 15.57 15.66 15.76 15.85 15.95
22 16.04 16.14 16.23 16.33 16.42 16.52 16.61 16.71 16.80 16.90
23 16.99 17.09 17.18 17.28 17.37 17.47 17.56 17.66 17.75 17.85
24 17.94 18.04 18.14 18.23 18.33 18.42 18.52 18.61 18.71 18.80
25 18.90 19.00 19.09 19.19 19.28 19.38 19.48 19.57 19.67 19.76
26 19.86 19.96 © 20.06 20.15 20.24 20.34 20.44 20.53 20.63 20.73
27 20.82 20.92 21.01 21.11 21.21 21.30 21.40 21.50 21.59 21.69
28 21.79 21.88 21.98 22.08 22.17 22.27 22.37 22.46 22.56 22.66
29 22.75  22.85 2295 23.04 23.14 23.24 23.33 23.43 23.53 23.62
30 23.72  23.82 2391 2401 24.11 24.21 24.30 24.40 24.50 24.59
31 24.69 24.79 24.88 24.98 25.08 25.18 25.27 25.37 25.47 25.57
32 25.66 25.76 25.86 25.95 26.05 26.15 26.25 26.34 26.44 26.54
33 26.64 26.73 26,83 26.93 27.03 27.12 27.22 27.32 27.41 27.51
34 27.61 2771 27.80  27.90 28.00 28.10 28.20 28.29 28.39 28.49
35 28.59 28.68 28.78 28.88 28.98 29.07 29.17 29.27 29.37 29.46
36 29.56  29.66 29.76  29.86 29.95 30.05 30.15 30.25 30.35 30.44
37 30.564 30.64 30.74 30.83 30.93 31.03 31.13 31.23 31.32 31.42
38 31.52 31.62 21.72 31.81 31.91 32.01 32.11 32.21 32.30 32.40
39 32.50 32.60 32.70 32.79 32.89 32.99 33.09 33.19 33.28 33.38
40 33.48 33.568 33.68 33.78 33.87 33.97 34.07 34.17 34.27 34.36
; _ : (P-0.28)°
Note: Runoff value determined by equation Q=1——"-
P+0.8S
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Table 11-C.14. NRCS Rainfall-Runoff Table for CN = 63

July 2013

---------------------------------------- Tenihs ---ccmceamm s s s e s em s i mamma s
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.04 0.06 0.08
2 0.10 0.13 0.15 0.18 0.21 0.24 0.28 0.31 0.35 0.39
3 0.43 0.48 0.52 0.67 0.61 0.66 0.71 0.76 0.81 0.86
4 0.92 0.97 1.03 1.09 1.14 1.20 1.26 1.32 1.38 1.45
5 1.51 1.57 1.64 1.70 157 1.64 1.90 1.97 2.04 211
6 2.18 2.26 2.32 2.39 2.46 2.53 2.61 2.68 2.75 2.83
i 2.90 2.98 3.05 3.13 3.20 3.28 3.36 3.44 3.51 3.59
8 3.67 .75 3.83 3.91 3.99 4.07 4.15 4.28 4.31 4.39
9 4.47 4.55 4.64 4.72 4.80 4.88 4.97 5.05 5.18 5.22
10 5.30 5.38 5.47 5.55 5.64 5.72 s 981 5.89 5.98 6.07
11 6.15 6.24 6.32 6,41 6.50 6.58 6.67 6.76 6.84 6.93
12 7.02 7.11 7.20 7.28 7.37 7.46 7.55 7.64 T.73 7.81
13 7.90 7.99 8.08 8.17 8.26 8.35 3.44 8.53 8.62 8.71
14 8.80 8.89 8.98 9.07 9.16 9.25 9.34 9.43 9.52 9.61
15 9.71 9.80 9.89 9.98 10.07 10.16 10.25 10.35 10.44 10.53
16 10.62 10.71 10.80 10.90 10.99 11.08 11.17 11.27 11.36 11.45
17 11.54 11.64 11.73 11.82 11.92 12.01 12.10 12.19 12.29 12.38
18 12.47 12.57 12.66 12.75 12.85 12.94 13.04 13.18 13.22 13.82
19 13.41 13.50 13.60 13.69 13.79 13.88 13.97 14.07 14.16 14.26
20 14.35 14.45 14.54 14.63 14.73 14.82 14.92 15.01 1511 15.20
21 15.30 15.39 15.49 15.58 15.68 15.77 15.87 15.96 16.06 16.15
29 16.25 16.34 16.44 16.53 16.63 16.72 16.82 16.91 17.01 17.10
23 17.20 17.30 17.39 17.49 17.58 17.68 17.77 17.87 17.97 18.06
24 18.16 18.25 18.35 18.44 18.54  18.64 18.73 18.83 18.92 19.02
25 19.12 18.21 19.31 19.40 19.50 19.60 19.69 18.79 19.89 19.98
26 20.08 20.17 20.27 20.37 20.46 20.56 20.66 20.75 20.85 20.95
27 21.04 21.14 21.24 21.33 21.43 21.53 21.62 1. T2 21.82 21.91
28 22.01 22.11 22,20 22.80 22.40 22.49 22.59 22.69 22.78 22.88
29 22.98 23.08 23.17 2327 23.37 23.46 23.56 23.66 23.75 23.85
30 23.95 24.05 24,14 24.24 24.84 24.44 24.53 24.63 24.73 24.82
31 24.92 25.02 25,12 25.91 25.31 2541 25.51 25.60 256.70 25.80
32 25.89 25.99 26.09 26.19 26.28 26.38 26.48 26.58 26.67 26.77
33 26.87 26.97 27.07 27.16 27.26 27.36 27.46 27.55 27.65 27.75
34 27.85 27.94 28.04 28.14 28.24 28.34 28.43 28.53 28.63 28.73
35 28.82 28.92 29.02 29.12 29.22 29.31 29.41 29.51 29.61 29.70
36 29.80 29.90 30.00 30.10 30.19 30.29 30.39 30.49 30.59 30.68
37 30.78 30.88 30.98  31.08 31.17 31.27 31.37 31.47 31.67 31.66
38 31.76 31.86 3196  32.06 32.16 32.25 32.35 32.45 32.55 32.65
39 32.74 52.84 3294 33.04 33.14 33.24 33.33 33.43 33.53 33.63
40 33.73 33.83 33.92 34.02 34.12 34.22 34.32 34.42 34.51 34.61
; : (P-028)°
Note: Runoff value determined by eguation @ = ———
P+0.85
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Table 11-C.15. NRCS Rainfall-Runoff Table for CN = 64

July 2013

Runoff for inches of rainfall—Curve no. 64

———————————————————————————————————————— Tenths ------cmmmommi e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.01 0.01 0.02 0.04 0.05 0.07 0.09
2 0.12 0.14 0.17 0.20 0.24 0.27 0.31 0.35 0.39 0.43
3 0.47 0.51 0.56 0.61 0.66 0.71 0.76 0.81 0.86 0.92
4 0.97 1.03 1.09 1.15 1.21 1.27 1.33 1.39 1.45 1.52
5 1.58 1.65 1.71 1.78 1.85 1.92 1.98 2.05 2.12 2.19
6 2.27 2.34 2.41 2.48 2.55 2.63 2.70 2.78 2.85 2.93
7 3.00 3.08 3.16 3.23 3.31 3.39 3.47 3.55 3.62 3.70
8 3.78 3.86 3.94 4.02 4,11 4.19 4.27 4.35 4.43 451
9 4.60 4.68 4.76 4.85 4.93 5.01 5.10 5.18 5.27 5.35
10 5.43 5.52 5.61 5.69 5.78 5.86 5.95 6.03 6.12 6.21
11 6.29 6.38 6.47 6.56 6.64 6.73 6.82 6.91 6.99 7.08
12 7.17 7.26 7.35 7.44 7.53 7.61 7.70 7.79 7.88 7.97
13 8.06 8.15 8.24 8.33 8.42 8.51 8.60 8.69 8.78 8.87
14 8.96 9.05 9.15 9.24 9.33 9.42 9.51 9.60 9.69 9.78
15 9.88 9.97 10.06 10.15 10.24 10.34 10.43 10.52 10.61 10.70
16 10.80 10.89 10.98 11.07 11.17 11.26 11.35 11.45 11.54 11.63
17 11.73 11.82 11.91 12.01 12.10 12.19 12.29 12.38 12.47 12.57
18 12.66 12.75 12.85 12.94 13.04 13.13 13.22 13.32 13.41 13.51
19 13.60 13.69 13.79 13.88 13.98 14.07 14.17 14.26 14.36 14.45
20 14.55 14.64 14.73 14.83 14.92 15.02 15.11 15.21 15.30 15.40
21 15.49 15.59 15.69 15.78 15.88 15.97 16.07 16.16 16.26 16.35
22 16.45 16.54 16.64 16.73 16.83 16.93 17.02 17.12 17.21 17.31
23 17.40 17.50 17.60 17.69 17.79 17.88 17.98 18.08 18.17 18.27
24 18.36 18.46 18.56 18.65 18.75 18.85 18.94 19.04 19.13 19.23
25 19.33 19.42 19.562 19.62 19.71 19.81 19.91 20.00 20.10 20.20
26 20.29 20.39 20.48 20.58 20.68 20.77 20.87 20.97 21.07 21.16
27 21.26 21.36 21.45 21.55 21.65 21.74 21.84 21.94 22.03 22.13
28 22.23 22.32 22.42 22.52 22.62 22.71 22.81 22.91 23.00 23.10
29 23.20 23.30 23.39 23.49 23.59 23.69 23.78 23.88 23.98 24.07
30 24.17 24.27 24.37 24.46 24.56 24.66 24.76 24.85 24.95 25.06
31 25.15 25.24 25.34 25.44 25.54 25.63 25.73 25.83 25.93 26.02
32 26.12 26.22 26.32 26.41 26.51 26.61 26.71 26.81 26.90 27.00
33 27.10 27.20 27.29 27.39 27.49 27.59 27.69 27.78 27.88 27.98
34 28.08 28.17 28.27 28.37 28.47 28.57 28.66 28.76 28.86 28.96
35 29.06 29.15 29.25 29.35 29.45 29.55 290.64 29.74 29.84 29.94
36 30.04 30.13 30.23 30.33 30.43 30.53 30.62 30.72 30.82 30.92
37 31.02 31.12 31.21 31.31 31.41 31.51 31.61 31.70 31.80 31.90
38 32.00 32.10 32.20 32.29 32.39 32.49 32.59 32.69 32.79 32.88
39 32.98 33.08 33.18 33.28 33.38 33.47 33.57 33.67 33.77 33.87
40 33.97 34.06 34.16 34.26 34.36 34.46 34.56 34.65 34.75 34.85
2
Note: Runoff value determined by equation Q = w
P+0.8S
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Table 11-C.16. NRCS Rainfall-Runoff Table for CN = 65

July 2013

---------------------------------------- Tenths ---c--mmmmmr e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.00 0.01 0.02 0.03 0.05 0.06 0.09 0.11
2 0.14 0.16 0.19 0.23 0.26 0.30 0.34 0.38 0.42 0.46
3 0.51 0.55 0.60 0.65 0.70 0.75 0.81 0.86 0.92 0.97
4 1.03 1.09 1.15 1.21 1.27 1.33 1.39 1.46 1.52 1.59
5 1.65 1.72 1.79 1.86 1.93 2.00 2.07 2.14 2.21 2.28
6 2.35 2.43 2.50 2.57 2.65 2.72 2.80 2.87 2.95 3.03
7 3.10 3.18 3.26 3.34 3.42 3.50 3.58 3.66 3.74 3.82
8 3.90 3.98 4.06 4.14 4.22 4.30 4.39 4.47 4.55 4.64
9 4,72 4.80 4.89 4.97 5.06 5.14 5.23 5.31 5.40 5.48
10 5.57 5.65 5.74 5.83 5.91 6.00 6.09 6.17 6.26 6.35
11 6.44 6.52 6.61 6.70 6.79 6.88 6.96 7.05 7.14 7.23
12 7.32 7.41 7.50 7.59 7.68 7.77 7.86 7.95 8.04 8.13
13 8.22 8.31 8.40 8.49 8.58 8.67 8.76 8.85 8.94 9.03
14 9.13 9.22 9.31 9.40 9.49 9.58 9.68 9.77 9.86 9.95
15 10.04 10.14 10.23 10.32 10.41 10.51 10.60 10.69 10.78 10.88
16 10.97 11.06 11.16 11.25 11.34 11.44 11.53 11.62 11.72 11.81
17 11.90 12.00 12.09 12.18 12.28 12.37 12.47 12.56 12.65 12.75
18 12.84 12.94 13.03 13.12 13.22 13.31 13.41 13.50 13.60 13.69
19 13.79 13.88 13.98 14.07 14.17 14.26 14.35 14.45 14.54 14.64
20 14.73 14.83 14.93 15.02 15.12 15.21 15.31 15.40 15.50 15.59
21 15.69 15.78 15.88 15.97 16.07 16.17 16.26 16.36 16.45 16.55
22 16.64 16.74 16.84 16.93 17.03 17.12 17.22 17.32 17.41 17.51
23 17.60 17.70 17.80 17.89 17.99 18.09 18.18 18.28 18.37 18.47
24 18.57 18.66 18.76 18.86 18.95 19.05 19.15 19.24 19.34 19.44
25 19.53 19.63 19.73 19.82 19.92 20.02 20.11 20.21 20.31 20.40
26 20.50 20.60 20.69 20.79 20.89 20.98 21.08 21.18 21.27 21.37
27 21.47 21.57 21.66 21.76 21.86 21.95 22.05 22.15 22.25 22.34
28 22.44 22.54 22.63 22.73 22.83 22.93 23.02 23.12 23.22 23.32
29 23.41 23.51 23.61 23.71 23.80 23.90 24.00 24.10 24.19 24.29
30 24.39 24.49 24.58 24.68 24.78 24.88 24.97 25.07 25.17 2b.27
31 25.36 25.46 25.56 25.66 25.75 25.85 25.95 26.05 26.15 26.24
32 26.34 26.44 26.54 26.63 26.73 26.83 26.93 27.03 27.12 27.22
33 27.32 27.42 27.52 27.61 27.71 27.81 2791 28.01 28.10 28.20
34 28.30 28.40 28.50 28.59 28.69 28.79 28.89 28.99 29.08 29.18
35  ]29.28 29.38 29.48 29.567 29.67 29.77 29.87 29.97 30.07 30.16
36 30.26 30.36 30.46 30.56 30.66 30.75 30.85 30.95 31.05 31.15
37 31.24 31.34 3144 31.54 31.64 31.74 31.83 31.93 32.03 32.13
38 32.23 32.33 32.42 32.52 32.62 32.72 32.82 32.92 33.02 33.11
39 33.21 33.31 33.41 33.51 33.61 33.70 33.80 33.90 34.00 34.10
40 34.20 34.30 34.39 34.49 34.59 34.69 34.79 34.89 34.99 35.08
_ , (P-028)°
Note: Runoff value determined by equation Q = ~—————
P+0.8S
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Table 11-C.17. NRCS Rainfall-Runoff Table for CN = 66

Runoff for inches of rainfall—Curve no. 66

July 2013

---------------------------------------- Tenths --------ommme e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.01 0.01 0.02 0.04 0.06 0.08 0.10 0.13
2 0.15 0.18 0.22 0.25 0.29 0.33 0.37 0.41 0.45 0.50
3 0.55 0.59 0.64 0.69 0.75 0.80 0.86 0.91 0.97 1.03
4 1.09 1.15 1.21 1.27 1.33 1.40 1.46 1.53 1.59 1.66
5 1.73 1.80 1.87 1.94 2.01 2.08 2.15 2.22 2.29 2.37
6 2.44 2.52 2.59 2.67 2.74 2.82 2.89 2.97 3.05 3.13
7 3.21 3.28 3.36 3.44 3.52 3.60 3.68 3.76 3.85 3.93
8 4.01 4.09 4.17 4.26 4.34 4.42 4.51 4.59 4.67 4.76
9 4.84 4.93 5.01 5.10 5.18 5.27 5.35 5.44 5.53 5.61
10 5.70 5.79 5.87 5.96 6.05 6.13 6.22 6.31 6.40 6.49
11 6.57 6.66 6.75 6.84 6.93 7.02 7.11 7.20 7.29 7.38
12 7.47 7.56 7.65 7.74 7.83 7.92 8.01 8.10 8.19 8.28
13 8.37 8.46 8.55 8.64 8.73 8.83 8.92 9.01 9.10 9.19
14 9.28 9.38 9.47 9.56 9.65 9.74 9.84 9.93 10.02 10.11
15 10.21 10.30 10.39 10.49 10.58 10.67 10.76 10.86 10.95 11.04
16 11.14 11.23 11.33 11.42 11.51 11.61 11.70 11.79 11.89 11.98
17 12.08 12.17 12.26 12.36 12.45 12.55 12.64 12.74 12.83 12.92
18 13.02 13.11 13.21 13.30 13.40 13.49 13.59 13.68 13.78 13.87
19 13.97 14.06 14.16 14.25 14.35 14.44 14.54 14.63 14.73 14.82
20 14.92 15.02 15.11 15.21 15.30 15.40 15.49 15.59 15.68 15.78
21 15.88 15.97 16.07 16.16 16.26 16.36 16.45 16.55 16.64 16.74
22 16.84 16.93 17.03 17.12 17.22 17.32 17.41 17.51 17.61 17.70
23 17.80 17.89 17.99 18.09 18.18 18.28 18.38 18.47 18.57 18.67
24 18.76 18.86 18.96 19.05 19.15 19.25 19.34 19.44 19.54 19.63
25 19.73 19.83 19.92 20.02 20.12 20.22 20.31 20.41 20.51 20.60
26 20.70 20.80 20.89 20.99 21.09 21.19 21.28 21.38 21.48 21.58
27 21.67 21.77 21.87 21.96 22.06 22.16 22.26 22.35 22.45 22.55
28 22.65 22.74 22.84 22.94 23.04 23.13 23.23 23.33 23.43 23.52
29 23.62 23.72 23.82 23.91 24.01 24.11 24.21 24.30 24.40 24.50
30 24.60 24.70 24.79 24.89 24.99 25.09 25.18 25.28 25.38 25.48
31 25.58 25.67 25.77 25.87 25.97 26.06 26.16 26.26 26.36 26.46
32 26.55 26.65 26.75 26.85 26.95 27.04 27.14 27.24 27.34 27.44
33 27.53 27.63 27.73 27.83 27.93 28.03 28.12 28.22 28.32 28.42
34 28.52 28.61 28.71 28.81 28.91 29.01 29.10 29.20 29.30 29.40
35 29.50 29.60 29.69 29.79 29.89 29.99 30.09 30.19 30.28 30.38
36 30.48 30.58 30.68 30.78 30.87 30.97 31.07 31.17 31.27 31.37
37 31.47 31.56 31.66 31.76 31.86 31.96 32.06 32.15 32.25 32.35
38 32.45 32.55 32.65 32.75 32.84 32.94 33.04 33.14 33.24 33.34
39 33.44 33.53 33.63 33.73 33.83 33.93 34.03 34.13 34.22 34.32
40 34.42 34.52 34.62 34.72 34.82 34.91 35.01 35.11 35.21 35.31
2
Note: Runoff value determined by equation Q= m
P+0.8S
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Table 11-C.18. NRCS Rainfall-Runoff Table for CN = 67
Runoff for inches of rainfall—Curve no. 67
---------------------------------------- Tenths - - omvmm e e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.00 0.01 0.02 0.03 0.05 0.07 0.09 0.12 0.14
2 0.17 0.21 0.24 0.28 0.32 0.36 0.40 0.44 0.49 0.54
3 0.59 0.64 0.69 0.74 0.80 0.85 0.91 0.97 1.08 1.09
4 1.15 1.21 1.27 1.34 1.40 1.47 1.53 1.60 1.67 1.74
5 1.80 1.87 1.95 2.02 2.09 2.16 2.23 2.31 2.38 2.46
6 2.53 2.61 2.68 2.76 2.84 2.92 2.99 3.07 3.15 3.23
7 3.31 3.39 3.47 3.55 3.63 3.71 3.79 3.88 3.96 4.04
8 4.12 4.21 4.29 4.37 4.46 4.54 4.63 4.71 4.80 4.88
9 4.97 5.05 5.14 5.22 5.31 5.40 5.48 5.57 5.66 5.75
10 5.83 5.92 6.01 6.10 6.18 6.27 6.36 6.45 6.54 6.63
11 6.72 6.81 6.90 6.98 7.07 7.16 7.25 7.34 7.43 7.52
12 7.61 7.71 7.80 7.89 7.98 8.07 8.16 8.25 8.34 8.43
13 8.53 8.62 8.71 8.80 8.89 8.98 9.08 9.17 9.26 9.35
14 9.45 9.54 9.63 9.72 9.82 9.91 10.00 10.09 10.19 10.28
15 10.37  10.47 1056  10.65  10.75  10.84 10.94 11.03 11.12 11.22
16 11.31 11.40 1150 11.59  11.69  11.78 11.87 11.97 12.06 12.16
17 12.25 1235 1244 1254 1263  12.73 12.82 12.91 13.01 13.10
18 1320 1329 13.39 13.48  13.58  13.67 13.77 13.87 13.96 14.06
19 14.15  14.25 14.34 1444 1453  14.63 14.72 14.82 14.92 15.01
20 15.11 1520 1530 1539 1549  15.59 15.68 15.78 15.87 15.97
21 16.07 16.16 1626 16.36  16.45  16.55 16.64 16.74 16.84 16.93
22 17.03  17.13 1722 17.32 1742  17.51 17.61 17.70 17.80 17.90
23 1799 18.09 18.19 1828  18.38  18.48 18.58 18.67 18.77 18.87
24 18.96  19.06 19.16 19.25  19.35  19.45 19.54 19.64 19.74 19.84
25 19.93  20.03 20.13  20.22  20.32  20.42 20.52 20.61 20.71 20.81
26 20.90 21.00 21.10 21.20  21.29  21.39 21.49 21.59 21.68 21.78
27 21.88 21.98 22.07 2217 2227  22.37 22.46 22.56 22.66 22.76
28 22.85 22.95 23.05 23.15 2324  23.34 23.44 23.54 23.64 23.73
29 23.83 2393 24.03 24.12  24.22  24.32 24.42 24.52 24.61 24.71
30 24.81 2491 2501 2510 2520  25.30 25.40 25.49 25.59 25.69
31 2579 25.89 2598 26.08  26.18  26.28 26.38 26.48 26.57 26.67
32 26.77 26.87 26.97 27.06 27.16  27.26 27.36 27.46 27.55 27.65
33 27.75 27.85 2795 28.05  28.14  28.24 28.34 28.44 28.54 28.64
34 28.73  28.83 2893 20.03  29.13  29.23 29.32 29.42 29.52 29.62
35 29.72  29.82 2991 30.01 30.11  30.21 30.31 30.41 30.51 30.60
36 30.70 80.80 30.90 31.00 31.10  31.19 31.29 31.39 31.49 31.59
37 31.69 81.79 31.88 3198 32.08 32.18 32.28 32.38 32.48 32.57
38 32.67 32.77 32.87 3297  33.07  33.17 33.27 33.36 33.46 33.56
39 33.66 33.76 33.86 3396  34.05 34.15 34.25 34.35 34.45 34.55
40 34.65 34.75 3484 3494 3504 35.14 35.24 35.34 35.44 35.54
, , (P-02s)
Note: Runoff value determined by equation @ =-——-——
P+0.85
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Table 11-C.19. NRCS Rainfall-Runoff Table for CN = 68

July 2013

Runoff for inches of rainfall—Curve no. 68

———————————————————————————————————————— Tenths -----rmem o
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.01 0.01 0.03 0.04 0.06 0.08 0.11 0.13 0.16
2 0.20 0.23 0.27 0.31 0.35 0.39 0.43 0.48 0.53 0.58
3 0.63 0.68 0.73 0.79 0.85 0.90 0.96 1.02 1.08 1.14
4 1.21 1.27 1.34 1.40 1.47 1.53 1.60 1.67 1.74 1.81
5 1.88 1.95 2.03 2.10 2.17 2.25 2.32 2.40 2.47 2.65
6 2.62 2.70 2.78 2.86 2.93 3.01 3.09 3.17 3.25 3.33
7 3.41 3.49 3.58 3.66 3.74 3.82 3.90 3.99 4.07 4.15
8 4.24 4.32 4.41 4.49 4.58 4.66 4.75 4.83 4.92 5.00
9 5.09 5.18 5.26 5.35 5.44 5.53 5.61 5.70 5.79 5.88
10 5.97 6.05 6.14 6.23 6.32 6.41 6.50 6.59 6.68 6.77
11 6.86 6.95 7.04 7.13 7.22 7.31 7.40 7.49 7.58 7.67
12 7.76 7.85 7.94 8.04 8.13 8.22 8.31 8.40 8.49 8.59
13 8.68 8.77 8.86 8.95 9.05 9.14 9.23 9.33 9.42 9.51
14 9.60 9.70 9.79 9.88 9.98 10.07 10.16 10.26 10.35 10.44
15 10.54 10.63 10.73 10.82 10.91 11.01 11.10 11.20 11.29 11.38
16 11.48 11.57 11.67 11.76 11.86 11.95 12.04 12.14 12.23 12.33
17 12.42 12.52 12.61 12.71 12.80 12.90 12.99 13.09 13.18 13.28
18 13.38 13.47 13.57 13.66 13.76 13.85 13.95 14.04 14.14 14.23
19 14.33 14.43 14.52 14.62 14.71 14.81 14.91 15.00 15.10 15.19
20 15.29 15.39 15.48 15.58 15.67 15.77 15.87 15.96 16.06 16.16
21 16.25 16.35 16.45 16.54 16.64 16.73 16.83 16.93 17.02 17.12
22 17.22 17.31 17.41 17.51 17.60 17.70 17.80 17.89 17.99 18.09
23 18.19 18.28 18.38 18.48 18.57 18.67 18.77 18.86 18.96 19.06
24 19.16 19.25 19.35 19.45 19.54 19.64 19.74 19.84 19.93 20.03
25 20.13 20.23 20.32 20.42 20.52 20.61 20.71 20.81 20.91 21.00
26 21.10 21.20 21.30 21.39 21.49 21.59 21.69 21.79 21.88 21.98
27 22.08 22.18 22.27 22.37 22.47 22.57 22.66 22.76 22.86 22.96
28 23.06 23.15 23.25 23.35 23.45 23.54 23.64 23.74 23.84 23.94
29 24.03 24.13 24.23 24.33 24.43 24.52 24.62 24.72 24.82 24.92
30 25.01 25.11 25.21 25.31 25.41 25.50 25.60 25.70 25.80 25.90
31 26.00 26.09 26.19 26.29 26.39 26.49 26.58 26.68 26.78 26.88
32 26.98 27.08 27.17 27.27 27.37 27.47 27.57 27.67 27.76 27.86
33 27.96 28.06 28.16 28.26 28.35 28.45 28.55 28.65 28.75 28.85
34 28.95 29.04 29.14 29.24 29.34 29.44 29.54 29.63 29.73 29.83
35 29.93 30.03 30.13 30.23 30.32 30.42 30.52 30.62 30.72 30.82
36 30.92 31.01 31.11 31.21 31.31 31.41 31.51 31.61 31.70 31.80
37 31.90 32.00 32.10 32.20 32.30 32.40 32.49 32.59 32.69 32.79
38 32.89 32.99 33.09 33.19 33.28 33.38 33.48 33.58 33.68 33.78
39 33.88 33.98 34.07 34.17 34.27 34.37 34.47 34.57 34.67 34.77
40 34.86 34.96 35.06 35.16 35.26 35.36 35.46 35.56 35.66 35.75
- on oo (P-025)
Note: Runoff value determined by equation Q =-———
P+0.8S
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Table 11-C.20. NRCS Rainfall-Runoff Table for CN = 69

July 2013

Runoff for inches of rainfall—Curve no. 69
_________________________________________ Tenths .._”‘_..__.._-_..,_...-....-.---_________.____--_
Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0
d 0.00 0.01 0.02 0.08 0.05 0.07 0.09 0.12 0.15 0.18
2 0.22 0.25 0.29 0.33 0.38 0.42 0.47 0.52 0.57 0.62
3 0.67 0.72 0.78 0.84 0.90 0.95 1.02 1.08 1.14 1.20
4 1.27 138 1.40 1.47 1.53 1.60 1.67 1.74 1.81 1.89
b 1.96 2.03 2.11 2.18 2.26 2.33 D41 2.48 2.56 2.64
6 2.71 2.79 2.87 2.95 3.03 3.11 3.19 327 3.35 343
7 3.52 3.60 3.68 3.76 3.86 3.93 4.01 4,10 4,18 427
8 4.35 4.44 4.52 4.61 4.69 4.78 4.87 4.95 5.04 5.13
9 5.21 5.30 5.39 5.48 5.56 5.65 5.74 5.83 5.92 6.01
10 6.10 6.18 6.27 6.36 6.45 6.54 « 6,63 6.72 6.81 6.90
11 6.99 7.08 T T.2% 7.36 7.45 T.5b4 7.63 7.72 7.81
12 7.90 8.00 8.09 8.18 8.27 8.36 8.46 8.55 8.64 B8.73
13 8.83 8.92 9.01 9.11 9.20 8.20 9.38 9.48 9.57 0.66
14 9.76 9.85 9.95 10.04 10.13 10.23 10.32 10.41 10.51 10.60
15 10.70 10.79 10.88 10.98 11.07 11.17 11.26 11.36 11.45 11.56
16 11.64 11.74 11.83 11.93 12.02 12.12 12.21 12.31 12.40 12.50
17 12.59 12.69 12.78 12.88 12.97 13.07 13.16 13.26 13.35 13.45
18 13.55 13.64 18.74 13.83 13.93 14.02 14.12 14.22 14.31 14.41
19 14.50 14.60 14.70 14.79 14.89 14.99 15.08 15.18 15.27 1537
20 1547 15.56 15.66 15.76 15.85 15.95 16.05 16.14 16.24 16.34
21 16.43 16.58 16.63 16.72 16.82 16.92 17.01 17.11 17.21 17.80
22 17.40 17.50 17.59 17.69 17.79 17.88 17.98 18.08 18.18 18.27
23 18.37 18.47 18.56 18.66 18.76 18.86 18.95 19.05 19.15 18285 -
24 19.34 19.44 19.54 19.63 19.73 19.83 19.93 20.02 20.12 20.22
25 20.32 20.41 20.51 20.61 20.71 20.80 20.90 21.00 21.10 21.20
26 21.29 21.39 21.49  21.59 21.68 21.78 21.88 21.98 22.08 22.17
27 gR2T 2237 2247 22.56 22.66 22.76 22.86 22.96 . 23.06 23.15
28 2826 2885 23.45 23.54 23.64 23.74 23.84 23.94 24.03 24.13
29 2423 2433 2443 24.52 24.62 24.72 24.82 24.92 25.02 25.11
30 26.21 2531 25.41 25.561 25.61 25.70 25.80 25.90 26.00 26.10
31 26.19 26.29 26.39 - 26.49 26.59 26.69 26.78 26.88 26.98 27.08
32 27.18 27.28 27.38 2747 25 27.67 2TTT 27.87 27.97 28.06
33 28.16 28.26 28.36 28.46 28.56 28.66 28.75 28.85 28.95 29.05
34 29.15 29.26 29356 20.44 29,54 29.64 29.74 20.84 29,94 30.04
35 30.13  30.23 30,83 30.43 30.63 30.63 30.73 30.83 30.92 31.02
36 31.12 3182 SL32 31.42 31.52 31.61 31.71 31.81 31.91 32.01
37 32.11 82321 3231 32.41 32.50 32.60 32.70 32.80 32.90 33.00
38 33.10 383.20 33.29 33.39 33.49 33.59 33.69 33.79 33.89 33.99
39 34.09  34.18 34.28 34.38 34.48 34.58 34.68 34.78 34.88 34.98
40 8507 851% B52F BLBY 35.47 35.67 36.67 BE.TT 35.87 36.97
SO _ - (p-028)°
Note: Runeff value determined by equation € = Fr08s
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Table 11-C.21. NRCS Rainfall-Runoff Table for CN =70

July 2013

Curve

Runoff for inches of rainfall—Curxve no. 70

---------------------------------------- Tenths ~----mmocmmmr e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0
1 0.00 0.01 0.03 0.04 0.06 0.08 0.11 0.14 0.17 0.20
2 0.24 0.28 0.32 0.36 0.41 0.46 0.50 0.56 0.61 0.66
3 0.72 0.77 0.83 0.89 0.95 1.01 1.07 1.14 1.20 1.27
4 1.33 1.40 1.47 1.54 1.61 1.68 1.75 1.82 1.89 1.96
5 2.04 2.11 2.19 2.26 2.34 2.42 2.49 2.57 2.65 2.73
6 2.81 2.89 2.97 3.05 3.13 3.21 3.29 3.37 3.46 3.54
7 3.62 3.70 3.79 3.87 3.96 4.04 4.13 4.21 4.30 4.38
8 4.47 4.55 4.64 4.73 4.81 4.90 4.99 5.07 5.16 5.25
9 5.34 5.43 5.52 5.60 5.69 5.78 5.87 5.96 6.05 6.14
10 6.23 6.32 6.41 6.50 6.569 6.68 6.77 6.86 6.95 7.04
11 7.13 7.23 7.32 7.41 7.50 7.59 7.68 7.78 7.87 7.96
12 8.05 8.14 8.24 8.33 8.42 8.51 8.61 8.70 8.79 8.89
13 8.98 9.07 9.17 9.26 9.35 9.45 9.54 9.63 9.73 9.82
14 9.92 10.01 10.10 10.20 10.29 10.39 10.48 10.57 10.67 10.76
15 10.86 10.95 11.05 11.14 11.24 11.33 11.43 11.52 11.62 11.71
16 11.81 11.90 12.00 12.09 12.19 12.28 12.38 12.47 12.57 12.67
17 12.76 12.86 12.95 13.05 13.14 13.24 13.34 13.43 13.53 13.62
18 13.72 13.82 13.91 14.01 14.10 14.20 14.30 14.39 14.49 14.58
19 14.68 14.78 14.87 14.97 15.07 15.16 15.26 15.36 15.45 15.55
20 15.65 15.74 15.84 15.94 16.03 16.13 16.23 16.32 16.42 16.52
21 16.61 16.71 16.81 16.90 17.00 17.10 17.20 17.29 17.39 17.49
22 17.58 17.68 17.78 17.88 17.97 18.07 18.17 18.27 18.36 18.46
23 18.56 18.65 18.75 18.85 18.95 19.04 19.14 19.24 19.54 19.43
24 19.53 19.63 19.73 19.82 19.92 20.02 20.12 20.22 20.31 20.41
25 20.51 20.61 20.70 20.80 20.90 21.00 21.10 21.19 21.29 21.39
26 21.49 21.58 21.68 21.78 21.88 21.98 22.07 22.17 22.27 22.37
27 22.47 22.56 22.66 22.76 22.86 22.96 23.056 23.15 23.25 23.35
28 23.45 23.55 23.64 23.74 23.84 23.94 24.04 24.13 24.23 24.33
29 24.43 24.53 24.63 24.72 24.82 24.92 25.02 25.12 25.22 2531
30 25.41 25.51 25.61 25.71 25.81 25.90 26.00 26.10 26.20 26.30
31 26.40 26.49 26.59 26.69 26.79 26.89 26.99 27.09 27.18 27.28
32 27.38 27.48 27.58 27.68 27.78 27.87 27.97 28.07 28.17 28.27
33 28.37 28.47 28.56 28.66 28.76 28.86 28.96 29.06 29.16 29.256
34 29.35 29.45 29.55 29.65 29.75 29.85 29.95 30.04 30.14 30.24
35 30.34 30.44 30.54  30.64 30.74 30.83 30.93 31.03 31.13 31.23
36 31.33 31.43 31.63 31.63 31.72 31.82 31.92 32.02 32.12 32.22
37 32.32 32.42 32.51 32.61 32.71 32.81 32.91 33.01 33.11 33.21
38 33.31 33.41 33.50 33.60 33.70 33.80 33.90 34.00 34.10 34.20
39 34.30 34.39 34.49 34.59 34.69 34.79 34.89 34.99 35.09 35.19
40 35.29 35.38 35.48 35.58 35.68 35.78 35.88 35.98 36.08 36.18
2
Note: Runoff value determined by equation Q = —(E—_—O—?-Sl—
P+0.8S

11-C-24



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.22. NRCS Rainfall-Runoff Table for CN =71

July 2013

---------------------------------------- Tenths -----cemo e

Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00
1 0.01 0.02 0.03 0.05 0.07 0.10 0.13 0.16 0.19 0.23
2 0.27 0.31 0.356 0.40 0.44 0.49 0.54 0.60 0.65 0.70
3 0.76 0.82 0.88 0.94 1.00 1.07 1.13 1.19 1.26 1.33
4 1.40 1.46 1.53 1.60 1.68 1.75 1.82 1.89 1.97 2.04
5 2.12 2.19 2.27 2.35 2.43 2.50 2.58 2.66 2.74 2.82
6 2.90 2.98 3.06 3.14 3.23 3.31 3.39 3.47 3.56 3.64
7 3.73 3.81 3.89 3.98 4.06 4.15 4.24 4.32 4.41 4.50
8 4.58 4.67 4.76 4.84 4.93 5.02 5.11 5.20 5.28 5.37
9 5.46 5.55 5.64 5.73 5.82 591 6.00 6.09 6.18 6.27
10 6.36 6.45 6.54 6.63 6.72 6.81 6.90 7.00 7.09 7.18
11 7.27 7.36 7.45 7.55 7.64 7.73 7.82 7.92 8.01 8.10
12 8.19 8.29 8.38 8.47 8.57 8.66 8.75 8.85 8.94 9.03
13 9.13 9.22 9.32 9.41 9.50 9.60 9.69 9.79 9.88 9.97
14 10.07 10.16 10.26 10.35 10.45 10.54 10.64 10.73 10.83 10.92
15 11.02 11.11 11.21 11.30 11.40 11.49 11.59 11.68 11.78 11.87
16 11.97 12.06 12.16 12.25 12.35 12.45 12.54 12.64 12.73 12.83
17 12.93 13.02 13.12 13.21 13.31 13.41 13.50 13.60 13.69 13.79
18 13.89 13.98 14.08 14.18 14.27 14.37 14.47 14.56 14.66 14.76
19 14.85 14.95 15.05 15.14 15.24 15.34 15.43 15.53 15.63 15.72
20 15.82 15.92 16.01 16.11 16.21 16.30 16.40 16.50 16.60 16.69
21 16.79 16.89 16.98 17.08 17.18 17.28 17.37 17.47 17.67 17.67
22 17.76 17.86 17.96 18.06 18.15 18.25 18.35 18.45 18.54 18.64
23 18.74 18.84 18.93 19.03 19.13 19.23 19.32 19.42 19.52 19.62
24 19.71 19.81 19.91 20.01 20.11 20.20 20.30 20.40 20.50 20.60
25 20.69 20.79 20.89 20.99 21.08 21.18 21.28 21.38 21.48 21.57
26 21.67 21.77 21.87 21.97 22.07 22.16 22.26 22.36 22.46 22.56
27 22.65 22.75 22.85 22.95 23.05 23.15 23.24 23.34 23.44 23.54
28 23.64 23.73 23.83 23.93 24.03 24.13 24.23 24.32 24.42 24.52
29 24.62 24.72 24.82 24.92 25.01 25.11 25.21 25.31 25.41 25.51
30 25.60 25.70 25.80 25.90 26.00 26.10 26.20 26.29 26.39 26.49
31 26.59 26.69 26.79 26.89 26.98 27.08 27.18 27.28 27.38 27.48
32 27.58 27.67 27.77 27.87 27.97 28.07 28.17 28.27 28.37 28.46
33 28.56 28.66 28.76 28.86 28.96 29.06 29.16 29.25 29.35 29.45
34 29.55 29.65 29.75 29.85 29.95 30.04 30.14 30.24 30.34 30.44
35 30.54 30.64 30.74 30.84 30.93 31.03 31.13 31.23 31.33 31.43
36 31.53 31.63 31.73 31.82 31.92 32.02 32.12 32.22 32.32 32.42
37 32.52 32.62 32.72 32.81 32.91 33.01 33.11 33.21 33.31 33.41
38 33.51 33.61 33.71 33.80 33.90 34.00 34.10 34.20 34.30 34.40
39 34.50 34.60 34.70 34.80 34.89 34.99 35.09 35.19 35.29 35.39
40 35.49 35.59 35.69 35.79 35.89 35.98 36.08 36.18 36.28 36.38

, . (P-o02s)’
Note: Runoff value determined by equation Q = ~——'—~
P+0.8S

11-C-25



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.23. NRCS Rainfall-Runoff Table for CN =72

Runoff for inches of rainfall—Curve no. 72

July 2013

---------------------------------------- Tenths ----------mmmmr e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00
1 0.01 0.02 0.04 0.06 0.09 0.11 0.14 0.18 0.21 0.25
2 0.29 0.34 0.38 0.43 0.48 0.53 0.58 0.64 0.69 0.75
3 0.81 0.87 0.93 0.99 1.06 1.12 1.19 1.25 1.32 1.39
4 1.46 1.53 1.60 1.67 1.75 1.82 1.89 1.97 2.04 2.12
5 2.20 2.27 2.35 2.43 2.51 2.59 2.67 2.75 2.83 2.91
6 2.99 3.07 3.16 3.24 3.32 3.41 3.49 3.57 3.66 3.74
7 3.83 3.91 4.00 4.09 4,17 4.26 4.34 4.43 4.52 4.61
8 4.69 4.78 4.87 4.96 5.05 5.14 5.22 5.31 5.40 5.49
9 5.58 5.67 5.76 5.85 5.94 6.03 6.12 6.21 6.30 6.39
10 6.49 6.58 6.67 6.76 6.85 6.94 7.04 7.13 7.22 7.31
11 7.40 7.50 7.59 7.68 7.77 7.87 7.96 8.05 8.15 8.24
12 8.33 8.43 8.52 8.61 8.71 8.80 8.90 8.99 9.08 9.18
13 9.27 9.37 9.46 9.55 9.65 9.74 9.84 9.93 10.03 10.12
14 10.22 10.31 10.41 10.50 10.60 10.69 10.79 10.88 10.98 11.07
15 11.17 11.26 11.36 11.45 11.55 11.65 11.74 11.84 11.93 12.03
16 12.12 12.22 12.32 12.41 12.51 12.60 12.70 12.80 12.89 12.99
17 13.08 13.18 13.28 13.37 13.47 13.57 13.66 13.76 13.86 13.95
18 14.05 14.15 14.24 14.34 14.44 14.53 14.63 14.73 14.82 14.92
19 15.02 15.11 15.21 15.31 15.40 15.50 15.60 15.70 15.79 15.89
20 15.99 16.08 16.18 16.28 16.38 16.47 16.57 16.67 16.76 16.86
21 16.96 17.06 17.15 17.25 17.35 17.45 17.54 17.64 17.74 17.84
22 17.93 18.03 18.13 18.23 18.33 18.42 18.52 18.62 18.72 18.81
23 18.91 19.01 19.11 19.20 19.30 19.40 19.50 19.60 19.69 19.79
24 19.89 19.99 20.09 20.18 20.28 20.38 20.48 20.58 20.67 20.77
25 20.87 20.97 21.07 21.16 21.26 21.36 21.46 21.56 21.66 21.75
26 21.85 21.95 22.05 22.15 22.24 22.34 22.44 22.54 22.64 22.74
27 22.83 22.93 23.03 23.13 23.23 23.33 23.42 23.52 23.62 23.72
28 23.82 23.92 24.02 24.11 24.21 24.31 24.41 24.51 24.61 24.70
29 24.80 24.90 25.00 25.10 25.20 25.30 25.39 25.49 25.59 25.69
30 25.79 25.89 25.99 26.08 26.18 26.28 26.38 26.48 26.58 26.68
31 26.78 26.87 26.97 27.07 27.17 27.27 27.37 27.47 27.57 27.66
32 27.76 27.86 27.96 28.06 28.16 28.26 28.36 28.45 28.55 28.65
33 28.75 28.85 28.95 29.05 29.15 29.25 29.34 29.44 29.54 29.64
34 29.74 29.84 29.94 30.04 30.14 30.23 30.33 30.43 30.53 30.63
35 30.73 30.83 30.93 31.03 31.12 31.22 31.32 31.42 31.52 31.62
36 31.72 31.82 31.92 32.02 32.11 32.21 32.31 32.41 32.51 32.61
37 32.71 32.81 32.91 33.01 33.11 33.20 33.30 33.40 33.50 33.60
38 33.70 33.80 33.90 34.00 34.10 34.20 34.29 34.39 34.49 34.59
39 34.69 34.79 34.89 34.99 35.09 35.19 35.29 35.39 35.48 35.58
40 35.68 35.78 35.88 35.98 36.08 36.18 36.28 36.38 36.48 36.58
2
Note: Runoff value determined by equation Q= m
P+0.8S

11-C-26



DRAFT Virginia Stormwater Management Handbook, Chapter 11 July 2013

Table 11-C.24. NRCS Rainfall-Runoff Table for CN =73

---------------------------------------- Tenths -----cummm e

Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
1 0.02 0.03 0.05 0.07 0.10 0.13 0.16 0.20 0.24 0.28
2 0.32 0.37 0.41 0.46 0.51 0.57 0.62 0.68 0.74 0.80
3 0.86 0.92 0.98 1.05 1.11 1.18 1.25 1.32 1.39 1.46
4 1.53 1.60 1.67 1.75 1.82 1.90 1.97 2.05 2.12 2.20
5 2.28 2.36 2.44 2.52 2.60 2.68 2.76 2.84 2.92 3.01
6 3.09 3.17 3.25 3.34 3.42 3.51 3.59 3.68 3.76 3.85
7 3.93 4.02 4,11 4.19 4.28 4.37 4.46 4.54 4.63 4.72
8 481 4.90 4.99 5.08 5,17 5.25 5.34 5.43 5.52 5.61
9 5.70 5.80 5.89 5.98 6.07 6.16 6.25 6.34 6.43 6.52
10 6.62 6.71 6.80 6.89 6.98 7.08 7.17 7.26 7.35 7.45
11 7.54 7.63 7.73 7.82 7.91 8.01 8.10 8.19 8.29 8.38
12 8.48 8.57 8.66 8.76 8.85 8.95 9.04 9.13 9.23 9.32
13 9.42 9.51 9.61 9.70 9.80 9.89 9.99 10.08 10.18 10.27
14 10.37 10.46 10.56 10.65 10.75 10.84 10.94 11.04 11.13 11.23
15 11.32 11.42 11.51 11.61 11.71 11.80 11.90 11.99 12.09 12.19
16 12.28 12.38 12.47 12.57 12.67 12.76 12.86 12.96 13.05 13.15
17 13.25 13.34 13.44 13.54 13.63 13.73 13.83 13.92 14.02 14.12
18 14.21 14.31 14.41 14.50 14.60 14.70 14.79 14.89 14.99 15.09
19 15.18 15.28 15.38 15.48 15.57 15.67 15.77 15.86 15.96 16.06
20 16.16 16.25 16.35 16.45 16.55 16.64 16.74 16.84 16.94 17.03
21 17.13 17.23 17.33 17.42 17.52 17.62 17.72 17.82 17.91 18.01
22 18.11 18.21 18.30 18.40 18.50 18.60 18.70 18.79 18.89 18.99
23 19.09 19.19 19.28 19.38 19.48 19.58 19.68 19.77 19.87 19.97
24 20.07 20.17 20.26 20.36 20.46 20.56 20.66 20.75 20.85 20.95
25 21.05 21.15 21.25 21.34 21.44 21.54 21.64 21.74 21.84 21.93
26 22.03 22.13 22.23 22.33 22.43 22.52 22.62 22.72 22.82 22.92
27 23.02 23.12 23.21 23.31 23.41 23.51 23.61 23.71 23.81 23.90
28 24.00 24.10 24.20 24.30 24.40 24.50 24.59 24.69 24.79 24.89
29 24.99 25.09 25.19 25.28 25.38 25.48 25.58 25.68 25.78 25.88
30 25.98 26.07 26.17 26.27 26.37 26.47 26.57 26.67 26.77 26.86
31 26.96 27.06 27.16 27.26 27.36 27.46 27.56 27.65 27.75 27.85
32 27.95 28.05 28.15 28.25 28.35 28.45 28.54 28.64 28.74 28.84
33 28.94 29.04 29.14 29.24 29.34 29.44 29.53 29.63 29.73 29.83
34 29.93 30.03 30.13 30.23 30.33 30.43 30.52 30.62 30.72 30.82
35 30.92 31.02 31.12 31.22 31.32 31.42 31.562 31.61 31.71 31.81
36 31.91 32.01 32.11 32.21 32.31 32.41 32.51 32.61 32.70 32.80
37 32.90 33.00 33.10 33.20 33.30 33.40 33.50 33.60 33.70 33.80
38 33.89 33.99 34.09 34.19 34.29 34.39 34.49 34.59 34.69 34.79
39 34.89 3499 3508 35.18 35.28 35.38 35.48 35.58 35.68 35.78
40 35.88 35.98 36.08 36.18 36.28 36.38 36.47 36.57 36.67 36.77

_ , (P-0.28)*
Note: Runoff value determined by equation Q=
P+0.8S

11-C-27



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.25. NRCS Rainfall-Runoff Table for CN =74

July 2013

Runoff for inches of rainfall—Curve no. 74

---------------------------------------- Tenths ------c-mmmmmm i
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
1 0.02 0.04 0.06 0.09 0.12 0.15 0.18 0.22 0.26 0.30
2 0.35 0.40 0.45 0.50 0.55 0.61 0.67 0.72 0.78 0.85
3 0.91 0.97 1.04 1.11 1.17 1.24 1.31 1.38 1.45 1.52
4 1.60 1.67 1.75 1.82 1.90 1.97 2.05 2.13 2.21 2.29
5 2.37 2.45 2.53 2.61 2.69 2.77 2.85 2.94 3.02 3.10
6 3.19 3.27 3.36 3.44 3.563 3.61 3.70 3.78 3.87 3.96
7 4.04 4.13 4.22 4.31 4.39 4.48 4.57 4.66 4.75 4.84
8 4.93 5.02 5.11 5.20 5.29 5.38 5.47 5.56 5.65 5.74
9 5.83 5.92 6.01 6.11 6.20 6.29 6.38 6.47 6.57 6.66
10 6.75 6.84 6.94 7.03 7.12 7.21 7.31 7.40 7.49 7.59
11 7.68 7.77 7.87 7.96 8.06 8.15 8.24 8.34 8.43 8.53
12 8.62 8.71 8.81 8.90 9.00 9.09 9.19 9.28 9.38 9.47
13 9.57 9.66 9.76 9.85 9.95 10.04 10.14 10.23 10.33 10.43
14 10.562 10.62 10.71 10.81 10.90 11.00 11.10 11.19 11.29 11.38
15 11.48 11.58 11.67 11.77 11.86 11.96 12.06 12.15 12.25 12.35
16 12.44 12.54 12.64 12.73 12.83 12.93 13.02 13.12 13.22 13.31
17 13.41 13.51 13.60 13.70 13.80 13.89 13.99 14.09 14.19 14.28
18 14.38 14.48 14.57 14.67 14.77 14.87 14.96 15.06 15.16 15.26
19 15.35 15.45 15.55 15.65 15.74 15.84 15.94 16.04 16.13 16.23
20 16.33 16.43 16.52 16.62 16.72 16.82 16.91 17.01 17.11 17.21
21 17.31 17.40 17.50 17.60 17.70 17.79 17.89 17.99 18.09 18.19
22 18.28 18.38 18.48 18.58 18.68 18.77 18.87 18.97 19.07 19.17
23 19.27 19.36 19.46 19.56 19.66 19.76 19.85 19.95 20.05 20.15
24 20.25 20.35 20.44 20.54 20.64 20.74 20.84 20.94 21.03 21.13
25 21.23 21.33 21.43 21.53 21.62 21.72 21.82 21.92 22.02 22.12
26 22.22 22.31 22.41 22.51 22.61 22.71 22.81 22.91 23.00 23.10
27 23.20 23.30 23.40 23.50 23.60 23.69 23.79 23.89 23.99 24.09
28 24.19 24.29 24.39 24.48 24.58 24.68 24.78 24.88 24.98 25.08
29 25.18 25.27 25.37 25.47 25.57 25.67 25.77 25.87 25.97 26.06
30 26.16 26.26 26.36 26.46 26.56 26.66 26.76 26.86 26.95 27.056
31 27.15 27.25 27.35 27.45 27.55 27.65 27.75 27.85 27.94 28.04
32 28.14 28.24 28.34 28.44 28.54 28.64 28.74 28.83 28.93 29.03
33 29.13 29.23 29.33 29.43 29.53 29.63 29.73 29.83 29.92 30.02
34 30.12 30.22 30.32 30.42 30.52 30.62 30.72 30.82 30.92 31.01
35 31.11 31.21 31.31 31.41 31.51 31.61 31.71 31.81 31.91 32.01
36 32.11 32.20 32.30 32.40 32.50 32.60 32.70 32.80 32.90 33.00
37 33.10 33.20 33.30 33.40 33.49 33.59 33.69 33.79 33.89 33.99
38 34.09 34.19 34.29 34.39 34.49 34.59 34.69 34.78 34.88 34.98
39 35.08 35.18 35.28 35.38 35.48 35.58 35.68 35.78 35.88 35.98
40 36.08 36.18 36.27 36.37 36.47 36.57 36.67 36.77 36.87 36.97
2
Note: Runoff value determined by equation Q= —@ﬂ
P+0.8S

11-C-28



DRAFT Virginia Stormwater Management Handbook, Chapter 11

Table 11-C.26. NRCS Rainfall-Runoff Table for CN =75

July 2013

---------------------------------------- Tenths ----cevmmmmm e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02
1 0.03 0.06 0.07 0.10 0.13 0.17 0.20 0.24 0.29 0.33
2 0.38 0.43 0.48 0.54 0.59 0.65 0.71 0.77 0.83 0.90
3 0.96 1.03 1.10 1.16 1.23 1.30 1.37 1.45 1.52 1.59
4 1.67 1.74 1.82 1.90 1.97 2.05 2.13 2.21 2.29 2.37
5 2.45 2.53 2.61 2.70 2.78 2.86 2.95 3.03 3.11 3.20
6 3.28 3.37 3.46 3.54 3.63 3.71 3.80 3.89 3.98 4.06
7 4.16 4.24 4.33 4.42 4.51 4.59 4.68 4.77 4.86 4.95
8 5.04 5.13 5.22 5.32 5.41 5.50 5.59 5.68 5.77 5.86
9 5.95 6.05 6.14 6.23 6.32 6.42 6.51 6.60 6.69 6.79
10 6.88 6.97 7.07 7.16 7.25 7.35 7.44 7.53 7.63 7.72
11 7.82 7.91 8.00 8.10 8.19 8.29 8.38 8.48 8.57 8.67
12 8.76 8.86 8.95 9.05 9.14 9.24 9.33 9.43 9.52 9.62
13 9.71 9.81 9.90 10.00 10.09 10.19 10.29 10.38 10.48 10.57
14 10.67 10.77 10.86 10.96 11.05 11.15 11.25 11.34 11.44 11.54
15 11.63 11.73 11.82 11.92 12.02 12.11 12.21 12.31 12.40 12.50
16 12.60 12.69 12.79 12.89 12.99 13.08 13.18 13.28 13.37 13.47
17 13.57 13.67 13.76 13.86 13.96 14.05 14.15 14.25 14.35 14.44
18 14.54 14.64 14.74 14.83 14.93 15.03 15.13 15.22 15.32 15.42
19 15.52 15.61 15.71 15.81 15.91 16.00 16.10 16.20 16.30 16.40
20 16.49 16.59 16.69 16.79 16.88 16.98 17.08 17.18 17.28 17.37
21 17.47 17.57 17.67 17.77 17.86 17.96 18.06 18.16 18.26 18.36
22 18.45 18.56 18.65 18.76 18.85 18.94 19.04 19.14 19.24 19.34
23 19.44 19.53 19.63 19.73 19.83 19.93 20.03 20.12 20.22 20.32
24 20.42 20.52 20.62 20.72 20.81 20.91 21.01 21.11 21.21 21.31
25 21.40 21.50 21.60 21.70 21.80 21.90 22.00 22.09 22.19 22.29
26 22.39 22.49 22.59 22.69 22.79 22.88 22.98 23.08 23.18 23.28
27 23.38 23.48 23.68 23.67 23.77 23.87 23.97 24.07 24.17 24.27
28 24.37 24.46 24.56 24.66 24.76 24.86 24.96 25.06 25.16 25.26
29 25.35 25.45 25.55 25.65 25.75 25.85 25.95 26.05 26.15 26.24
30 26.34 26.44 26.54 26.64 26.74 26.84 26.94 27.04 27.14 27.23
31 27.33 27.43 27.53 27.63 27.73 27.83 27.93 28.03 28.13 28.22
32 28.32 28.42 28.52 28.62 28.72 28.82 28.92 29.02 29.12 29.22
33 29.31 29.41 29.51 29.61 29.71 29.81 29.91 30.01 30.11 30.21
34 30.31 30.41 30.50 30.60 30.70 30.80 30.90 31.00 31.10 31.20
35 31.30 31.40 31.50 31.60 31.70 31.79 31.89 31.99 32.09 32.19
36 32.29 32.39 32.49 32.59 32.69 32.79 32.89 32.99 33.08 33.18
37 33.28 33.38 33.48 33.58 33.68 33.78 33.88 33.98 34.08 34.18
38 34.28 34.38 34.48 34.57 34.67 34.77 34.87 34.97 35.07 35.17
39 35.27 35.37 35.47 35.567 35.67 35.77 35.87 35.97 36.07 36.16
40 36.26 36.36 36.46 36.56 36.66 36.76 36.86 36.96 37.06 37.16
) , (P-0.28)"
Note: Runoff value determined by equation Q =
P+0.8S
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Table 11-C.27. NRCS Rainfall-Runoff Table for CN =76

---------------------------------------- Tenths ----------m-mmmmcmiir e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 ©0.02
1 0.04 0.06 0.09 0.12 0.15 0.19 0.23 0.27 0.32 0.36
2 0.41 0.47 0.52 0.58 0.63 0.69 0.76 0.82 0.88 0.95
3 1.01 1.08 1.15 1.22 1.29 1.36 1.44 1.51 1.59 1.66
4 1.74 1.81 1.89 1.97 2.05 2.13 2.21 2.29 2.37 2.45
5 2.53 2.62 2.70 2.78 2.87 2.95 3.04 3.12 3.21 3.29
6 3.38 3.47 3.55 3.64 3.73 3.81 3.90 3.99 4.08 4.17
7 4.26 4.35 4.43 4.52 4.61 4.70 4.79 4.88 497 5.07
8 5.16 5.25 5.34 5.43 5.52 5.61 5.71 5.80 5.89 5.98
9 6.07 6.17 6.26 6.35 6.45 6.54 6.63 6.72 6.82 6.91
10 7.01 7.10 7.19 7.29 7.38 7.47 7.57 7.66 7.76 7.85
11 7.95 8.04 8.14 8.23 8.32 8.42 8.51 8.61 8.70 8.80
12 8.90 8.99 9.09 9.18 9.28 9.37 9.47 9.56 9.66 9.76
13 9.85 9.95 10.04 10.14 10.23 10.33 10.43 10.52 10.62 10.72
14 10.81 10.91 11.00 11.10 11.20 11.29 11.39 11.49 11.58 11.68
15 11.78 11.87 11.97 12.07 12.16 12.26 12.36 12.46 12.55 12.65
16 12.75 12.84 12.94 13.04 13.14 13.23 13.33 13.43 13.52 13.62
17 13.72 13.82 13.91 14.01 14.11 14.21 14.30 14.40 14.50 14.60
18 14.69 14.79 14.89 14.99 15.09 15.18 15.28 15.38 15.48 15.67
19 15.67 15.77 15.87 15.97 16.06 16.16 16.26 16.36 16.46 16.55
20 16.65 16.75 16.85 16.95 17.04 17.14 17.24 17.34 17.44 17.53
21 17.63 17.73 17.83 17.93 18.03 18.12 18.22 18.32 18.42 18.52
22 18.62 18.71 18.81 18.91 19.01 19.11 19.21 19.30 19.40 19.50
23 19.60 19.70 19.80 19.89 19.99 20.09 20.19 20.29 20.39 20.49
24 20.58 20.68 20.78 20.88 20.98 21.08 21.18 21.27 21.37 21.47
25 21.67 21.67 21.77 21.87 21.97 22.06 22.16 22.26 22.36 22.46
26 22.56 22.66 22.76 22.85 22.95 23.06 23.15 23.25 23.35 23.45
27 23.55 23.65 23.74 23.84 23.94 24.04 24.14 24.24 24.34 24.44
28 24.54 24.63 24.73 24.83 24.93 25.03 25.13 256.23 25.33 25.43
29 25.52 25.62 25.72 25.82 25.92 26.02 26.12 26.22 26.32 26.42
30 26.51 26.61 26.71 26.81 26.91 27.01 27.11 27.21 27.31 27.41
31 27.51 27.60 27.70 27.80 27.90 28.00 28.10 28.20 28.30 28.40
32 28.50 28.60 28.70 28.79 28.89 28.99 29.09 29.19 29.29 29.39
33 29.49 29.59 29.69 29.79 29.89 29.99 30.08 30.18 30.28 30.38
34 30.48 30.58 30.68 30.78 30.88 30.98 31.08 31.18 31.28 31.37
35 31.47 31.57 31.67 31.77 31.87 31.97 32.07 32.17 32.27 32.37
36 32.47 32.57 32.67 32.77 32.86 32.96 33.06 33.16 33.26 33.36
37 33.46 33.56 33.66 33.76 33.86 33.96 34.06 34.16 34.26 34.35
38 34.45 34.55 34.65 34.75 34.85 34.95 35.05 356.15 35.25 35.35
39 35.45 35.56 35.65 35.75 35.85 35.95 36.05 36.14 36.24 36.34
40 36.44 36.54 36.64 36.74 36.84 36.94 37.04 37.14 37.24 37.34
, ) (P-0.28)"
Note: Runoff value determined by equation Q =-~—-—="
P+0.8S
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Table 11-C.28. NRCS Rainfall-Runoff Table for CN =77

July 2013

---------------------------------------- Tenths -------cmmmmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
1 0.05 0.07 0.10 0.13 0.17 0.21 0.25 0.30 0.34 0.39
2 0.45 0.50 0.56 0.62 0.68 0.74 0.80 0.87 0.93 1.00
3 1.07 1.14 1.21 1.28 1.36 1.43 1.50 1.58 1.66 1.73
4 1.81 1.89 1.97 2.05 2.13 2.21 2.29 2.37 2.46 2.54
5 2.62 2.71 2.79 2.87 2.96 3.04 3.13 3.22 3.30 3.39
6 3.48 3.56 3.65 3.74 3.83 3.92 4.01 4.10 4.18 4.27
7 4.36 4.45 4.54 4.63 4.73 4.82 491 5.00 5.09 5.18
8 5.27 5.36 5.46 5.55 5.64 5.73 5.83 5.92 6.01 6.10
9 6.20 6.29 6.38 6.48 6.57 6.66 6.76 6.85 6.95 7.04
10 7.13 7.23 7.32 7.42 7.51 7.61 7.70 7.79 7.89 7.98
11 8.08 8.17 8.27 8.36 8.46 8.56 8.65 8.75 8.84 8.94
12 9.03 9.13 9.22 9.32 9.42 9.51 9.61 9.70 9.80 9.90
13 9.99 10.09 10.19 10.28 10.38 10.47 10.57 10.67 10.76 10.86
14 10.96 11.05 11.15 11.25 11.34 11.44 11.54 11.64 11.73 11.83
15 11.93 12.02 12.12 12.22 12.31 12.41 12.51 12.61 12.70 12.80
16 12.90 13.00 13.09 13.19 13.29 13.39 13.48 13.58 13.68 13.78
17 13.87 13.97 14.07 14.17 14.26 14.36 14.46 14.56 14.65 14.75
18 14.85 14.95 15.05 15.14 15.24 15.34 15.44 15.54 15.63 15.73
19 15.83 15.93 16.03 16.12 16.22 16.32 16.42 16.52 16.61 16.71
20 16.81 16.91 17.01 17.11 17.20 17.30 17.40 17.50 17.60 17.70
21 17.79 17.89 17.99 18.09 18.19 18.29 18.38 18.48 18.58 18.68
22 18.78 18.88 18.98 19.07 19.17 19.27 19.37 19.47 19.57 19.67
23 19.76 19.86 19.96 20.06 20.16 20.26 20.36 20.45 20.55 20.65
24 20.75 20.85 20.95 21.05 21.15 21.24 21.34 21.44 21.54 21.64
25 21.74 21.84 21.94 22.03 22.13 22.23 22.33 22.43 22.53 22.63
26 22.73 22.83 22.92 23.02 23.12 23.22 23.32 23.42 23.52 23.62
27 23.72 23.82 23.91 24.01 24.11 24.21 24.31 24.41 24.51 24.61
28 24.71 24.81 24.90 25.00 25.10 25.20 25.30 25.40 25.50 25.60
29 25.70 25.80 25.89 25.99 26.09 26.19 26.29 26.39 26.49 26.59
30 26.69 26.79 26.89 26.99 27.08 27.18 27.28 27.38 27.48 27.68
31 27.68 27.78 27.88 27.98 28.08 28.18 28.28 28.37 28.47 28.57
32 28.67 28.77 28.87 28.97 29.07 29.17 29.27 29.37 29.47 29.57
33 29.66 29.76 29.86 29.96 30.06 30.16 30.26 30.36 30.46 30.56
34 30.66 30.76 30.86 30.96 31.05 31.15 31.25 31.35 31.45 31.55
35 31.65 31.75 31.85 31.95 32.05 32.15 32.25 32.35 32.45 32.55
36 32.64 32.74 32.84 32.94 33.04 33.14 33.24 33.34 33.44 33.54
37 33.64 33.74 33.84 33.94 34.04 34.14 34.24 34.33 34.43 34.53
38 34.63 34.73 34.83 34.93 35.03 35.13 35.23 35.33 35.43 35.53
39 35.63 35.73 35.83 35.93 36.03 36.13 36.22 36.32 36.42 36.52
40 36.62 36.72 36.82 36.92 37.02 37.12 37.22 37.32 37.42 37.52
‘ . (P-028)°
Note: Runoff value determined by equation Q =
P+0.88
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Table 11-C.29. NRCS Rainfall-Runoff Table for CN =78

Runoff for inches of rainfall—Curve no. 78

---------------------------------------- Tenths --------mmmm e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04
1 0.06 0.09 0.12 0.15 0.19 0.23 0.28 0.33 0.38 0.43
2 0.48 0.54 0.60 0.66 0.72 0.79 0.85 0.92 0.99 1.06
3 1.13 1.20 1.27 1.35 1.42 1.50 1.57 1.65 1.73 1.81
4 1.89 1.97 2.05 2.13 2.21 2.29 2.38 2.46 2.54 2.63
5 2.71 2.80 2.88 2.97 3.05 3.14 3.23 3.32 3.40 3.49
6 3.58 3.67 3.76 3.85 3.93 4.02 4.11 4.20 4.29 4.38
7 4.48 4.57 4.66 4.75 4.84 4.93 5.02 511 5.21 5.30
8 5.39 5.48 5.58 5.67 5.76 5.86 5.95 6.04 6.14 6.23
9 6.32 6.42 6.51 6.60 6.70 6.79 6.89 6.98 7.08 7.17
10 7.26 7.36 7.45 7.55 7.64 7.74 7.83 7.93 8.03 8.12
11 8.22 8.31 8.41 8.50 8.60 8.69 8.79 8.89 8.98 9.08
12 9.17 9.27 9.37 9.46 9.56 9.65 9.75 9.85 9.94 10.04
13 10.14 10.23 10.33 10.43 10.52 10.62 10.72 10.81 10.91 11.01
14 11.11 11.20 11.30 11.40 11.49 11.59 11.69 11.79 11.88 11.98
15 12.08 12.17 12.27 12.37 12.47 12.56 12.66 12.76 12.86 12.95
16 13.05 13.15 13.25 13.34 13.44 13.54 13.64 13.74 13.83 13.93
17 14.03 14.13 14.22 14.32 14.42 14.52 14.62 14.71 14.81 14.91
18 15.01 15.11 15.20 15.30 15.40 15.50 15.60 15.70 15.79 15.89
19 15.99 16.09 16.19 16.28 16.38 16.48 16.58 16.68 16.78 16.87
20 16.97 17.07 17.17 17.27 17.37 17.47 17.56 17.66 17.76 17.86
21 17.96 18.06 18.16 18.25 18.35 18.45 18.55 18.65 18.75 18.85
22 18.94 19.04 19.14 19.24 19.34 19.44 19.54 19.63 19.73 19.83
23 19.93 20.03 20.13 20.23 20.33 20.42 20.52 20.62 20.72 20.82
24 20.92 21.02 21.12 21.22 21.31 21.41 21.51 21.61 21.71 21.81
25 21.91 22.01 22.11 22.20 22.30 22.40 22.50 22.60 22.70 22.80
26 22.90 23.00 23.10 23.19 23.29 23.39 23.49 23.59 23.69 23.79
27 23.89 23.99 24.09 24.19 24.28 24.38 24.48 24.58 24.68 24.78
28 24.88 24.98 25.08 25.18 25.28 25.37 25.47 25.57 25.67 25.77
29 25.87 25.97 26.07 26.17 26.27 26.37 26.47 26.56 26.66 26.76
30 26.86 26.96 27.06 27.16 27.26 27.36 27.46 27.56 27.66 27.76
31 27.86 27.95 28.05 28.15 28.25 28.35 28.45 28.56 28.65 28.75
32 28.85 28.95 29.05 29.15 29.25 29.34 29.44 29.54 29.64 29.74
33 29.84 29.94 30.04 30.14 30.24 30.34 30.44 30.54 30.64 30.74
34 30.84 30.93 31.03 31.13 31.23 31.33 31.43 31.53 31.63 31.73
35 31.83 31.93 32.03 32.13 32.23 32.33 32.43 32.563 32.62 32.72
36 32.82 32.92 33.02 33.12 33.22 33.32 33.42 33.52 33.62 33.72
37 33.82 33.92 34.02 34.12 34.22 34.32 34.42 34.52 34.61 34.71
38 34.81 34.91 35.01 35.11 35.21 35.31 35.41 35.51 35.61 35.71
39 35.81 35.91 36.01 36.11 36.21 36.31 36.41 36.51 36.61 36.70
40 36.80 36.90 37.00 37.10 37.20 37.30 37.40 37.50 37.60 37.70
, . (P-0.28)"
Note: Runoff value determined by equation @ = ~—mmoetee
P+0.38S
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Table 11-C.30. NRCS Rainfall-Runoff Table for CN =79

July 2013

---------------------------------------- Tenths ---~--mommmm e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04
1 0.07 0.10 0.13 0.17 0.21 0.26 0.31 0.36 0.41 0.46
2 0.52 0.58 0.64 0.71 0.77 0.84 0.90 0.97 1.04 1.12
3 1.19 1.26 1.34 1.41 1.49 1.57 1.64 1.72 1.80 1.88
4 1.96 2.04 2.13 2.21 2.29 2.38 2.46 2.54 2.63 2.71
5 2.80 2.89 2.97 3.06 3.15 3.24 3.32 3.41 3.50 3.59
6 3.68 3.77 3.86 3.95 4.04 4.13 4.22 4.31 4.40 4.49
7 4.58 4.67 4.77 4.86 4.95 5.04 5.14 5.23 5.32 5.41
8 5.51 5.60 5.69 5.79 5.88 5.97 6.07 6.16 6.26 6.35
9 6.44 6.54 6.63 6.73 6.82 6.92 7.01 7.11 7.20 7.30
10 7.39 7.49 7.58 7.68 7.77 7.87 7.96 8.06 8.16 8.25
11 8.35 8.44 8.54 8.63 8.73 8.83 8.92 9.02 9.12 9.21
12 9.31 9.41 9.50 9.60 9.70 9.79 9.89 9.99 10.08 10.18
13 10.28 10.37 10.47 10.57 10.66 10.76 10.86 10.96 11.05 11.15
14 11.25 11.34 11.44 11.54 11.64 11.73 11.83 11.93 12.03 12.12
15 12.22 12.32 12.42 12.51 12.61 12.71 12.81 12.90 13.00 13.10
16 13.20 13.30 13.39 13.49 13.59 13.69 13.79 13.88 13.98 14.08
17 14.18 14.28 14.37 14.47 14.57 14.67 14.77 14.86 14.96 15.06
18 15.16 15.26 15.36 15.45 15.55 15.65 15.75 15.85 15.95 16.04
19 16.14 16.24 16.34 16.44 16.54 16.64 16.73 16.83 16.93 17.03
20 17.13 17.23 17.32 17.42 17.52 17.62 17.72 17.82 17.92 18.02
21 18.11 18.21 18.31 18.41 18.51 18.61 18.71 18.80 18.90 19.00
22 19.10 19.20 19.30 19.40 19.50 19.60 19.69 19.79 19.89 19.99
23 20.09 20.19 20.29 20.39 20.49 20.58 20.68 20.78 20.88 20.98
24 21.08 21.18 21.28 21.38 21.47 21.57 21.67 21.77 21.87 21.97
25 22.07 22.17 22.27 22.37 22.47 22.56 22.66 22.76 22.86 22.96
26 23.06 23.16 23.26 23.36 23.46 23.56 23.65 23.75 23.85 23.95
27 24.05 24.15 24.25 24.35 24.45 24.55 24.65 24.75 24.84 24.94
28 25.04 25.14 25.24 25.34 25.44 25.54 25.64 25.74 25.84 25.94
29 26.04 26.13 26.23 26.33 26.43 26.53 26.63 26.73 26.83 26.93
30 27.08 27.13 27.23 27.33 27.43 27.52 27.62 27.72 27.82 27.92
31 28.02 28.12 28.22 28.32 28.42 28.52 28.62 28.72 28.82 28.92
32 29.02 29.11 29.21 29.31 29.41 29.51 29.61 29.71 29.81 29.91
33 30.01 30.11 30.21 30.31 30.41 30.51 30.61 30.71 30.80 30.90
34 31.00 31.10 31.20 31.30 31.40 31.50 31.60 31.70 31.80 31.90
35 32.00 32.10 32.20 32.30 32.40 32.50 32.60 32.70 32.79 32.89
36 32.99 33.09 33.19 33.29 33.39 33.49 33.59 33.69 33.79 33.89
37 33.99 34.09 34.19 34.29 34.39 34.49 34.59 34.69 34.79 34.88
38 34.98 35.08 35.18 35.28 35.38 35.48 35.58 35.68 35.78 35.88
39 35.98 36.08 36.18 36.28 36.38 36.48 36.58 36.68 36.78 36.88
40 36.98 37.08 37.18 37.27 37.37 37.47 37.57 37.67 37.77 37.87
. o _(p-o2sy
Note: Runoff value determined by equation Q=
P+0.8S
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Table 11-C.31. NRCS Rainfall-Runoff Table for CN = 80

July 2013

Runoff for inches of rainfall—Curve no. 80

---------------------------------------- Tenths -----cmmmomm e
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.06
1 0.08 0.12 0.15 0.19 0.24 0.29 0.34 0.39 0.44 0.50
2 0.56 0.62 0.69 0.75 0.82 0.89 0.96 1.03 1.10 1.18
3 1.25 1.33 1.40 1.48 1.56 1.64 1.72 1.80 1.88 1.96
4 2.04 2.12 2.21 2.29 2.38 2.46 2.55 2.63 2.72 2.81
5 2.89 2.98 3.07 3.16 3.24 3.33 3.42 3.51 3.60 3.69
6 3.78 3.87 3.96 4.05 4.14 4.24 4.33 4.42 4.51 4.60
7 4.69 4.79 4.88 4.97 5.06 5.16 5.25 5.34 5.44 5.53
8 5.63 5.72 5.81 5.91 6.00 6.10 6.19 6.28 6.38 6.47
9 6.57 6.66 6.76 6.85 6.95 7.04 7.14 7.23 7.33 7.43
10 7.52 7.62 7.71 7.81 7.90 8.00 8.10 8.19 8.29 8.38
11 8.48 8.568 8.67 8.77 8.87 8.96 9.06 9.16 9.26 9.35
12 9.45 9.54 9.64 9.74 9.83 9.93 10.03 10.13 10.22 10.32
13 10.42 10.51 10.61 10.71 10.81 10.90 11.00 11.10 11.20 11.29
14 11.39 11.49 11.59 11.68 11.78 11.88 11.98 12.07 12.17 12.27
15 12.37 12.47 12.56 12.66 12.76 12.86 12.96 13.05 13.15 13.256
16 13.35 13.45 13.54 13.64 13.74 13.84 13.94 14.03 14.13 14.23
17 14.33 14.43 14.53 14.62 14.72 14.82 14.92 15.02 15.12 16.21
18 15.31 15.41 15.51 15.61 15.71 15.80 15.90 16.00 16.10 16.20
19 16.30 16.40 16.49 16.59 16.69 16.79 16.89 16.99 17.09 17.19
20 17.28 17.38 17.48 17.58 17.68 17.78 17.88 17.98 18.07 18.17
21 18.27 18.37 18.47 18.57 18.67 18.77 18.86 18.96 19.06 19.16
22 19.26 19.36 19.46 19.56 19.66 19.76 19.85 19.95 20.05 20.15
23 20.25 20.35 20.45 20.55 20.65 20.75 20.84 20.94 21.04 21.14
24 21.24 21.34 21.44 21.54 21.64 21.74 21.83 21.93 22.03 22.13
25 22.23 22.33 22.43 22.53 22.63 22.73 22.83 22.93 23.02 23.12
26 23.22 23.32 23.42 23.52 23.62 23.72 23.82 23.92 24.02 24.12
27 24.22 24.31 24.41 24.51 24.61 24.71 24.81 2491 25.01 25.11
28 25.21 25.31 25.41 25.51 25.61 25.70 25.80 25.90 26.00 26.10
29 26.20 26.30 26.40 26.50 26.60 26.70 26.80 26.90 27.00 27.10
30 27.20 27.29 27.39 27.49 27.59 27.69 27.79 27.89 27.99 28.09
31 28.19 28.29 28.39 28.49 28.59 28.69 28.79 28.89 28.98 29.08
32 29.18 29.28 29.38 29.48 29.58 29.68 29.78 29.88 29.98 30.08
33 30.18 30.28 30.38 30.48 30.58 30.68 30.78 30.88 30.97 31.07
34 31.17 31.27 31.37 31.47 31.57 31.67 31.77 31.87 31.97 32.07
35 32.17 32.27 32.37 32.47 32.57 32.67 32.77 32.87 32.97 33.06
36 33.16  33.26 33.36  33.46 33.56 33.66 33.76 33.86 33.96 34.06
37 34.16  34.26 34.36  34.46 34.56 34.66 34.76 34.86 34.96 35.06
38 35.16  35.26 35.36  35.46 35.55 35.65 35.75 35.85 35.95 36.05
39 36.15 36.25 36.35  36.45 36.55 36.65 36.75 36.85 36.95 37.05
40 37.15  37.25 37.35 37.45 37.55 37.65 37.75 37.85 37.95 38.05
, ) (P-0.28)
Note: Runoff value determined by equation Q = ~——-—="
P+0.85
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Table 11-C.32. NRCS Rainfall-Runoff Table for CN = 81

July 2013

---------------------------------------- Tenths - ----commm e

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.04 0.07
1 0.10 0.13 0.17 0.22 0.27 0.32 0.37 0.42 0.48 0.54
2 0.61 0.67 0.74 0.80 0.87 0.94 1.02 1.09 1.16 1.24
3 1.32 1.39 1.47 1.55 1.63 1.71 1.79 1.87 1.96 2.04
4 2.12 2.21 2.29 2.38 2.47 2.55 2.64 2.73 2.81 2.90
5 2.99 3.08 3.17 3.26 3.34 3.43 3.52 3.62 3.71 3.80
6 3.89 3.98 4.07 4.16 4.25 4.35 4.44 4.53 4.62 4.72
7 4.81 4.90 5.00 5.09 5.18 5.28 5.37 5.46 5.56 5.65
8 5.75 5.84 5.94 6.03 6.13 6.22 6.31 6.41 6.51 6.60
9 6.70 6.79 6.89 6.98 7.08 7.17 7.27 7.37 7.46 7.56
10 7.66 7.75 7.85 7.94 8.04 8.13 8.23 8.33 8.42 8.52
11 8.62 8.71 8.81 8.91 9.00 9.10 9.20 9.30 9.39 9.49
12 9.59 9.68 9.78 9.88 9.98 10.07 10.17 10.27 10.37 10.46
13 10.56 10.66 10.76 10.85 10.95 11.05 11.15 11.24 11.34 11.44
14 11.564 11.63 11.73 11.83 11.93 12.03 12.12 12.22 12.32 12.42
15 12.52 12.61 12.71 12.81 12.91 13.01 13.11 13.20 13.30 13.40
16 13.50 13.60 13.69 13.79 13.89 13.99 14.09 14.19 14.29 14.38
17 14.48 14.58 14.68 14.78 14.88 14.97 15.07 15.17 15.27 15.37
18 15.47 15.57 15.66 15.76 15.86 15.96 16.06 16.16 16.26 16.36
19 16.45 16.55 16.65 16.75 16.85 16.95 17.05 17.15 17.24 17.34
20 17.44 17.54 17.64 17.74 17.84 17.94 18.04 18.13 18.23 18.33
21 18.43 18.53 18.63 18.73 18.83 18.93 19.03 19.12 19.22 19.32
22 19.42 19.52 19.62 19.72 19.82 19.92 20.02 20.11 20.21 20.31
23 20.41 20.51 20.61 20.71 20.81 20.91 21.01 21.11 21.21 21.30
24 21.40 21.50 21.60 21.70 21.80 21.90 22.00 22.10 22.20 22.30
25 22.40 22.50 22.59 22.69 22.79 22.89 22.99 23.09 23.19 23.29
26 23.39 23.49 23.59 23.69 23.79 23.88 23.98 24.08 24.18 24.28
27 24.38 24.48 24.58 24.68 24.78 24.88 24.98 25.08 25.18 25.28
28 25.38 25.47 25.57 25.67 25.77 25.87 25.97 26.07 26.17 26.27
29 26.37 26.47 26.57 26.67 26.77 26.87 26.97 27.07 27.16 27.26
30 27.36 27.46 27.56 27.66 27.76 27.86 27.96 28.06 28.16 28.26
31 28.36 28.46 28.56 28.66 28.76 28.86 28.96 29.06 29.15 29.25
32 29.36 29.45 29.55 29.65 29.75 29.85 29.95 30.05 30.15 30.25
33 30.35 30.45 30.55 30.65 30.75 30.85 30.95 31.05 31.15 31.25
34 31.34 31.44 31.54 31.64 31.74 31.84 31.94 32.04 32.14 32.24
35 32.34 32.44 32.54 32.64 32.74 32.84 32.94 33.04 33.14 33.24
36 33.34 33.44 33.54 33.64 33.74 33.83 33.93 34.03 34.13 34.23
37 34.33 34.43 34.53 34.63 34.73 34.83 34.93 35.03 35.13 35.23
38 35.33 35.43 35.53 35.63 35.73 35.83 35.93 36.03 36.13 36.23
39 36.33 36.43 36.53 36.62 36.72 36.82 36.92 37.02 37.12 37.22
40 37.32 37.42 37.52 37.62 37.72 37.82 37.92 38.02 38.12 38.22

, , (P-028)"
Note: Runoff value determined by equation Q@ =-————
P+0.85
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Table 11-C.33. NRCS Rainfall-Runoff Table for CN = 82

Runoff for inches of rainfall -Curve no. 82

July 2013

---------------------------------------- Tenths -----------mcmmmmmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.05 0.08
1 0.11 0.15 0.20 0.24 0.29 0.34 0.40 0.46 0.52 0.58
2 0.65 0.71 0.78 0.85 0.92 1.00 1.07 1.15 1.22 1.30
3 1.38 1.46 1.54 1.62 1.70 1.78 1.86 1.95 2.03 2.12
4 2.20 2.29 2.37 2.46 2.55 2.63 2.72 2.81 2.90 2.99
5 3.08 3.17 3.26 3.35 3.44 3.53 3.62 3.71 3.80 3.89
6 3.98 4.08 4.17 4.26 4.35 4.45 4.54 4.63 4.73 4.82
7 4.91 5.01 5.10 5.19 5.29 5.38 5.48 5.57 5.67 5.76
8 5.86 5.95 6.05 6.14 6.24 6.33 6.43 6.52 6.62 6.71
9 6.81 6.91 7.00 7.10 7.19 7.29 7.39 7.48 7.58 7.68
10 7.77 7.87 7.96 8.06 8.16 8.25 8.35 8.45 8.55 8.64
11 8.74 8.84 8.93 9.03 9.13 9.23 9.32 9.42 9.562 9.61
12 9.71 9.81 9.91 10.00 10.10 10.20 10.30 10.39 10.49 10.59
13 10.69 10.79 10.88 10.98 11.08 11.18 11.28 11.37 11.47 11.57
14 11.67 11.77 11.86 11.96 12.06 12.16 12.26 12.35 12.45 12.55
15 12.65 12.75 12.85 12.94 13.04 13.14 13.24 13.34 13.44 13.53
16 13.63 13.73 13.83 13.93 14.03 14.13 14.22 14.32 14.42 14.52
17 14.62 14.72 14.82 14.91 15.01 15.11 15.21 15.31 15.41 15.51
18 15.60 15.70 15.80 15.90 16.00 16.10 16.20 16.30 16.40 16.49
19 16.59 16.69 16.79 16.89 16.99 17.09 17.19 17.29 17.38 17.48
20 17.58 17.68 17.78 17.88 17.98 18.08 18.18 18.28 18.37 18.47
21 18.57 18.67 18.77 18.87 18.97 19.07 19.17 19.27 19.37 19.46
22 19.56 19.66 19.76 19.86 19.96 20.06 20.16 20.26 20.36 20.46
23 20.56 20.65 20.75 20.85 20.95 21.05 21.15 21.25 21.35 21.45
24 21.55 21.65 21.75 21.85 21.95 22.04 22.14 22.24 22.34 22.44
25 22.54 22.64 22.74 22.84 22.94 23.04 23.14 23.24 23.34 23.43
26 23.53 23.63 23.73 23.83 23.93 24.03 24.13 24.23 24.33 24.43
27 24.53 24.63 24.73 24.83 24,93 25.03 25.12 25.22 25.32 25.42
28 25.52 25.62 25.72 25.82 25.92 26.02 26.12 26.22 26.32 26.42
29 26.52 26.62 26.72 26.82 26.92 27.01 27.11 27.21 27.31 27.41
30 27.51 27.61 27.71 27.81 27.91 28.01 28.11 28.21 28.31 28.41
31 28.51 28.61 28.71 28.81 28.91 29.01 29.11 29.20 29.30 29.40
32 29.50 29.60 29.70 29.80 29.90 30.00 30.10 30.20 30.30 30.40
33 30.50 30.60 30.70 30.80 30.90 31.00 31.10 31.20 31.30 31.40
34 31.50 31.59 31.69 31.79 31.89 31.99 32.09 32.19 32.29 32.39
35 32.49 32.59 32.69 32.79 32.89 32.99 33.09 33.19 33.29 33.39
36 33.49 33.59 33.69 33.79 33.89 33.99 34.09 34.19 34.29 34.39
37 34.48 34.58 34.68 34.78 34.88 34.98 35.08 35.18 35.28 35.38
38 35.48 35.58 35.68 35.78 35.88 35.98 36.08 36.18 36.28 36.38
39 36.48 36.58 36.68 36.78 36.88 36.98 37.08 37.18 37.28 37.38
40 37.48 37.58 37.68 37.78 37.87 37.97 38.07 38.17 38.27 38.37
‘ ! (P-028)
Note: Runoff value determined by equation @ =-————>
P+0.8S
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Table 11-C.34. NRCS Rainfall-Runoff Table for CN = 83

L T T S T ST e S R L e G e S R SR e e e e R
Runoff for inches of rainfall -Curve no. 83

———————————————————————————————————————— Tenths ------c-mmmm e

Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.06 0.09
1 0.13 0.17 0.22 0.27 0.32 0.38 0.44 0.50 0.56 0.63
2 0.69 0.76 0.83 0.91 0.98 1.06 1.13 1.21 1.29 1.37
3 1.45 1.53 1.61 1.69 1.77 1.86 1.94 2.03 2.11 2.20
4 2.29 2.37 2.46 2.55 2.64 2.72 2.81 2.90 2.99 3.08
5 3.17 3.26 3.35 3.45 3.54 3.63 3.72 3.81 3.90 4.00
6 4.09 4.18 4.28 4.37 4.46 4.56 4.65 4.74 4.84 4.93
7 5.03 5.12 5.22 5.31 5.40 5.50 5.59 5.69 5.79 5.88
8 5.98 6.07 6.17 6.26 6.36 6.45 6.55 6.65 6.74 6.84
9 6.93 7.03 7.13 7.22 7.32 7.42 7.51 7.61 7.71 7.80
10 7.90 8.00 8.09 8.19 8.29 8.39 8.48 8.58 8.68 8.78
11 8.87 8.97 9.07 9.16 9.26 9.36 9.46 9.56 9.65 9.75
12 9.85 9.95 10.04 10.14 10.24 10.34 10.44 10.53 10.63 10.73
13 10.83 10.93 11.02 11.12 11.22 11.32 11.42 11.51 11.61 11.71
14 11.81 11.91 12.01 12.10 12.20 12.30 12.40 12.50 12.60 12.69
15 12.79 12.89 12.99 13.09 13.19 13.29 13.38 13.48 13.58 13.68
16 13.78 13.88 13.98 14.07 14.17 14.27 14.37 14.47 14.57 14.67
17 14.77 14.86 14.96 15.06 15.16 15.26 15.36 15.46 15.56 15.66
18 15.75 15.85 15.95 16.05 16.15 16.25 16.35 16.45 16.55 16.64
19 16.74 16.84 16.94 17.04 17.14 17.24 17.34 17.44 17.54 17.64
20 17.73 17.83 17.93 18.03 18.13 18.23 18.33 18.43 18.53 18.63
21 18.73 18.82 18.92 19.02 19.12 19.22 19.32 19.42 19.52 19.62
22 19.72 19.82 19.92 20.02 20.11 20.21 20.31 20.41 20.51 20.61
23 20.71 20.81 20.91 21.01 21.11 21.21 21.31 21.41 21.51 21.60
24 21.70 21.80 21.90 22.00 22.10 22.20 22.30 22.40 22.50 22.60
25 22.70 22.80 22.90 23.00 23.10 23.19 23.29 23.39 23.49 23.59
26 23.69 23.79 23.89 23.99 24.09 24.19 24.29 24.39 24.49 24.59
27 24.69 24.79 24.89 24.99 25.08 25.18 25.28 25.38 25.48 25.58
28 25.68 25.78 25.88 2598 26.08 26.18 26.28 26.38 26.48 26.58
29 26.68 26.78 26.88 26.98 27.08 27.17 27.27 27.37 27.47 27.57
30 27.67 27.77 27.87 27.97 28.07 28.17 28.27 28.37 28.47 28.57
31 28.67 28.77 28.87 28.97 29.07 29.17 29.27 29.37 29.47 29.57
32 29.66 29.76 29.86 29.96 30.06 30.16 30.26 30.36 30.46 30.56
33 30.66 30.76 30.86 30.96 31.06 31.16 31.26 31.36 31.46 31.56
34 31.66 31.76 31.86 31.96 32.06 32.16 32.26 32.36 32.46 32.56
35 32.65 32.75 32.85 32.95 33.05 33.15 33.25 33.35 33.45 33.55
36 33.65 33.75 33.85 33.95 34.05 34.15 34.25 34.35 34.45 34.55
37 34.65 34.75 34.85 34.95 35.05 35.15 35.25 35.35 35.45 35.565
38 35.65 35.75 35.85 35.95 36.04 36.14 36.24 36.34 36.44 36.54
39 36.64 36.74 36.84 36.94 37.04 37.14 37.24 37.34 37.44 37.54
40 37.64 37.74 37.84 37.94 38.04 38.14 38.24 38.34 38.44 38.54

, , (P-0.2s)’
Note: Runoff value determined by equation Q=
P+0.85
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Table 11-C.35. NRCS Rainfall-Runoff Table for CN = 84

July 2013

Rumnoff for inches of rainfall—Curve no. 84

---------------------------------------- Tenths ---------mmmmm e
Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.08 0.11
1 0.15 0.20 0.25 0.30 0.36 0.42 0.48 0.54 0.61 0.68
2 0.75 0.82 0.89 0.97 1.04 1.12 1.20 1.28 1.36 1.44
3 1.52 1.60 1.68 1.77 1.85 1.94 2.03 2.11 2.20 2.29
4 2.37 2.46 2.55 2.64 2.73 2.82 2.91 3.00 3.09 3.18
5 3.27 3.37 3.46 3.55 3.64 3.73 3.83 3.92 4.01 4.11
6 4.20 4.29 4.39 4.48 4.58 4.67 4.76 4.86 4.95 5.05
7 5.14 5.24 5.33 5.43 5.52 5.62 5.72 5.81 5.91 6.00
8 6.10 6.20 6.29 6.39 6.48 6.58 6.68 6.77 6.87 6.97
9 7.06 7.16 7.26 7.35 7.45 7.55 7.64 7.74 7.84 7.94
10 8.03 8.13 8.23 8.33 8.42 8.52 8.62 8.72 8.81 8.91
11 9.01 9.11 9.20 9.30 9.40 9.50 9.60 9.69 9.79 9.89
12 9.99 10.09 10.18 10.28 10.38 10.48 10.58 10.67 10.77 10.87
13 10.97 11.07 11.17 11.26 11.36 11.46 11.56 11.66 11.76 11.85
14 11.95 12.05 12.15 12.25 12.35 12.45 12.54 12.64 12.74 12.84
15 12.94 13.04 13.14 13.23 13.33 13.43 13.53 13.63 13.73 13.83
16 13.93 14.02 14.12 14.22 14.32 14.42 14.52 14.62 14.72 14.82
17 14.91 15.01 15.11 15.21 15.31 15.41 156.51 15.61 15.71 15.81
18 15.90 16.00 16.10 16.20 16.30 16.40 16.50 16.60 16.70 16.80
19 16.90 17.00 17.09 17.19 17.29 17.39 17.49 17.59 17.69 17.79
20 17.89 17.99 18.09 18.19 18.28 18.38 18.48 18.58 18.68 18.78
21 18.88 18.98 19.08 19.18 19.28 19.38 19.48 19.58 19.67 19.77
22 19.87 19.97 20.07 20.17 20.27 20.37 20.47 20.57 20.67 20.77
23 20.87 20.97 21.07 21.17 21.26 21.36 21.46 21.56 21.66 21.76
24 21.86 21.96 22.06 22.16 22.26 22.36 22.46 22.56 22.66 22.76
25 22.86 22.96 23.06 23.15 23.25 23.35 23.45 23.55 23.65 23.75
26 23.85 23.95 24.05 24.15 24.25 24.35 24.45 24.55 24.65 24.75
27 24.85 24.95 25.05 25.15 25.24 25.34 25.44 25.64 25.64 25.74
28 25.84 25.94 26.04 26.14 26.24 26.34 26.44 26.54 26.64 26.74
29 26.84 26.94 27.04 27.14 27.24 27.34 27.44 27.54 27.64 27.73
30 27.83 27.93 28.03 28.13 28.23 28.33 28.43 28.53 28.63 28.73
31 28.83 28.93 29.03 29.13 29.23 29.33 29.43 29.53 29.63 29.73
32 29.83 29.93 30.03 30.13 30.23 30.33 30.43 30.563 30.63 30.72
33 30.82 30.92 31.02 31.12 31.22 31.32 31.42 31.52 31.62 31.72
34 31.82 31.92 32.02 32.12 32.22 32.32 32.42 32.52 32.62 32.72
35 32.82 32.92 33.02 33.12 33.22 33.32 33.42 33.52 33.62 33.72
36 33.82 33.92 34.02 34.12 34.22 34.31 34.41 34.51 34.61 34.71
37 34.81 34.91 35.01 35.11 35.21 35.31 35.41 35.51 35.61 35.71
38 35.81 35.91 36.01 36.11 36.21 36.31 36.41 36.51 36.61 36.71
39 36.81 36.91 37.01 37.11 37.21 37.31 37.41 37.51 37.61 37.71
40 37.81 37.91 38.01 38.11 38.21 38.31 38.41 38.51 38.61 38.71
2
Note: Runoff value determined by equation Q= m
P+0.8S
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Table 11-C.36. NRCS Rainfall-Runoff Table for CN = 85
Runoff for inches of rainfall —Cuarve no. 85
---------------------------------------- Tenthg ----coommm oo

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.09 0.13
1 0.17 0.22 0.28 0.33 0.39 0.45 0.52 0.58 0.65 0.72
2 0.80 087  0.95 1.02 1.10 1.18 1.26 1.34 1.42 1.51
3 1.59 1.68 1.76 1.85 1.93 2.02 2l 2.19 228 2.37
4 2.46 2.55 2.64 2.73 2.82 2.91 3.00 3.10 3.19 3.28
5 3.37 3.46 3.56 3.65 3.74 3.84 3.93 4.02 4.12 4.21
6 4.31 440  4.50 4,59 4.68 4.78 4.87 4.97 5.07 5.16
7 5.26 5.35 5.45 5.54 5.64 5.74 5.83 5.93 6.02 6.12
8 6.22 6.31 6.41 6.51 6.60 6.70 6.80 6.89 6.99 7.09
9 7.19 7.28 7.38 7.48 7.57 7.67 T 0T T.8T 7.96 8.06
10 8.16 826  8.35 8.45 8.55 8.65 8.75 8.84 8.94 9.04
11 9.14 924  9.33 9.43 9.53 9.63 9.73 9.82 9.92 10.02
12 10:12 1022 1032 1041 @ 1061 1087 10.71 10.81 10.91 11.00
13 11.10  11.20 11.30 11.40 1150  11.60 11.69 11.79 11.89 11.99
14 12.09 12.19 1229 1239 1248 12.58 12.68 12.78 12.88 12.98
15 13.08 1318 1327 18.37 1347 13.57 13.67 18.77 13.87 18.97
16 14.07 14.16 14.26 14.36  14.46  14.56 14.66 14.76 14.86 14.96
17 15.06 1516 1525 1535 1545  15.55 15.65 15.75 15.85 15.95
18 16.05 16.15 16.25 16.35 16.44  16.54 16.64 16.74 16.84 16.94
19 17.04 17.14 1724 1734 1744  17.54 17.64 17.73 17.83 17.93
20 18.03 18.13 1823 18.33  18.43  18.53 18.63 18.73 18.83 18.93
21 19.03  19.13 19.23 19.32  19.42  19.52 19.62 1972 19.82 19.92
22 20.02 2012 2022 20.32 2042  20.52 20.62 20.72 20.82 20.92
23 siof BLI1 @120 9131 8141 2151 21.61 21.71 21.81 21.91
24 2991 2201 9291 223l 824l 2asl 292.61 2271 22.81 22.91
25 23.01 2310 2320 2330 2340 2350 23.60 23.70 23.80 23.90
26 2400  24.10 2420 2430 2440 2450 24.60 24.70 24.80 24.90
27 25.00 25.10 2520 2530 2540  25.50 25.59 25.69 25.79 25.89
28 2599 26.09 26.19 2629  26.39  26.49 26.59 26.69 26.79 26.89
29 26.99 27.09 27.19 2729  27.39  27.49 27.59 27.69 27.79 27.89
30 27.99 28.00 2819 2829 2839  28.49 28.58 28.68 28.78 28.88
31 28.98 29.08 29.18 29.28  29.38  20.48 29.58 29.68 29.78 29.88
32 29.98 30.08 30.18 30.28  30.38  30.48 30.58 30.68 30.78 30.88
33 3098 31.08 3118 31.28 3138 3148 31.58 31.68 31.78 31.88
34 31.98 32,08 3217 3227 3237 3247 32.57 32.67 32.77 32.87
35 32.97 33.07 38317 3327 3337 3347 33.57 33.67 33.77 33.87
36 8397 9407 SAlT 9497 2437 8147 34,57 34.67 34.77 34.87
37 3497 385.07 38517 3527 3537 3547 35.57 35.67 35.77 35.87
38 35.97 36.07 36.17 36.27  36.37  36.47 36.57 36.67 36.77 36.86
39 36.96 37.06 37.16 37.26 37.36  37.46 37.56 37.66 37.76 37.86
40 37.96 38.06 38.16 38.26 38.36  38.46 38.56 38.66 38.76 38.86

, ) (P-028)
Note: Runoff value determined by equation Q=-———

P +0.8S
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Table 11-C.37. NRCS Rainfall-Runoff Table for CN = 86

July 2013

Runoff for inches of rainfall —Curve no. 86

——————————————————————————————————————— Tenths -----commmie i
Inches 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.07 0.11 0.15
1 0.20 0.25 0.31 0.36 0.43 0.49 0.56 0.63 0.70 0.77
2 0.85 0.92 1.00 1.08 1.16 1.24 1.32 1.41 1.49 1.58
3 1.66 1.75 1.83 1.92 2.01 2.10 2.19 2.27 2.36 2.45
4 2.54 2.64 2.73 2.82 2.91 3.00 3.09 3.19 3.28 3.37
5 3.47 3.56 3.65 3.75 3.84 3.93 4.03 412 4.22 4.31
6 4.41 4.50 4.60 4.69 4.79 4.88 4.98 5.08 5.17 52T
7 5.36 5.46 5.56 5.65 5.75 5.85 5.94 6.04 6.14 6.23
8 6.33 6.43 6.52 6.62 6.72 6.82 6.91 7.01 7.11 7.20
9 7.30 7.40 7.50 7.59 7.69 7.79 7.89 7.99 8.08 8.18
10 8.28 8.38 8.47 8.57 8.67 8.77 8.87 8.97 9.06 9.16
11 9.26 9.36 9.46 9.55 9.65 9.76 9.85 9.95 10.05 10.15
12 10.24 10.34 10.44 10.54 10.64 10.74 10.84 10.93 11.03 1818
13 11.23 11.33 11.43 11.53 11.62 11.72 11.82 11.92 12.02 12.12
14 12.22 12.32 12.42 12.51 12.61 1271 12.81 12.91 13.01 13.11
15 13.21 13.31 13.40 13.50 13.60 13.70 13.80 13.90 14.00 14.10
16 14.20 14.30 14.40 14.49 14.59 14.69 14.79 14.89 14.99 15.09
17 15.19 15.29 15.39 15.49 15.59 15.69 15.78 15.88 15.98 16.08
18 16.18 16.28 16.38 16.48 16.58 16.68 16.78 16.88 16.98 17.08
19 1. 17 AT 17.3% 17.47 1757 17.67 17.77 17.87 197 18.07
20 18.17 18.27 18.37 18.47 18.57 18.67 18.77 18.86 18.96 19.06
21 19.16 19.26 19.36 19.46 19.56 19.66 19.76 19.86 19.96 20.06
22 20.16 20.26 20.36 20.46 20.56 20.66 20.76 20.85 20.95 21.05
23 2115 21.25 21.35 21.45 21.55 21.65 21.75 21.85 21.95 22.05
24 22,15 22.25 22.36 22.45 22.55 22.65 22.75 22.85 22.95 23.05
25 2315 23.24 23.34 23.44 23.54 23.64 23.74 23.84 23.94 24.04
26 24,14 24.24 24.34 24.44 24.54 24.64 24.74 24.84 24.94 25.04
L 25.14 256.24 256.84 256.44 256.54 25.64 25.74 25.84 25.94 26.03
28 26.13 26.23 26.33 26.43 26.53 26.63 26.73 26.83 26.93 27.03
29 2. 13 27.23 27.33 27.43 27.63 27.63 27.73 27.83 27.93 28.03
30 28.13 28.23 28.33 28.43 28.53 28.63 28.73 28.83 28.93 29.03
31 29.13 29.23 29.33 29.43 29.53 29.62 29.72 29.82 29.92 30.02
32 30.12 30.22 30.32 30.42 30.52 30.62 30.72 30.82 30.92 31.02
33 31.12 31.22 31.32 31.42 31.52 31.62 31.72 31.82 31.92 32.02
34 32.12 32.22 32.32 32.42 32.52 32.62 32,72 32.82 32.92 33.02
35 33.12 33.22 33.32 33.42 33.52 33.62 33.72 33.82 33.92 34.02
36 34.12 34.22 34.31 34.41 34.51 34.61 34.71 34.81 34.91 35.01
37 36,11 35.21 3b.31 35.41 36.51 35.61 35.71 35.81 35.91 36.01
38 36.11 36.21 36.31 36.41 36.51 36.61 36.71 36.81 36.91 37.01
39 S 37.21 37.31 37.41 37.51 37.61 37.71 37.81 37.91 38.01
40 38.11 38.21 38.31 38.41 38.51 38.61 38.71 38.81 38.91 39.01
2
Note: Runoff value determined by equation Q= (13_—028)-
P+0.8S
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Table 11-C.38. NRCS Rainfall-Runoff Table for CN = 87
Runeoff for inches of rainfall —Curve neo. 87
---------------------------------------- Tenths -----mcemmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.01 0.02 0.05 0.09 0.13 0.17
1 0.22 0.28 0.34 0.40 0.47 0.54 0.61 0.68 0.75 0.83
2 0.91 0.99 1.07 1.15 1.23 1.31 1.40 1.48 1.57 1.65
3 1.74 1.83 1.92 2.01 2.10 2.19 2.28 2.37 2.46 2.55
4 2.64 2.73 2.82 2.92 3.01 3.10 3.20 3.29 3.38 3.48
5 3.57 3.66 3.76 3.85 3.95 4.04 4.14 4.23 4.33 4.43
6 4.52 4.62 4.71 4.81 4.90 5.00 5.10 5.19 5.29 5.39
7 5.48 5.58 5.68 5.77 5.87 5.97 6.06 6.16 6.26 6.36
8 6.45 6.55 6.65 6.75 6.84 6.94 7.04 7.14 7.23 7.33
9 7.43 7.53 7.63 7.72 7.82 7.92 8.02 8.12 8.21 8.31
10 8.41 8.51 8.61 8.71 8.80 8.90 9.00 9.10 9.20 9.30
11 9.39 9.49 9.59 9.69 9.79 9.89 9.99 10.08 10.18 10.28
12 10.38 1048 1058 10.68  10.78  10.87 10.97 11.07 11.17 11.27
13 11.87 11.47 1157 11.67 11.76  11.86 11.96 12.06 12.16 12.26
14 12.36 1246 1256 12.66  12.75  12.85 12.95 13.05 13.15 13.25
15 13.35 1345 1355 13.65 13.75  13.85 13.94 14.04 14.14 14.24
16 14.34 1444 1454 1464 14.74  14.84 14.94 15.04 15.14 15.23
17 15.33 1543 1553 1563  15.73  15.83 15.93 16.03 16.13 16.23
18 16.33  16.43 1653 16.63  16.73  16.82 16.92 17.02 17.12 17.22
19 17.32 1742 1752 17.62  17.72  17.82 17.92 18.02 18.12 18.22
20 1832 1842 1852 1862 . 18.71  18.81 18.91 19.01 19.11 19.21
21 19.31  19.41 1951 1961  19.71  19.81 19.91 20.01 20.11 20.21
22 20.31 2041 2051 20.61  20.71  20.81 20.91 21.00 21.10 21.20
23 21.30 21.40 2150 21.60  21.70  21.80 21.90 22.00 22.10 22.20
24 22.30 2240 2250 22.60 2270  22.80 22.90 23.00 23.10 23.20
25 23.30 2340 2350 2360 23.70  23.80 23.89 23.99 24.09 24.19
26 2429 24.39 2449 2459  24.69  24.79 24.89 24.99 25.09 25.19
27 2529 25.39 2549 2559 2569  25.79 25.89 25.99 26.09 26.19
28 26.29 26.39 2649 2659  26.69  26.79 26.89 26.99 27.09 27.19
29 2729 27.39 2749 2758  27.68  27.78 27.88 27.98 28.08 28.18
30 28.28 28.38 2848 2858  28.68  28.78 28.88 28.98 29.08 29.18
31 2928 29.38 2948 2958  29.68  29.78 29.88 29.98 30.08 30.18
32 30.28 30.38 30.48 30.58  30.68  30.78 30.88 30.98 31.08 31.18
33 31.28 31.38 3148 3158 31.68  31.78 31.88 31.98 32.08 32.18
34 32.28 32.37 8247 3257 38267  32.77 32.87 32.97 33.07 38.17
35 33.27 33.37 3347 8357  33.67  33.77 33.87 33.97 34.07 34.17
36 34.27 34.37 8447 3457  34.67  34.77 34.87 34.97 35.07 35.17
37 35.27 3537 8547 3557 3567  385.77 35.87 35.97 36.07 36.17
38 36.27 36.37 36.47 36.57  36.67  36.77 36.87 36.97 .  37.07 37.17
39 37.27 37.37 3747 3757  37.67  37.77 37.87 37.97 38.07 38.17
40 38.27 38.37 3847 3857  38.67  38.77 38.87 38.96 39.06 39.16
A _ (P-0.28)
Note: Runoff value determined by equation Q = -
P +0.88

Table 11-C.39. NRCS Rainfall-Runoff Table for CN = 88
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Runoff for inches of rainfall—Curve no. 88

---------------------------------------- Tenths ----------mmm e
Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.01 0.03 0.06 0.10 0.15 0.20
1 0.25 0.31 0.38 0.44 0.51 0.58 0.66 0.73 0.81 0.89
2 0.97 1.05 1.13 1.21 1.30 1.38 1.47 1.56 1.64 1.73
3 1.82 1.91 2.00 2.09 2.18 2.27 2.36 2.45 2.55 2.64
4 2.73 2.82 2.92 3.01 3.11 3.20 3.29 3.39 3.48 3.58
5 3.67 3.77 3.86 3.96 4.05 4.15 4.24 4.34 4.44 4.53
6 4.63 4.73 4.82 4.92 5.02 5.11 5.21 5.31 5.40 5.50
7 5.60 5.69 5.79 5.89 5.99 6.08 6.18 6.28 6.38 6.47
8 6.57 6.67 6.77 6.87 6.96 7.06 7.16 7.26 7.36 7.45
9 7.55 7.65 7.75 7.85 7.94 8.04 8.14 8.24 8.34 8.44
10 8.563 8.63 8.73 8.83 8.93 9.03 9.13 9.22 9.32 9.42
11 9.52 9.62 9.72 9.82 9.92 10.01 10.11 10.21 10.31 10.41
12 10.51 10.61 10.71 10.81 10.91 11.00 11.10 11.20 11.30 11.40
13 11.50 11.60 11.70 11.80 11.90 11.99 12.09 12.19 12.29 12.39
14 12.49 12.59 12.69 12.79 12.89 12.99 13.09 13.19 13.28 13.38
15 13.48 13.58 13.68 13.78 13.88 13.98 14.08 14.18 14.28 14.38
16 14.48 14.58 14.67 14.77 14.87 14.97 15.07 15.17 15.27 15.37
17 15.47 15.57 15.67 16.77 15.87 15.97 16.07 16.17 16.27 16.37
18 16.46 16.56 16.66 16.76 16.86 16.96 17.06 17.16 17.26 17.36
19 17.46 17.56 17.66 17.76 17.86 17.96 18.06 18.16 18.26 18.36
20 18.46 18.56 18.65 18.75 18.85 18.95 19.05 19.15 19.25 19.35
21 19.45 19.55 19.65 19.75 19.85 19.95 20.05 20.15 20.256 20.35
22 20.45 20.55 20.65 20.75 20.85 20.95 21.05 21.15 21.25 21.35
23 21.44 21.54 21.64 21.74 21.84 21.94 22.04 22.14 22.24 22.34
24 22.44 22.54 22.64 22.74 22.84 22.94 23.04 23.14 23.24 23.34
25 23.44 23.54 23.64 23.74 23.84 23.94 24.04 24.14 24.24 24.34
26 24.44 24.54 24.64 24.74 24.84 24.94 25.03 25.13 25.23 25.33
27 25.43 25.53 25.63 25.73 25.83 25.93 26.03 26.13 26.23 26.33
28 26.43 26.53 26.63 26.73 26.83 26.93 27.03 27.13 27.23 27.33
29 27.43 27.53 27.63 27.73 27.83 27.93 28.03 28.13 28.23 28.33
30 28.43 28.53 28.63 28.73 28.83 28.93 29.03 29.13 29.23 29.33
31 29.43 29.53 29.63 29.73 29.82 29.92 30.02 30.12 30.22 30.32
32 30.42 30.52 30.62 30.72 30.82 30.92 31.02 31.12 31.22 31.32
33 31.42 31.52 31.62 31.72 31.82 31.92 32.02 32.12 32.22 32.32
34 32.42 32.52 32.62 32.72 32.82 32.92 33.02 33.12 33.22 33.32
35 33.42 33.52 33.62 33.72 33.82 33.92 34.02 34.12 34.22 34.32
36 34.42 34.52 34.62 34.72 34.82 34.92 35.02 35.12 35.22 35.32
37 35.42 35.52 35.62 35.72 35.82 35.92 36.02 36.12 36.22 36.32
38 36.42 36.52 36.62 36.71 36.81 36.91 37.01 37.11 37.21 37.31
39 37.41 37.51 37.61 37.71 37.81 37.91 38.01 38.11 38.21 38.31
40 38.41 38.51 38.61 38.71 38.81 38.91 39.01 39.11 39.21 39.31
2
Note: Runoff value determined by equation Q= m
P+0.8S

Table 11-C.40. NRCS Rainfall-Runoff Table for CN = 89

11-C-42



DRAFT Virginia Stormwater Management Handbook, Chapter 11

July 2013

Runoff for inches of rainfall—Curve no. 89

---------------------------------------- Tenths --------mcmmmmm e e

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.00 0.02 0.04 0.08 0.12 0.17 0.22
1 0.28 0.35 0.41 0.48 0.55 0.63 0.71 0.78 0.86 0.94
2 1.03 1.11 1.19 1.28 1.37 1.45 1.54 1.63 1.72 1.81
3 1.90 1.99 2.08 2.17 2.26 2.35 2.45 2.64 2.63 2.73
4 2.82 2.91 3.01 3.10 3.20 3.29 3.39 3.48 3.58 3.67
5 3.77 3.86 3.96 4.06 4.15 4.26 4.35 4.44 4.54 4.64
6 4.73 4.83 4.93 5.02 5.12 5.22 5.31 5.41 5.61 5.61
7 5.70 5.80 5.90 6.00 6.10 6.19 6.29 6.39 6.49 6.58
8 6.68 6.78 6.88 6.98 7.08 7.17 7.27 7.37 7.47 7.57
9 7.67 7.76 7.86 7.96 8.06 8.16 8.26 8.36 8.45 8.55
10 8.65 8.76 8.85 8.95 9.05 9.15 9.24 9.34 9.44 9.54
11 9.64 9.74 9.84 9.94 10.04 10.14 10.23 10.33 10.43 10.53
12 10.63 10.73 10.83 10.93 11.03 11.13 11.23 11.32 11.42 11.52
13 11.62 11.72 11.82 11.92 12.02 12.12 12.22 12.32 12.42 12.52
14 12.61 12.71 12.81 12,91 13.01 13.11 13.21 13.31 13.41 13.51
15 13.61 13.71 13.81 13.91 14.01 14.11 14.20 14.30 14.40 14.50
16 14.60 14.70 14.80 14.90 15.00 15.10 15.20 15.30 15.40 15.50
17 15.60 15.70 15.80 15.90 16.00 16.10 16.19 16.29 16.39 16.49
18 16.59 16.69 16.79 16.89 16.99 17.09 17.19 17.29 17.39 17.49
19 17.59 17.69 17.79 17.89 17.99 18.09 18.19 18.29 18.39 18.49
20 18.59 18.68 18.78 18.88 18.98 19.08 19.18 19.28 19.38 19.48
21 19.58 19.68 19.78 19.88 19.98 20.08 20.18 20.28 20.38 20.48
22 20.58 20.68 20.78 20.88 20.98 21.08 21.18 21.28 21.38 21.48
23 21.58 21.68 21.78 21.88 21.98 22.07 22.17 22.27 22.37 22.47
24 22.57 22.67 22.77 22.87 22.97 23.07 23.17 23.27 23.37 23.47
25 23.57 23.67 23.77 23.87 23.97 24.07 24.17 24.27 24.37 24.47
26 24.57 24.67 24.77 24.87 24.97 25.07 25.17 25.27 25.37 25.47
27 25.57 25.67 25.77 25.87 25.97 26.07 26.17 26.27 26.37 26.47
28 26.57 26.66 26.76 26.86 26.96 27.06 27.16 27.26 27.36 27.46
29 27.56 27.66 27.76 27.86 27.96 28.06 28.16 28.26 28.36 28.46
30 28.56 28.66 28.76 28.86 28.96 29.06 29.16 29.26 29.36 29.46
31 29.56 29.66 29.76 29.86 29.96 30.06 30.16 30.26 30.36 30.46
32 30.56 30.66 30.76 30.86 30.96 31.06 31.16 31.26 31.36 31.46
33 31.56 31.66 31.76 31.86 31.96 32.06 32.16 32.26 32.36 32.46
34 32.56 32.66 32.76 32.86 32.96 33.06 33.16 33.26 33.35 33.45
35 33.55 33.65 33.75 33.85 33.95 34.05 34.15 34.25 34.35 34.45
36 34.55 34.65 34.75 34.85 34.95 35.05 35.15 35.25 35.35 35.45
37 35.55 35.65 35.75 35.85 35.95 36.05 36.15 36.25 36.35 36.45
38 36.55 36.65 36.75 36.85 36.95 37.05 37.16 37.25 37.3b 37.45
39 37.55 37.65 37.75 37.85 37.95 38.05 38.15 38.25 38.35 38.45
40 38.55 38.65 38.75 38.85 38.95 39.05 39.15 39.25 39.35 39.45

, , (P-0.28)°
Note: Runoff value determined by equation Q =
P+0.8S

Table 11-C.41. NRCS Rainfall-Runoff Table for CN = 90
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Runoff for inches of rainfall—Curve no. 90

---------------------------------------- Tenths -------mvrmom e
Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.01 0.02 0.06 0.10 0.14 0.20 0.26
1 0.32 0.39 0.46 0.53 0.61 0.68 0.76 0.84 0.93 1.01
2 1.09 1.18 1.27 1.35 1.44 1.53 1.62 1.71 1.80 1.89
3 1.98 2.08 2.17 2.26 2.36 2.45 2.54 2.64 2.73 2.83
4 2.92 3.02 3.11 3.21 3.30 3.40 3.49 3.59 3.68 3.78
5 3.88 3.97 4.07 4.17 4.26 4.36 4.46 4.56 4.65 4.75
6 4.85 4.94 5.04 5.14 5.24 5.33 5.43 5.53 5.63 5.73
7 5.82 5.92 6.02 6.12 6.22 6.31 6.41 6.51 6.61 6.71
8 6.81 6.91 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.69
9 7.79 7.89 7.99 8.09 8.19 8.29 8.39 8.48 8.58 8.68
10 8.78 8.88 8.98 9.08 9.18 9.28 9.38 9.47 9.57 9.67
11 9.77 9.87 9.97 10.07 10.17 10.27 10.37 10.47 10.57 10.66
12 10.76 10.86 10.96 11.06 11.16 11.26 11.36 11.46 11.56 11.66
13 11.76 11.86 11.96 12.06 12.15 12.25 12.35 12.45 12.55 12.65
14 12.75 12.85 12.95 13.05 13.15 13.25 13.35 13.45 13.55 13.65
15 13.76 13.85 13.94 14.04 14.14 14.24 14.34 14.44 14.54 14.64
16 14.74 14.84 14.94 15.04 15.14 15.24 15.34 15.44 15.54 15.64
17 15.74 15.84 15.94 16.04 16.14 16.24 16.33 16.43 16.563 16.63
18 16.73 16.83 16.93 17.03 17.13 17.23 17.33 17.43 17.53 17.63
19 17.73 17.83 17.93 18.03 18.13 18.23 18.33 18.43 18.53 18.63
20 18.73 18.83 18.93 19.03 19.13 19.23 19.33 19.43 19.52 19.62
21 19.72 19.82 19.92 20.02 20.12 20.22 20.32 20.42 20.52 20.62
22 20.72 20.82 20.92 21.02 21.12 21.22 21.32 21.42 21.52 21.62
23 21.72 21.82 21.92 22.02 22.12 22.22 22.32 22.42 22.52 22.62
24 22.72 22.82 22.92 23.02 23.12 23.22 23.32 23.42 23.52 23.62
25 23.72 23.82 23.92 24.02 24.11 24.21 24.31 24.41 24.51 24.61
26 24.71 24.81 24.91 25.01 25.11 256.21 25.31 25.41 25.561 25.61
27 25.71 25.81 2591 26.01 26.11 26.21 26.31 26.41 26.51 26.61
28 26.71 26.81 26.91 27.01 27.11 27.21 27.31 27.41 27.561 27.61
29 27.71 27.81 27.91 28.01 28.11 28.21 28.31 28.41 28.51 28.61
30 28.71 28.81 28.91 29.01 29.11 29.21 29.31 29.41 29.51 29.61
31 29.71 29.81 29.91 30.01 30.11 30.21 30.31 30.41 30.51 30.61
32 30.71 30.81 30.91 31.01 31.11 31.20 31.30 31.40 31.50 31.60
33 31.70 31.80 31.90 32.00 32.10 32.20 32.30 32.40 32.50 32.60
34 32.70 32.80 32.90 33.00 33.10 33.20 33.30 33.40 33.50 33.60
35 33.70 33.80 33.90 34.00 34.10 34.20 34.30 34.40 34.50 34.60
36 34.70 34.80 34.90 35.00 35.10 35.20 35.30 35.40 35.50 35.60
37 35.70 35.80 35.90 36.00 36.10 36.20 36.30 36.40 36.50 36.60
38 36.70 36.80 36.90 37.00 37.10 37.20 37.30 37.40 37.50 37.60
39 37.70 37.80 37.90 38.00 38.10 38.20 38.30 38.40 38.50 38.60
40 38.70 38.80 38.90 39.00 39.10 39.20 39.30 39.40 39.50 39.60
. . (P-0.28)’
Note: Runoff value determined by equation Q =-————
P+0.8S

Table 11-C.42. NRCS Rainfall-Runoff Table for CN =91
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Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.01 0.03 0.07 0.12 0.17 0.23 0.29
1 0.36 0.43 0.50 0.58 0.66 0.74 0.82 0.91 0.99 1.08
2 1.16 1.25 1.34 1.43 1.52 1.61 1.70 1.79 1.89 1.98
3 2.07 2.16 2.26 2.35 2.45 2.54 2.64 2.73 2.83 2.92
4 3.02 3.11 3.21 3.31 3.40 3.50 3.59 3.69 3.79 3.89
5 3.98 4.08 4.18 4.27 4.37 4.47 4.57 4.66 4.76 4.86
6 4.96 5.06 5.15 5.25 5.35 5.45 5.55 5.64 5.74 5.84
7 5.94 6.04 6.14 6.23 6.33 6.43 6.53 6.63 6.73 6.83
8 6.92 7.02 7.12 7.22 7.32 7.42 7.52 7.62 7.72 7.81
9 7.91 8.01 8.11 8.21 8.31 8.41 8.51 8.61 8.71 8.80

10 8.90 9.00 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80
11 9.90 10.00 10.09 10.19 10.29 10.39 10.49 10.59 10.69 10.79
12 10.89 10,99  11.09  11.19 11.29 11.39 11.49 11.59 11.69 11.78
13 11.88 11.98 12.08 12.18 12.28 12.38 12.48 12.58 12.68 12.78
14 12.88 12.98 13.08  13.18 13.28 13.38 13.48 13.58 13.68 13.78
15 13.88 13.97 14.07 14.17 14.27 14.37 14.47 14.57 14.67 14.77
16 14.87 14.97 15.07 15.17 15.27 15.37 15.47 15.57 15.67 15.77
17 15.87 15.97 16.07 16.17 16.27 16.37 16.47 16.57 16.67 16.77
18 16.87 16.96 17.06 17.16 17.26 17.36 17.46 17.56 17.66 17.76
19 17.86 17.96 18.06 18.16 18.26 18.36 18.46 18.56 18.66 18.76
20 18.86 18.96 19.06 19.16 19.26 19.36 19.46 19.56 19.66 19.76
21 19.86 19.96  20.06  20.16 20.26 20.36 20.46 20.56 20.66 20.76
22 20.86 20.96 21.06 21.16 21.26 21.36 21.46 21.55 21.66 21.75
23 21.85 21.95  22.05 22.15 22.25 22.35 22.45 22.55 22.65 22.75
24 22.85 22.95 23.06  23.15 23.25 23.35 23.45 23.55 23.65 23.75
25 23.85 23.95 24.05  24.15 24.25 24.35 24.45 24.55 24.65 24.75
26 24.85 24.95 26.06  25.15 25.25 25.35 25.45 25.55 25.65 25.75
27 25.856 2595  26.06  26.15 26.25 26.35 26.45 26.55 26.65 26.75
28 26.85  26.95 27.06  27.15 27.25 27.35 27.45 27.55 27.65 27.75
29 2785 2795 28.056 28.15 28.25 28.35 28.45 28.55 28.65 28.75
30 28.84 2894 29.04 290.14 29.24 29.34 29.44 29.54 29.64 29.74
31 29.84 29.94 30.04 30.14 30.24 30.34 30.44 30.54 30.64 30.74
32 30.84 30.94 31.04 31.14 31.24 31.34 31.44 31.54 31.64 31.74
33 31.84 31.94 32.04 32.14 32.24 32.34 32.44 32.54 32.64 32.74
34 32.84 32.94 33.04 33.14 33.24 33.34 33.44 33.54 33.64 33.74
35 33.84 3394 34.04 34.14 34.24 34.34 34.44 34.54 34.64 34.74
36 34.84 3494 35.04 35.14 35.24 35.34 35.44 35.54 35.64 35.74
37 356.84 3594 36.04 36.14 36.24 36.34 36.44 36.54 36.64 36.74
38 36.84 36.94 37.04 37.14 37.24 37.34 37.44 37.54 37.64 37.74
39 37.84 3794 38.04 38.14 38.24 38.34 38.44 38.54 38.64 38.74
40 38.84 3894 39.04 39.14 39.24 39.34 39.44 39.54 39.64 39.74
(P-0.25)"

Note: Runoff value determined by equation Q=
P+0.8S

Table 11-C.43. NRCS Rainfall-Runoff Table for CN = 92
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---------------------------------------- Tenths -------omommm e

Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.02 0.05 0.09 0.14 0.20 0.26 0.33
i 0.40 0.48 0.56 0.64 0.72 0.80 0.89 0.97 1.06 1.15
2 1.24 1.33 1.42 1.51 1.60 1.69 7Y 1.88 1.97 2.07
3 2.16 2.26 2.35 2.45 2.54 2.64 2.73 2.83 2.92 3.02
4 3.12 3.21 3.31 3.41 3.50 3.60 3.70 3.80 3.89 3.99
5 4.09 4.19 4.28 4.38 4.48 4.58 4.68 4.77 4.87 4.97
6 5.07 5.17 5.27 5.36 5.46 5.56 5.66 5.76 5.86 5.96
7 6.05 6.15 6.25 6.35 6.45 6.55 6.65 6.75 6.85 6.94
8 7.04 7.14 7.24 7.34 7.44 7.54 7.64 7.74 7.84 7.93
9 8.03 8.13 8.23 8.33 8.43 8.53 8.63 8.73 8.83 8.93
10 9.03 9.13 9.23 9.32 9.42 9.62 9.62 9.72 9.82 9.92
11 10.02 10.12 10.22 10.32 10.42 10.52 10.62 10.72 10.82 10.92
12 11.02 11.12 11.21 11.31 11.41 11.51 11.61 11.71 11.81 118
13 12,00 1211 1221 281 1241 1251 12.61 1271 12.81 12.91
14 13.01 13.11 13.21 13.31 13.41 13.561 13.61 18.71 13.80 13.90
15 14.00 14.10 14.20 14.30 14.40 14.50 14.60 14.70 14,80 14.90
16 15.00 1510 1520 1530 1540  15.50 15.60 15.70 15.80 15.90
17 16.00 16.10 16.20 16.30 16.40 16.50 16.60 16.70 16.80 16.90
18 17.00 17.10 17.20 17.30 17.40 17.50 17.60 i) 17.79 17.88
19 17:99 18.09 18.19 18.29 18.39 18.49 18.59 18.69 189 18.89
20 18.99 19.09 19.19 19.29 19.39 19.49 19.59 19.69 19.79 19.89
21 19.99  20.09 20.19  20.29 20.39 20.49 20.59 20.69 20.79 20.89
22 2099 21.09 21.19 21.29 21.39 21.49 21.59 21.69 21.79 21.89
23 21.99 22.09 22.19 22.29 22.39 22.49 22.59 22.69 22.79 22.89
24 2299 23.09 23.19 23.29 23.39 23.49 23.59 23.69 23.79 23.89
25 23.99 24.09 2419 2429 2439 2448  24.58 24.68 24.78 24.88
26 24.98  25.08 25.18  25.28 25.38 25.48 25.58 25.68 25.78 25.88
27 25.98 26.08 26.18 26.28  26.38 2648  26.58 26.68 26.78 26.88
28 26.98 27.08 27.18 27.28 27.38 27.48 27.58 27.68 27.78 27.88
29 27.98 28.08 28.18 28.28 28.38 28.48 28.58 28.68 28.78 28.88
30 28.98  20.08 29.18  29.28 29.38 29.48 29.58 29.68 29.78 29.88
31 29.98  30.08 30.18  30.28 30.38 30.48 30.58 30.68 30.78 30.88
32 30.98 31.08 31.18 31.28 31.38 31.48 31.58 31.68 31.78 31.88
33 31.98  32.08 32.18  32.28 32.38 32.48 32.58 32.68 32.78 32.88
34 32.98 33.08 33.18  33.28 33.38 33.48 33.58 33.68 33.78 33.88
35 33.98 3408 3418 34.28 3438 3448  34.58 34.68 34.78 34.88
36 34.98 35.08 35.18  356.28 35.38 36.48 35.58 35.68 35.78 35.88
37 35.98 36.08 36.18  36.28 36.38 36.48 36.58 36.68 36.78 36.88
38 36.98 37.08 37.18 37.28 37.38 37.48 37.58 37.68 37.78 37.88
39 37.98 38.08 38.17 38.27 38.37 38.47 38.57 38.67 38.77 38.87
40 38.9Y 39.07 39.17 39.27 39.37 39.47 39.57 39.67 39.77 39.87

(P-0.28)*

Note: Runoff value determined by equation Q=
P+0.8S

Table 11-C.44. NRCS Rainfall-Runoff Table for CN =93
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Runoff for inches of rainfall—Curve no. 93

---------------------------------------- Tenths ----ccmmmm e

Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.00 0.02 0.06 0.11 0.17 0.23 0.30 0.37
1 0.45 0.563 0.61 0.69 0.78 0.87 0.95 1.04 1.13 1.22
2 1.31 1.41 1.50 1.59 1.69 1.78 1.87 1.97 2.06 2.16
3 2.25 2.35 2.45 2.54 2.64 2.73 2.83 2.93 3.03 3.12
4 3.22 3.32 3.41 3.51 3.61 3.71 3.81 3.90 4.00 4.10
5 4.20 4.30 4.39 4.49 4.59 4.69 4.79 4.89 4.98 5.08
6 5.18 5.28 5.38 5.48 5.58 5.68 5.78 5.87 5.97 6.07
7 6.17 6.27 6.37 6.47 6.57 6.67 6.77 6.86 6.96 7.06
8 7.16 7.26 7.36 7.46 7.56 7.66 7.76 7.86 7.96 8.06
9 8.16 8.25 8.35 8.45 8.55 8.65 8.75 8.85 8.95 9.05
10 9.15 9.25 9.35 9.45 9.55 9.65 9.75 9.85 9.95 10.05
11 10.15 10.24 10.34 10.44 10.54 10.64 10.74 10.84 10.94 11.04
12 11.14 11.24 11.34 11.44 11.54 11.64 11.74 11.84 11.94 12.04
13 12.14 12.24 12.34 12.44 12.54 12.64 12.74 12.84 12.94 13.04
14 13.14 13.23 13.33 13.43 13.53 13.63 13.73 13.83 13.93 14.03
15 14.13 14.23 14.33 14.43 14.53 14.63 14.73 14.83 14.93 15.03
16 15.13 15.23 15.33 15.43 15.53 15.63 15.73 15.83 15.93 16.03
17 16.13 16.23 16.33 16.43 16.53 16.63 16.73 16.83 16.93 17.03
18 17.13 17.23 17.33 17.43 17.53 17.63 17.73 17.83 17.93 18.03
19 18.13 18.23 18.33 18.42 18.52 18.62 18.72 18.82 18.92 19.02
20 19.12 19.22 19.32 19.42 19.52 19.62 19.72 19.82 19.92 20.02
21 20.12 20.22 20.32 20.42 20.52 20.62 20.72 20.82 20.92 21.02
22 21.12 21.22 21.32 21.42 21.52 21.62 21.72 21.82 21.92 22.02
23 22.12 22.22 22.32 22.42 22.52 22.62 22.72 22.82 22.92 23.02
24 23.12 23.22 23.32 23.42 23.52 23.62 23.72 23.82 23.92 24.02
25 24.12 24.22 24.32 24.42 24.52 24.62 24.72 24.82 24.92 25.02
26 25.12 25.22 25.32 25.42 25.52 25.62 25.72 25.82 25.92 26.02
27 26.12 26.22 26.32 26.42 26.52 26.62 26.72 26.82 26.92 27.02
28 27.12 27.22 27.32 27.42 27.52 27.62 27.72 27.82 27.92 28.02
29 28.12 28.22 28.32 28.42 28.52 28.62 28.72 28.82 28.92 29.01
30 29.11 29.21 29.31 29.41 29.51 29.61 29.71 29.81 29.91 30.01
31 30.11 30.21 30.31 30.41 30.51 30.61 30.71 30.81 30.91 31.01
32 31.11 31.21 31.31 31.41 31.51 31.61 31.71 31.81 31.91 32.01
33 32.11 32.21 32.31 32.41 32.51 32.61 32.71 32.81 32.91 33.01
34 33.11 33.21 33.31 33.41 33.51 33.61 33.71 33.81 33.91 34.01
35  |384.11 34.21 34.31 34.41 34.51 34.61 34.71 34.81 34.91 35.01
36 35.11 35.21 35.31 35.41 35.51 35.61 35.71 35.81 35.91 36.01
37 36.11 36.21 36.31 36.41 36.51 36.61 36.71 36.81 36.91 37.01
38 37.11 37.21 37.31 37.41 37.51 37.61 37.71 37.81 37.91 38.01
39 38.11 38.21 38.31 38.41 38.51 38.61 38.71 38.81 38.91 39.01
40 39.11 39.21 39.31 39.41 39.51 39.61 39.71 39.81 39.91 40.01

. o (p-02s)’
Note: Runoff value determined by equation Q = -————
P+0.8S

Table 11-C.45. NRCS Rainfall-Runoff Table for CN = 94
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i e N L L b e o i o e e e e e B e e e
Rumnoff for inches of rainfall -Curve no. 94

---------------------------------------- Tenths -----ccomcmmm il
Inches 0.0 0.1 0.2 0.3 0.4 0.6 0.6 0.7 0.8 0.9

0 0.00 0.00 0.01 0.04 0.08 0.14 0.20 0.27 0.35 0.42
1 0.50 0.59 0.67 0.76 0.85 0.94 1.03 15 L2 15321 1.30
2 1.40 1.49 1.58 1.68 177 1.87 1.97 2.06 2.16 2.25
3 2.35 2.45 2.64 2.64 2,74 2.84 2.93 3.03 3.13 3.23
4 3.32 3.42 3.52 3.62 3.72 3.82 3.91 4.01 4.11 4.21
5 4.31 4.41 4.51 4.60 4.70 4.80 4.90 5.00 5.10 5.20
6 5.30 5.40 5.50 5.59 5.69 5.79 5.89 5.99 6.09 6.19
7 6.29 6.39 6.49 6.59 6.69 6.79 6.88 6.96 7.08 7.18
8 7.28 7.36 7.48 7.58 7.68 7.78 7.88 7.98 8.08 8.18
9 8.28 8.38 8.48 8.58 8.68 8.78 8.87 8.97 9.07 LT
10 9.27 9.37 9.47 9.67 9.67 9.47 9.87 9.97 10.07 10.17
11 10.27 10.37 10.47 10.57 10.67 10.77 10.87 10.97 11.07 FIGET
12 11:2% 11.37 11.47 11.57 11.67 T1.77 11.87 11.97 12.06 12.16
13 1Z.26 12.36 12.46 12.56 12.66 12.76 12.86 12.96 13.06 13.16
14 13.26 13.36 13.46 13.56 13.66 13.76 13.86 13.96 14.06 14.16
15 14.26 14.36 14.46 14.56 14.66 14.76 14.86 14.96 15.06 15.16
16 15.26 15.36 15.46 15.56 15.66 15.76 15.86 15.96 16.06 16.16
17 16.26 16.36 16.46 16.56 16.66 16.76 16.86 16.96 17.06 17.16
18 17.26 17.36 17.46 17.56 17.66 17.76 17.86 17.96 18.06 18.16
19 18.26 18.36 18.46 18.56 18.65 18.76 18.85 18.95 19.05 19.15
20 19.25 19.86 19.45 19.55 19.65 19.75 19.85 19.95 20.05 20.15
21 20.25 20.35 20.45 20.56 20.65 20.75 20.85 20.95 21.056 2115
22 21.25 21.35 21.45 21.56 21.65 21.76 21.85 21.95 22.05 22.16
23 22.25 22.35 22.45 22.56 22.65 22.76 22.85 22.95 23.05 23.15
24 23.25 23.35 23.45 23.55 23.65 23.75 23.85 23.95 24.05 24.15
25 24.25 24.35 24.45 24.55 24.65 24.75 24.86 24.95 25.05 25.156
26 29.25 25:35 25.45 25.55 2b.65 26.76 26.85 2b.95 26.05 26.15
2 26.25 26.35 26.45 26.55 26.65 26.75 26.85 26.95 27.05 27.15
28 2725 27.3b 27.45 27.65 27.65 27.75 27.85 27.95 28.05 28.15
29 28.25 28.36 28.45 28.56 28.65 28.75 28.85 28.95 29.05 29.15
30 29.25 29.35 29.45 29.55 29.65 29.76 29.85 29.95 30.06 30,15
31 30.25 30.35 30.45 30.55 30.65 30.75 30.85 30.95 31.05 1l 15)
32 31.25 31.85 31.45 31.55 31.65 3L1.75 31.85 31.95 32.06 32.16
33 32.25 32.35 32.45 32.55 32.65 32.76 32.85 32.95 33.06 33,15
34 53.25 3335 3345 33.55 33.65 33.75 33.85 33.95 34.056 34.15
35 34.25 34.35 34.45 34.55 34.65 34.75 34.85 34.95 3505 39,15
36 35.25 35.35 35.45 35.55 35.65 35.75 35.85 35.95 36.05 36.15
37 36.25 36.35 36.45 36.55 36.65 36.75 36.85 36.95 37.06 37.14
38 37.24 37.34 37.44 37.54 37.64 37.74 37.84 37.94 38.04 38.14
39 38.24 38.34 38.44 38.54 38.64 38.74 38.84 38.94 39.04 39.14
40 39.24 39.34 39.44 39.54 39.64 39.74 39.84 39.94 40.04 40.14

2

Note: Runoff value determined by equation Q= B 0'25)

P+0.8S

Table 11-C.46. NRCS Rainfall-Runoff Table for CN = 95
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Runoff for inches of rainfall—Curve no. 95

---------------------------------------- Tenths ------cccmmm e

Inches | 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.01 0.05 0.11 0.17 0.24 0.32 0.40 0.48
1 0.56 0.65 0.74 0.83 0.92 1.01 1.11 1.20 1.29 1.39
2 1.48 1.58 1.67 1.77 1.87 1.96 2.06 2.16 2.25 2.35
3 2.45 2.55 2.65 2.74 2.84 2.94 3.04 3.14 3.23 3.33
4 3.43 3.53 3.63 3.73 3.83 3.93 4.02 4.12 4.22 432
5 4.42 4.52 4.62 4.72 4.82 4.92 5.01 5.11 5.21 5.31
6 5.41 5.51 5.61 5.71 5.81 5.91 6.01 6.11 6.21 6.31
7 6.41 6.51 6.61 6.70 6.80 6.90 7.00 7.10 7.20 7.30
8 7.40 7.50 7.60 7.70 7.80 7.90 8.00 8.10 8.20 8.30
9 8.40 8.50 8.60 8.70 8.80 8.90 9.00 9.10 9.20 9.30
10 9.40 9.50 9.59 9.69 9.79 9.89 9.99 10.09 10.19 10.29
11 10.39 10.49 10.59 10.69 10.79 10.89 10.99 11.09 11.19 11.29
12 11.39 11.49 11.59 11.69 11.79 11.89 11.99 12.09 12.19 12.29
13 12.39 12.49 12.59 12.69 12.79 12.89 12.99 13.09 13.19 13.29
14 13.39 13.49 13.59 13.69 13.79 13.89 13.99 14.09 14.19 14.29
15 14.39 14.49 14.59 14.69 14.79 14.89 14.99 15.09 15.19 15.29
16 15.39 15.49 15.59 15.69 15.79 15.89 15.99 16.08 16.18 16.28
17 16.38 16.48 16.58 16.68 16.78 16.88 16.98 17.08 17.18 17.28
18 17.38 17.48 17.568 17.68 17.78 17.88 17.98 18.08 18.18 18.28
19 18.38 18.48 18.58 18.68 18.78 18.88 18.98 19.08 19.18 19.28
20 19.38 19.48 19.58 19.68 19.78 19.88 19.98 20.08 20.18 20.28
21 20.38 20.48 20.58 20.68 20.78 20.88 20.98 21.08 21.18 21.28
22 21.38 21.48 21.68 21.68 21.78 21.88 21.98 22.08 22.18 22.28
23 22.38 22.48 22.58 22.68 22.78 22.88 22.98 23.08 23.18 23.28
24 23.38 23.48 23.58 23.68 23.78 23.88 23.98 24.08 24.18 24.28
25 24.38 24.48 24.58 24.68 24.78 24.88 24.98 25.08 25.18 25.28
26 25.38 25.48 25.58 25.68 25.78 25.88 25.98 26.08 26.18 26.28
27 26.38 26.48 26.58 26.68 26.78 26.88 26.98 27.08 27.18 27.28
28 27.38 27.48 27.58 27.68 27.78 27.88 27.98 28.08 28.18 28.28
29 28.38 28.48 28.58 28.68 28.78 28.88 28.98 29.08 29.18 29.28
30 29.38 29.48 29.58 29.68 29.78 29.88 29.98 30.08 30.18 30.28
31 30.38 30.48 30.568 30.68 30.78 30.88 30.98 31.08 31.18 31.28
32 31.38 31.48 31.58 31.68 31.78 31.88 31.98 32.08 32.18 32.28
33 32.38 32.48 32.58 32.68 32.78 32.88 32.98 33.08 33.18 33.28
34 33.38 33.48 33.58 33.68 33.78 33.88 33.98 34.08 34.18 34.28
35 34.38 34.48 34.58 34.68 34.78 34.88 34.98 35.08 35.18 35.28
36 35.38 35.48 35.58 35.68 35.78 35.88 35.98 36.08 36.18 36.28
37 36.38 36.48 36.58 36.68 36.78 36.88 36.98 37.08 37.18 37.28
38 37.38 37.48 37.58 37.68 37.78 37.88 37.98 38.08 38.18 38.28
39 38.38 38.48 38.58 38.68 38.78 38.88 38.98 39.08 39.18 39.28
40 39.38 39.48 39.58 39.68 39.78 39.88 39.98 40.08 40.18 40.28

Note: Runoff value determined by equation Q= M
P+0.8S

Table 11-C.47. NRCS Rainfall-Runoff Table for CN = 96
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Runoff for inches of rainfall—Curve no. 96

---------------------------------------- Tenths --------mcmmm e
Inches 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.03 0.07 0.14 0.21 0.29 0.37 0.45 0.54
1 0.63 0.72 0.81 0.91 1.00 1.09 1.19 1.29 1.38 1.48
2 1.57 1.67 1.77 1.87 1.96 2.06 2.16 2.26 2.36 2.45
3 2.55 2.65 2.75 2.85 2.95 3.04 3.14 3.24 3.34 3.44
4 3.54 3.64 3.74 3.84 3.94 4.04 4.13 4.23 4.33 4.43
5 4.53 4.63 4.73 4.83 4.93 5.03 5.13 5.23 5.33 5.43
6 5.563 5.63 5.73 5.83 5.93 6.03 6.12 6.22 6.32 6.42
7 6.52 6.62 6.72 6.82 6.92 7.02 7.12 7.22 7.32 7.42
8 7.52 7.62 7.72 7.82 7.92 8.02 8.12 8.22 8.32 8.42
9 8.52 8.62 8.72 8.82 8.92 9.02 9.12 9.22 9.32 9.42
10 9.52 9.62 9.72 9.82 9.92 10.02 10.12 10.22 10.32 10.42
11 10.51 10.61 10.71 10.81 10.91 11.01 11.11 11.21 11.31 11.41
12 11.51 11.61 11.71 11.81 11.91 12.01 12.11 12.21 12.31 12.41
13 12.51 12.61 12.71 12.81 12.91 13.01 13.11 13.21 13.31 13.41
14 13.51 13.61 13.71 13.81 13.91 14.01 14.11 14.21 14.31 14.41
15 14.51 14.61 14.71 14.81 14.91 15.01 15.11 15.21 15.31 1541
16 15.51 15.61 15.71 15.81 15.91 16.01 16.11 16.21 16.31 16.41
17 16.51 16.61 16.71 16.81 16.91 17.01 17.11 17.21 17.31 17.41
18 17.51 17.61 17.71 17.81 17.91 18.01 18.11 18.21 18.31 18.41
19 18.51 18.61 18.71 18.81 18.91 19.01 19.11 19.21 19.31 19.41
20 19.51 19.61 19.71 19.81 19.91 20.01 20.11 20.21 20.31 20.41
21 20.51 20.61 20.71 20.81 20.91 21.01 21.11 21.21 21.31 21.41
22 21.51 21.61 21.71 21.81 21.91 22.01 22.11 22.21 22.31 22.41
23 22.51 22.61 22.71 22.81 22.91 23.01 23.11 23.21 23.31 23.41
24 23.51 23.61 23.71 23.81 23.91 24.01 24.11 24.21 24.31 24.41
25 24.51 24.61 24.71 24.81 24.91 25.01 25.11 25.21 25.31 25.41
26 25.51 25.61 25.71 25.81 25.91 26.01 26.11 26.21 26.31 26.41
27 26.51 26.61 26.71 26.81 26.91 27.01 27.11 27.21 27.31 27.41
28 27.51 27.61 27.71 27.81 2791 28.01 28.11 28.21 28.31 28.41
29 28.51 28.61 28.71 28.81 28.91 29.01 29.11 29.21 29.31 29.41
30 29.51 29.61 29.71 29.81 29.91 30.01 30.11 30.21 30.31 30.41
31 30.51 30.61 30.71 30.81 30.91 31.01 31.11 31.21 31.31 31.40
32 31.50 31.60 31.70 31.80 31.90 32.00 32.10 32.20 32.30 32.40
33 32.50 32.60 32.70 32.80 32.90 33.00 33.10 33.20 33.30 33.40
34 33.50 33.60 33.70 33.80 33.90 34.00 34.10 34.20 34.30 34.40
35 34.50 34.60 34.70 34.80 34.90 35.00 35.10 35.20 35.30 35.40
36 35.50 35.60 35.70 35.80 35.90 36.00 36.10 36.20 36.30 36.40
37 36.50 36.60 36.70 36.80 36.90 37.00 37.10 37.20 37.30 37.40
38 37.50 37.60 37.70 37.80 37.90 38.00 38.10 38.20 38.30 38.40
39 38.50 38.60 38.70 38.80 38.90 39.00 39.10 39.20 39.30 39.40
40 39.50 39.60 39.70 39.80 39.90 40.00 40.10 40.20 40.30 40.40
, ) (P-0.28)"
Note: Runoff value determined by equation Q=
P+0.8S

Table 11-C.48. NRCS Rainfall-Runoff Table for CN = 97
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---------------------------------------- Tenths ----c--mmmmi e
Inches | 0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9
0 0.00 0.00 0.04 0.10 0.18 0.26 0.34 0.43 0.52 0.61
1 0.71 0.80 0.90 0.99 1.09 1.18 1.28 1.38 1.48 1.5%
2 1.67 .77 1.87 1.97 2.07 2.16 2.26 2.36 2.46 2.56
3 2.66 2.76 2.86 2.96 3.06 3.16 3.25 335 3.45 3.55
4 3.65 3.75 3.8b 3.95 4.05 4.15 4.25 4.35 4.45 4.55
5 4.65 4.75 4.85 4.95 5.05 5.15 5.25 5,85 5.44 5.54
6 5.64 5.74 5.84 5.94 6.04 6.14 6.24 6.34 6.44 6.54
7 6.64 6.74 6.84 6.94 7.04 7.14 7.24 7.34 7.44 7.64
8 7.64 7.74 7.84 7.94 8.04 8.14 8.24 8.34 8.44 8.54
9 8.64 8.74 8.684 8.94 9.04 9.14 9.24 9.34 9.44 9.54
10 9.64 9.74 9.84 9.94 10.04 10.14 10.24 10.34 10.44 10.54
11 10.64 10.74 10.84 10.94 11.04 11.14 11.24 11.34 11.44 11.54
12 11.64 11.74 11.84 11.94 12.04 12.14 12.24 12.34 12.44 12.54
13 12.64 12.74 12.84 12.94 13.04 13.14 13.24 13.34 13.44 13.54
14 13.64 13.74 13.84 13.94 14.04 14.14 14.24 14.34 14.44 14.54
156 14.64 14.74 14.84 14.94 15.04 15.14 15.24 15.34 15.44 15.54
16 15.64 15.74 15.84 15.93 16.03 16.13 16.23 16.33 16.43 16.53
17 16.63 16.73 16.83 16.93 17.03 17.13 17.23 17.33 17.43 17.58
18 17.63 17.73 17.83 17.93 18.03 18.13 18.23 18.33 18.43 18.53
19 18.63 18.73 18.83 18.93 19.03 19.13 19.23 19.33 19.43 19.53
20 19.63 19.73 19.83 19.93 20.03 20.13 20.23 20.83 20.43 20.53
21 20.63 20.73 20.83 20.93 21.03 21.13 21.23 21.33 21.43 21.58
22 21.63 21.73 21.83 21.93 22.03 22.13 22.23 22.33 22.43 22.53
23 22.63 22.73 22.83 22.93 23.03 23.13 23:23 23.33 23.43 23.63
24 23.63 23.73 23.83 23.93 24.03 24.13 24.23 24.33 24.43 24.53
25 24.63 24.73 24.83 24.93 25.03 25.13 25.23 25.33 26.43 25.63
26 25.63 25.73 25.83 25.93 26.03 26.13 26.23 26.33 26.43 26.53
27 26.63 26.73 26.83 26.93 27.03 27.13 27.23 27.33 27.43 27.53
28 27.63 27.73 27.83 27.93 28.03 28.13 28.23 28.83 28.43 28.53
29 28.63 28.73 28.83 28.93 20.03 29.13 29.23 29.33 29.43 29.53
30 29.63 29.73 29.83 29.93 30.03 30.13 30.23 30.33 30.43 30.53
31 30.63 30.73 30.83 30.93 31.03 31.13 31.23 31.33 31.43 31.63
32 31.63 31.73 31.83 31.93 32.03 32.13 32.23 32.33 32.43 32.63
33 32.63 32.73 32.83 32.93 33.03 33.13 33.23 33.33 33.43 33.53
34 33.63 33.73 33.83 33.93 34.03 34.13 34.23 34.33 34.43 34.53
35 34.63 34.73 34.83 34.93 35.03 35.13 35.23 35.33 35.43 35.53
36 35.63 35.73 35.83 35.93 36.03 36.13 36.23 36.33 36.43 36.53
37 36.63 36.73 36.83 36.93 37.03 37.13 37.23 37.33 37.43 37.53
38 37.63 37.73 37.83 37.93 38.03 38.13 38.23 38.33 38.43 38.53
39 38.63 38.73 38.83 38.93 39.03 39.13 39.23 39.33 39.43 39.53
40 39.63 39.73 39.83 39.93 40.03 40.13 40.23 40).33 40.43 40.53
, _ (P-028)°
Note: Runoff value determined by equation Q =-——
P+0.8S

Table 11-C.49. NRCS Rainfall-Runoff Table for CN = 98
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Runoff for inches of rainfall—Curve no. 98

---------------------------------------- Tenths -------mommmim e
Inches | 0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9
0 0.00  0.01  0.07 0.5 0.23 0.32 0.41 0.50 0.60 0.69
1 079  0.89  0.99 1.08 1.18 1.28 1.38 1.48 1.58 1.68
2 1.77 1.87 1.97  2.07 2.17 2.27 2.37 2.47 2.57 2.67
3 2.77 2.87 2.97 3.07 3.17 3.27 3.37 3.47 3.57 3.67
4 3.77 3.86 3.96 4.06 4.16 4.26 4.36 4.46 4.56 4.66
5 4.76 4.86 4.96 5.06 5.16 5.26 5.36 5.46 5.56 5.66
6 576  5.86 596  6.06 6.16 6.26 6.36 6.46 6.56 6.66
7 6.76  6.86  6.96  7.06 7.16 7.26 7.36 7.46 7.56 7.66
8 776 7.86  7.96  8.06 8.16 8.26 8.36 8.46 8.56 8.66
9 8.76 8.86 8.96 9.06 9.16 9.26 9.36 9.46 9.56 9.66
10 9.76 9.86 9.96 10.06 10.16 10.26 10.36 10.46 10.56 10.66
11 10.76  10.86 1096 11.06  11.16  11.26 11.36 11.46  11.56 11.66
12 11.76  11.86 11.96 12.06  12.16  12.26 12.36 12.46 12.56 12.66
13 12.76  12.86 12.96 13.06  13.16  13.26 13.36 13.46 13.56 13.66
14 13.76  13.86 13.96 14.06  14.16  14.26 14.36 14.46 14.56 14.66
15 14.76 14.86 14.96 15.06 15.16 15.26 15.36 15.46 15.56 15.66
16 15.76 15.86 15.96 16.06 16.16 16.26 16.36 16.46 16.56 16.66
17 16.76  16.86 16.96 17.06  17.16  17.26 17.36 17.46 17.56 17.66
18 17.76  17.86 17.96 18.06  18.16  18.26 18.36 18.46 18.56 18.66
19 18.76 18.86 18.96  19.06  19.16  19.26 19.36 19.46 19.56 19.66
20 19.76 19.86 19.96  20.06 20.16 20.26 20.36 20.46 20.56 20.66
21 20.76  20.86 20.96 21.06 21.16  21.26 21.36 21.46 21.56 21.66
22 21.76  21.86 21.96 22.06  22.16  22.26  22.36 22.46 22.56 22.66
23 22.76  22.86 22.96 23.06  23.16  23.26 23.36 23.46 23.56 23.66
24 23.76  23.86 23.96 24.06 24.16  24.26 24.36 24.46 24.56 24.66
25 24.76 2486 2496  25.06 25.16 25.26 25.36 25.46 25.56 25.66
26 2576 25.86 2596  26.06 26.16 26.26 26.36 26.46 26.56 26.66
27 26.76  26.86 26.96 27.06  27.16  27.26  27.36 27.46 27.56 27.66
28 27.76  27.86 27.96 28.06  28.16  28.26  28.36 28.46 28.56 28.66
29 28.76  28.86 28.96 29.06  29.16  29.26 29.36 29.46 29.56 29.66
30 29.76 29.86  29.96  30.06 30.16 30.26 30.36 30.46 30.56 30.66
31 30.76 30.86 30.96 31.06 31.16 31.26 31.36 31.46 31.56 31.66
32 31.76  31.86 31.96 32.06  32.16  32.26 32.36 32.46 32.56 32.66
33 32.76  32.86 3296 33.06 33.16  33.26 33.36 33.46 33.56 33.66
34 33.76  33.86 33.96 34.06 34.16  34.26 34.36 34.46 34.56 34.66
35 34.76  34.86 3496 35.06 35.16  35.26 35.36 35.46 35.56 35.66
36 356.76  35.86 35.96  36.06 36.16 36.26 - 36.36 36.46 36.56 36.66
37 36.76  36.86 36.96  37.06 37.16 37.26 37.36 37.46 37.56 37.66
38 37.76  37.86 37.96 38.06 38.16  38.26 38.36 38.46 38.56 38.66
39 38.76  38.86 38.96 39.06  39.16  39.26 39.36 39.46 39.56 39.66
40 39.76  39.86  39.96  40.06  40.16  40.26  40.36 40.46 40.56 40.66
(P-0.28)

Note: Runoff value determined by equation Q =
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Appendix 11-D
STORMWATER COMPUTER MODELS
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11-D.0. INTRODUCTION

In urban stormwater management there are typically three types of models used commonly:
hydrologic, hydraulic and water quality models. There are also a number of other specialty
models to simulate ancillary issues (some of which are sub-sets of the three main categories)
such as sediment transport, channel stability, lake quality, dissolved oxygen and
evapotranspiration. This Appendix includes information about a number of useful models, some
in the public domain and available for free, and others that are proprietary, for which prices can
vary dramatically. The models described in this Appendix are some of the most popular models
in current use, but inclusion of their descriptions does not constitute any endorsement of their use
by DEQ or the Commonwealth of Virginia.

Hydrologic Models attempt to simulate the rainfall-runoff process to tell us “how much runoff,
how often.” They use rainfall information or simulations and land cover characteristics to
provide runoff characteristics including peak flow rates, flood hydrographs and flow frequencies.
Hydrologic models can be:

e Deterministic — giving one answer for a specific input set, OR
e Stochastic — involving random inputs giving any number of responses for a given set of
parameters.

e Single Event — simulating one storm event.
e Continuous — simulating many storm events over a period of time, OR

e Lumped - representing a large watershed by a single set of parameters, OR
e Distributed — watersheds are broken into many small homogeneous subwatersheds, each of
which has a complete hydrologic calculation made on it.

Hydraulic Models take a known flow amount (typically the output of a hydrologic model) and
provide information about flow height, location, velocity, direction and pressure. Hydraulic
models share some of the differing characteristics of hydrologic models (continuous vs. single
event) and add:

e One-dimensional — calculating flow information in one direction (e.g. downstream) only, OR

e Multi-dimensional — calculating flow information in several dimensions (e.g. in and out of
the channel and downstream). Two-dimensional models are particularly useful when the
overall channel pattern changes and bank erosion are concerns.

e Steady — having a single unchanging flow velocity value at a point in the system, OR
e Unsteady — having flow velocities that change with time at a point in the system.

e Uniform — a state of steady flow when the mean velocity and cross-sectional area remain
constant over distance in all sections of a reach (assuming the channel slope and energy slope
are equal), OR

e Non-uniform — a state of dynamic flow over distance (derived by solving a more complex
formulation of the energy and momentum equations).
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For most problems encountered in hydraulics, a simple one-dimensional, steady model will work
well. But if the volume and time distribution of flow are important (for example, in a steeper
stream with storage behind a series of high culvert embankments) or the behavior of a channel
over a storm hydrograph is needed, then an unsteady model is called for. If there is a need to
predict with accuracy the ebb and flow of floodwater out of a channel (for example in a wide,
flat floodplain where there are relief openings under a road) or bank erosion potential, then a 2-
dimensional model becomes necessary. If pressure flow and the accurate computation of a
hydraulic grade line are important, then an unsteady, non-uniform model with pressure flow
calculating capabilities is needed.

Water Quality Models: The goal in water quality modeling is to adequately simulate the various
processes and interactions of stormwater pollution. Water quality models have been developed
with an ability to predict loadings of various types of stormwater pollutants.

Water quality models can become very complex if the complete cycle of buildup, wash-off and
impact are determined. These models share the various features of hydrologic and hydraulic
models in that it is the runoff flow that carries the pollutants. Therefore, a continuous hydrologic
model with estimated pollution concentrations becomes a continuous water quality pollution
model. Water quality models can reflect pollution from both point and nonpoint sources.

Water quality models tend to have applications that are targeted toward specific pollutants,
source types or receiving waters. Some models involve biological processes as well as physical
and chemical processes. Often great simplifications or gross assumptions are necessary to be able
to model pollutant accumulations, transformations and eventual impacts. Such simplifications
cannot be disregarded when interpreting model results.

Simple spreadsheet-based loading models involve an estimate of the runoff volume which, when
multiplied by an event mean concentration, provide an estimate of the total pollution loading.
Because of the lack of ability to calibrate such models for variable physical parameters, such
simple models tend to be more accurate when they reflect a longer time period over which the
pollution load is averaged. An annual pollutant load prediction may tend toward a central
estimate, while any specific storm prediction may be grossly in error when compared to actual
loadings because antecedent conditions vary widely from week to week. In reality, it is easy for
one storm to discharge a lot of P and N that can then get masked by a lot of smaller storms.
Unless each storm’s loading is considered (which can also be done rather simply using
spreadsheet programs), we may not be able to accurately identify the actual sources of these
inputs, which must be addressed to effectively reduce stormwater pollution.

On the other hand, simulation models have the ability to adjust a number of loading parameters
for calibration purposes and can simulate pollution accumulation over a long period. They can
then more reliably predict loadings for any specific storm event.

Calibration data is always recommended in hydrologic or hydraulic models for an acceptably

accurate answer. In water quality models the non-calibrated prediction is often off by orders of
magnitude. Water quality predictions are not credible without adequate site-specific data for
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calibration and verification. However, even without specifically accurate loading values, the
relative effects of pollution abatement controls can be tested using uncalibrated models. But
actual site-specific data should be incorporated whenever possible. Sampling is at a point where
a small amount of localized data can be easily collected, and will significantly improve the
model’s results.

Computer Model Applications. Stormwater computer models can also be categorized by their
use or application:

e Screening-level models are typically equations or spreadsheet models that give a first
estimate of the magnitude of urban runoff quality or quantity. Sometimes this is the only
level that is necessary to provide answers, when the answer needs to be only approximate or
because there is no data to justify a more refined procedure. The user should then consider
efforts to collect more data in order to utilize more sophisticated models to achieve a more
robust answer.

¢ Planning-level models are used to perform “what if” analyses, comparing design alternatives
or control options in a general way. They are used to establish flow frequencies, floodplain
boundaries, and general pollution loading values.

e Design-level models are oriented toward the detailed simulation of a single storm event for
the purposes of urban stormwater design. They provide a more complete description of flow
or pollution values anywhere in the system of concern and allow for adjustment of various
input and output variables in some detail. They can be more exact in the impact of control
options, and tend to have a better ability to be calibrated to fit observed data.

e Operational models are used to produce actual control decisions during a storm event. They
are often linked with SCADA systems. They are often developed from modified or strongly
calibrated design models, or can be developed on a site-specific basis to appropriately link
with the system of concern and accurately model the important physical phenomena.

11-D.1.0. THE MODELING PROCESS

The overall modeling process involves: (1) development of study or model objectives, (2) identification
of resources and constraints, (3) selection and implementation of the model itself, and finally, (4)
identification of the data needed to run the model.

11-D.1.1. Model Objectives

It is important to know specifically what answers are needed, to what accuracy, and in what
format. Requiring a simple peak flow is far different from needing to know the timing of peaks
from several different intersecting watersheds. Estimating future floodplain elevations along a
reach is a fundamentally different problem than finding the probability of roadway overtopping.

A review of the problem begins the process of determining the model objectives. These
objectives also establish a performance or design criteria for the model. Must the system handle
the 25-year storm? Are future conditions important? Which ones? Are annual loadings of
pollution adequate? Which pollutants?
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Those aspects of the system to be modeled will dictate what models are appropriate for use. For
example, if storm sewers are present then an open channel model can be ruled out as an
appropriate model for the entire system. If a specific type of hydraulic structure is present that a
standard model cannot handle, an alternate way to simulate that structure will be necessary.
Model objectives also explain how the numbers generated from the model will relate to the needs
of the study. For example, if a cost-benefit analysis is required, the model results must be
interpreted in terms of overall life-cycle cost and not simply in terms of discharge rate.

11-D.1.2. Model Constraints

Availability of data, funds, time and user ability can potentially constrain modeling solutions.
The goal of any modeling effort is to develop an approach that stays within the constraints
dictated while addressing the needs of the study identified in the previous step. Data
collection/availability and cost are usually the chief constraints.

Sources of existing available data should be researched. Look for data that tends to “ground
truth” model outputs. Even partial data can be useful if it helps to validate the model or modeling
results. After existing data sources have been identified, the need to gather additional data is
assessed. Automated processes and systems such as GPS can reduce both cost and human error.
A consideration of the long-term use of data and its maintenance is necessary. For example, if
the model is to eventually become an operational model, the ability to maintain the data in a cost
effective way becomes of paramount importance.

Accuracy and the corresponding necessary level of detail are of overriding importance. Accuracy
depends on both the accuracy of the input data and the degree to which the model adequately
represents the hydrologic, hydraulic or water quality processes being modeled. For example, if
lumped hydrologic parameters are adequate, then the cost of the modeling effort can be reduced.
However, the ability to determine information within the sub-basin represented by a single
parameter is lost. Changing model needs from an average 500-acre sub-basin size to a 50-acre
size can increase the cost of a model almost 10-fold. Is the additional information derived worth
the additional cost?

Both risk and uncertainty affect the modeler’s ability to predict results accurately. Risk is an
estimated chance of an occurrence, such as flooding. Uncertainty is the error associated with
measuring or estimating key parameters or functions. Uncertainty arises due to errors in
sampling, measurement, estimation and forecasting, and modeling. For hydrologic and hydraulic
analysis, stage and discharge are of prime importance. Uncertainty in discharge is due to short or
non-existent flood records, inaccurate rainfall-runoff modeling, and inaccuracy in known flood
flow regulation where it exists. Stage uncertainty comes from errors and unknowns in roughness,
geometry, etc.

Accuracy developed in one area can be impacted by rough estimates in another, negating the
technological gains. For example, the gains in accuracy from very precise field surveys of cross
sections can be lost if the estimates of roughness coefficients or discharge rates are very
approximate.
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Sensitivity analysis involves holding all parameters constant except one and assessing the change
in the output variable of concern based on a certain percent change in the input variable. Those
variables that are amplified in the output should be estimated with higher accuracy and with a
more detailed consideration of the potential range of values and the need for conservative design.
The modeler must try to assess how accurate estimates are and account for risk and uncertainty
through estimating the range of potential error and choosing values that balance conservative
engineering with cost consciousness. The designer typically develops a "most likely" estimate of
a certain design parameter (for example, 10-year storm rainfall or Manning's roughness
coefficient) and then uses sensitivity analysis to test the impact of variability in the parameter
estimate on the final solution.

11-D.1.3. Selection and Implementation

Once the model objectives and constraints have been evaluated, the model (or models) is
selected and the study or design is implemented. Typical steps in model implementation include
validation, calibration, verification and production.

Validation involves a determination that the model is structured and coded as intended for the
range of variables to be encountered in the study. Validation tests key algorithms for accuracy.
For example, if a hydrologic model cannot handle short time steps or long time periods it cannot
be used without modification. If a certain model begins to lose accuracy at high or low
imperviousness or cannot accurately handle backwater situations, and these will be encountered
in practice the model cannot be used. Often validation is a one-time effort, after which the
modeler is comfortable with the model’s “quirks” and knows how to deal with them. Validation
often involves pushing parameters to the limit of reasonable extent to test an algorithm. For
example, in a hydrologic model infiltration can be reduced to zero to test if the input and output
hydrographs are equal. Or the model can be run with small rainfalls using porous soils to
determine if no runoff is generated, or only runoff from directly connected impervious areas.

Calibration is the comparison of a model to field measurements, other known estimates of
output (e.g. regression equations), or another model known to be accurate, and the subsequent
adjustment of the model to best fit those measurements. Verification then tests the calibrated
model against another set of data not used in the calibration. This step is not always possible due
to the general shortage of data of any sort in stormwater management. Goodness of prediction is
done through a simple comparison of the difference in observed and predicted peaks, pollution
loads, flood elevations or volumes divided by the observed values and expressed as a percentage,
or as simple ratio. Assessing the goodness of fit of a hydrograph is done by calculating the sum
of the squares of the difference between observed and predicted values at discreet time steps.

Once the model is prepared for use, attention shifts to efficient production methods that
minimize the potential for errors while maximizing efficiency. Often “production line”-type
efforts are used for large modeling projects. However, constant attention must be paid to ensure
the execution of correct procedures, detailed documentation of efforts and input/output data sets,
and recognition of anomalies that would invalidate a particular model run.
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While it may be enticing to use simple user interfaces and black box approaches that simplify the
input and output processes, there is an inherent danger that the modeler will not be aware of
errors or problems that these may mask in the modeling process. For example, in hydraulic
modeling, shifts from super-critical flow to sub-critical flow happen at sharp break points and are
reflected in a jump in water surface elevation. If these changes are not detected, a model may
under-predict flow elevation. Numeric instability in mathematical algorithms may give
oscillating answers that have nothing to do with reality. Therefore, it is very important to
understand the governing equations and principles that form the basis of the model being used. A
structured review process must be established to ensure that accurate input values are being used
in order to ensure a reasonable output. Labeling of data sets should be systematic and exact.

The consideration of all that is involved in using models can seem to be daunting. However, the
complexities involved do not inhibit individuals who understand models and have experience
using them. Furthermore, the benefits of using models may provide worthwhile cost-efficiencies
in program implementation. So the use of models should not be easily discounted just because of
their complexities.

11-D.2. SUMMARY OF COMMONLY USED MODELS

Computer models can be simple, representing only a very few measured or estimated input
parameters or can be very complex involving twenty times the number of input parameters. The
“right” model is the one that: (1) the user thoroughly understands, (2) gives adequately accurate
and clearly displayed answers to the key questions, (3) minimizes time and cost, and (4) uses
readily available or collected information. Complex models used to answer simple questions are
not an advantage. However, simple models that do not model key necessary physical processes
are inadequate and practically useless.

There is no one engineering model or software that addresses all hydrologic, hydraulic and water
quality situations. Design needs and troubleshooting for watershed and stormwater management
occur on several different scales and can be either system-wide (i.e., watershed) or localized.
System-wide issues can occur on both large and small drainage systems, but generally require
detailed watershed models and/or design tools. The program(s) chosen to address these issues
should handle both major and minor drainage systems. Localized issues also exist on both major
and minor drainage systems, but unlike system-wide problems, flood and water quality solution
alternatives can usually be developed quickly using simple engineering methods and design
tools.

Table 11-D.-1 below lists several widely-used computer programs and modeling packages. The

programs have been examined for their applicability to both system-wide and localized issues,
the methodologies used for computations, and ease-of-use.
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Table 11-D.1. Stormwater Modeling Programs and Design Tools
vode System | system | Hycrologie | Hycrauic | g L
Modeling Modeling Features
Hydrology Software
HEC-GeoHMS X X
HEC-HMS X X
TR-55 X
TR-20 X
PondPack* X X X
WMS* X X
Watershed Modeling* X X
Hydraulic Software
HEC-GeoRAS X X
HEC-RAS X X
WSPRO X X
EPA SWMM X X X X X
FHWA HY-8 Culvert Analysis X X
CulvertMaster* X X
FlowMaster* X X
Water Quality Software
VA Runoff Reduction Method X X X
HSPF X X X
BASINS X X X X
QUALZ2E X X X
WASP5 X X X
SLAMM* X X X

NOTES: * Proprietary Model
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Source: Adapted from ARC (2001)

For the purposes of this table, major drainage systems are defined as those draining to larger
receiving waters. These are typically FEMA-regulated streams, or lakes or reservoirs. Minor
drainage systems are smaller natural and man-made systems that drain to the more major
streams. Minor drainage systems can have both closed and open-channel components and can
include, but are not limited to, neighborhood storm sewers, culverts, ditches, and tributaries.
Following the Table, a brief description of each program’s capabilities and methodologies is
presented.

11-D.2.1. Hydrology Programs
11-D.2.1.1. HEC-GeoHMS: Geospatial Hydrologic Modeling System

HEC-GeoHMS is a user-friendly Windows-based geospatial hydrology toolkit developed by the
U.S. Army Corps of Engineers and partners for engineers and hydrologists with limited GIS
experience. The program allows users to visualize spatial information, document watershed
characteristics, perform spatial analyses, delineate sub-basins and streams, construct inputs to
hydrologic models, and assist with report preparation.. HEC-GeoHMS, which interfaces with the
ESRI ArcGIS 9.3 software.

Hydrologic modeling has evolved to represent the sub-basin in more detail than the traditional
approach, where hydrologic parameters are averaged over large watersheds. With the availability
of radar rainfall and spatial data, hydrologic modeling using smaller sub-basin areas or a grid
system has introduced a more detailed representation of the watershed. HEC-GeoHMS is
designed to meet the needs of both modeling approaches.

HEC-GeoHMS creates background map files, basin model files, meteorologic model files, and a
grid cell parameter file that can be used by HEC-HMS to develop a hydrologic model. The basin
model file contains hydrologic elements and their hydrologic connectivity. The basin model file
includes sub-basin areas and other hydrologic parameters that could be estimated using
geospatial data. To assist with estimating hydrologic parameters, HEC-GeoHMS can generate
tables containing physical characteristics of streams and watersheds. The grid cell parameter file
is required in order to use the ModClark transform method, grid-based precipitation (like radar
rainfall), or gridded loss methods.

HEC-GeoHMS allows the user to analyze digital elevation models (DEMSs) in a number of
coordinate systems and projections. It also allows users to use a more sophisticated technique to
impose the stream network and watershed boundaries onto the terrain.

11-D.2.1.2. HEC-HMS: Hydrologic Modeling/Flood Hydrograph System
HEC-HMS replaces HEC-1, which is no longer used. It has more user-friendly input and output
processors and graphical capabilities than HEC-1. It is considered by many in the engineering

and regulatory communities to be a leading model for major drainage system applications such
as Flood Insurance Studies and watershed master.
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In the HEC-HMS model, the watershed is represented as an interconnected system of hydrologic
(e.g., sub-basins, reservoirs, ponds) and hydraulic (e.g., channels, closed conduits, pumps)
components. The model computes a runoff hydrograph for each component, combining two or
more hydrographs as it moves downstream in the watershed. The model has a variety of rainfall-
runoff simulation methods, including the popular USDA-NRCS (formally SCS) Curve Number
methodology. The user can define rainfall events using gage or historical data, or HEC-GeoHMS
can generate synthetic storms. Hydrograph generation is performed using the unit hydrograph
technique. Clark, NRCS Dimensionless, and Snyder Unit Hydrographs are the available
methodologies. Several common channel and storage routing techniques are available as well.

HEC-HMS is not considered a “design tool.” However, there are other hydrologic applications
developed within the software that have been used with much success. Multiplan-multiflood
analyses allow the user to simulate a number of flood events for different watershed situations
(or plans). The dam safety option enables the user to analyze the impact of dam overtopping or
structural failure on downstream areas. Flood damage analyses can be used to assess the
economic impact of flood damage.

11-D.2.1.3. USDA-NRCS Technical Release 55 (TR-55)

The TR-55 model was originally a DOS-based software package used for estimating runoff
hydrographs and peak discharges for small urban watersheds. There is now a MS-Windows
based version (WinTR55). The model was developed by the USDA-NRCS and therefore uses
NRCS hydrograph methodology to estimate runoff, derived from TR-20 (discussed next). No
other methodology is available in the program. Four 24-hour regional rainfall distributions are
available for use. Rainfall durations less than 24-hours cannot be simulated. Using detailed input
data entered by the user, the WinTR55 model can calculate the area-weighted CN, time of
concentration and travel time. Detention pond (i.e., storage) analysis is also available in the
WiInTR55 model, intended for initial pond sizing. Final design requires a more detailed analysis.
TR-55 has become a more robust model that can provide quick estimated answers.

WInTR55 is easy-to-use. Haestad Methods, Inc., included most of the TR-55 capabilities in its
PondPack program, described below.

11-D.2.1.4. USDA-NRCS Technical Release 20 (TR-20)

TR-20 was actually the pre-cursor to TR-55 and is more complex. In addition to the outputs
generated by TR-55, TR-20 (which has been converted into WinTR20) will also generate storm
routings and both the rising and falling curves of hydrographs at specified time intervals. Like
WInTR55, WinTR20 is a more robust model now that can also provide quick estimated answers.

11-D.2.1.5. PondPack

PondPack, by Haestad Methods, Inc., is Windows-based software developed for modeling
general hydrology and runoff from site development. The program analyzes pre- and post-
development watershed conditions and sizes detention ponds. It also computes outlet rating-
curves with consideration of tailwater effects, accounts for pond infiltration, calculates detention
times and analyzes channels.
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Rainfall options are unlimited. The user can model any duration or distribution, for synthetic or
real storm events. Several peak discharge and hydrograph computation methods are available,
including NRCS, the Rational Method and the Santa Barbara Unit Hydrograph procedure.
Infiltration can be considered, and pond and channel routing options are available as well. Like
TR-55, PondPack allows the user to calculate hydrologic parameters, such as the time of
concentration, within the program.

PondPack has limited, but useful hydraulic features, using Manning's equation to model natural
and man-made channels and pipes. A wide variety of detention pond outlet structure
configurations can be modeled, including low flow culverts, weirs, riser pipes, and even user-
defined structures.

11-D.2.1.6. Watershed Modeling System (WMS)

WMS was developed by the Engineer Computer Graphics Laboratory of Brigham Young
University. WMS is a Windows-based user interface that provides a link between terrain models
and GIS software, with industry-standard lumped parameter hydrologic models, including HEC-
1, TR-55, TR-20 and others. The hydrologic models can be run from the WMS interface. The
link between the spatial terrain data and the hydrologic model(s) gives the user the ability to
develop hydrologic data that is typically gathered using manual methods from within the
program. For example, when using NRCS methodologies, the user can delineate watersheds and
sub-basins, determine areas and curve numbers, and calculate the time of concentration at the
computer. Typically, these computations are done manually, and are laborious and time-
consuming. WMS attempts to use digital spatial data to make these tasks more efficient.

11-D.2.1.7. Watershed Modeling

The Watershed Modeling program was developed to compute runoff and design flood control
structures. The program can run inside the MicroStation CAD system. Like WMS, this feature
enables the program to delineate and analyze the drainage area of interest. Area, curve number,
land use and other hydrologic parameters can be computed and/or catalogued for the user,
removing much of the manual calculation typically performed by the hydrologic modeler.

Watershed Modeling contains a variety of methods to calculate flood hydrographs, including
NRCS, Snyder and Rational methods. Rainfall can be synthetic or user-defined, with any
duration and return period. Rainfall maps for the entire U.S. are provide to help the user calculate
IDF relationships. Several techniques are available for channel and storage routing. The user also
has a wide variety of outlet structure options for detention pond analysis and design.

11-D.2.2. Hydraulics Programs
11-D.2.2.1. HEC-GeoRAS: Geospatial River Analysis System
HEC-GeoRAS creates a file of geometric data for import into HEC-RAS and enables viewing of

exported results from RAS. The import file is created from data extracted from ArcGIS layers
and from a digital terrain model (DTM). HEC-GeoRAS requires a DTM represented by a
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triangulated irregular network (TIN) or a GRID. The layers and the DTM are referred to
collectively as the RAS Layers. Geometric data are developed based on the intersection of the
RAS Layers.

Prior to performing hydraulic computations in HEC-RAS, the geometric data must be imported
and completed, and flow data must be entered. Once the hydraulic computations are performed,
exported water surface and velocity results from HEC-RAS may be imported back to the GIS
using HEC-GeoRAS for spatial analysis. GIS data is transferred between HEC-RAS and ArcGIS
using a specifically formatted GIS exchange file.

11-D.2.2.2. HEC-RAS: River Analysis System

HEC-RAS is a Windows-based hydraulic model developed by the Corps of Engineers to replace
the popular, DOS-based HEC-2 model. RAS has the ability to import and convert HEC-2 input
files and expounds upon the capabilities of HEC-2. Since its introduction several years ago, the
user-friendly HEC-RAS has become known as an excellent model for simulation of major
systems (i.e., open channel flow) and has become the chief model for calculating floodplain
elevations and determining floodway encroachments for Flood Insurance Studies. Like HEC-2,
HEC-RAS has been accepted for FIS analysis by the FEMA. However, HEC-RAS is a much
easier model to use than HEC-2 as it has an extremely useful interface that provides the
immediate capability to view model input and output data in graphical, tabular, and report
formats.

HEC-RAS performs one-dimensional analyses for steady, unsteady, and mixed flow water
surface profiles, using the energy equation. Energy losses are calculated using Manning's
equation. Contraction and expansion changes in the specific energy are considered around
bridges, culverts, etc. Rapidly varied flow (e.g., hydraulic jumps) is modeled using the
momentum equation. The effects of in-stream structures (e.g., bridges, culverts, weirs and
floodplain obstructions) and in-stream changes (e.g., levees and channel improvements) can be
simulated. The model allows the user to define the geometry of the channel or structure to the
level of detail required by the application. One popular and useful feature of the HEC-RAS
model is the capability to easily facilitate floodway encroachment analysis. Five encroachment
methods are available to the user.

HEC-RAS4 provides the ability to conduct steady, unsteady, and mixed flow analyses. RAS4
includes sediment transport analysis with choices for the analyzing using surface or substrate bed
sediments and simulating up to 5 layers within the channel bed. There are 5 choices of
computation including those better suited to cohesives, non-cohesives, predominantly sand and
gravel bedload, and predominantly suspended sediment transport. There is an analysis option that
will allow the user to use a range of sediment transport equations within a single simulation to be
sure that the different grain sizes are treated appropriately. RAS4 also includes water quality
simulations. Linked with HEC-GeoRAS, the HEC-RAS model provides the capability to import
GIS data for channel geometry and export HEC-RAS output for floodplain and floodway
delineation.
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11-D.2.2.3. WSPRO

WSPRO was developed by the USGS to compute water surface profiles for one-dimensional,
gradually varied, steady flow. Like HEC-RAS, WSPRO can develop profiles in subcritical,
critical and supercritical flow regimes. WSPRO is designated HY-7 in the Federal Highway
Administration (FHWA) computer program series and its original objective was analysis and
design of bridge openings and embankment configurations. Since then, the model has been
expanded to model open channels and culverts.

Open channel computations use standard step-backwater techniques. Flow through bridges is
simulated using an energy-balancing technique that uses a coefficient of discharge and estimates
an effective flow length. Pressure flow under bridges is simulated using orifice-type flow
equations developed by the FHWA. Culvert flow is simulated using FHWA techniques for inlet
control and energy balance for outlet control.

WSPRO is considered a fairly easy-to-use DOS-based model applicable to water surface profile
analysis for highway design, flood insurance studies, and establishing stage-discharge
relationships. However, the original form of the model is not Windows-based and therefore does
not have the useful editing and graphical features found in HEC-RAS, nor does it do anything
that HEC-RAS doesn’t do. Like HEC-RAS, a third party software developer (the Scientific
Software Group) has designed SMS (Surface Water Modeling Software) to support both pre- and
post-processing of WSPRO data.

11-D.2.2.4. EPA-Storm Water Management Model (SWMM)

EPA-SWMM was developed by the Environmental Protection Agency (EPA) to analyze storm
water quantity and quality problems associated with runoff from urban areas. For many years
EPA SWMM has been the model of choice for simulation of minor drainage systems primarily
composed of closed conduits. The model can simulate both single-event and continuous events
and has the capability to model both wet and dry weather flow. The basic output from SWMM
consists of runoff hydrographs, pollutographs, storage volumes and flow stages and depths.

SWMM's hydraulic computations are link-node based, and are performed in separate modules,
called blocks. The EXTRAN computational block solves complete dynamic flow routing
equations to simulate backwater, looped pipe connections, manhole surcharging and pressure
flow. SWMM is the most comprehensive model with respect to its capabilities to simulate urban
storm flow, and many cities have used it successfully for storm water, sanitary, or combined
sewer system modeling. Open channel flow can be simulated using the TRANSPORT block,
which solves the kinematic wave equations for natural channel cross-sections.

Although represented here as a hydraulic model, SWMM has both hydrologic and water quality
components. Hydrologic processes are simulated using the RUNOFF block, which computes the
quantity and quality of runoff from drainage areas and routes the flow to the major sewer system
lines. Pollutant transport is simulated in tandem with hydrologic and hydraulic computations,
which calculate pollutant buildup and washoff from land surfaces and pollutant routing, scour
and in-conduit suspension in flow conduits and channels.
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EPA SWMM is a public domain, DOS-based model. For large watersheds with extensive pipe
networks, input and output processing can be tedious and confusing. Because of the popularity of
the model, third-party commercial enhancements to SWMM have become more common,
making the model a strong choice for minor system drainage modeling. Examples of
commercially enhanced versions of EPA SWMM include MIKE-SWMM, distributed by BOSS
International, XPSWMM by XP-Software, and PCSWMM by Computational Hydraulics Inc
(CHI). CHI also developed PCSWMM-GIS, which ties the SWMM model to a GIS platform.

11-D.2.2.5. FHWA HY-8 Culvert Analysis

HY-8 is a computerized implementation of FHWA culvert hydraulic approaches and protocols.
The FHWA has been producing computerized culvert hydraulic software since the early 1960's
(with the HY-1 program). HY-8 Culvert Analysis automates the design methods described in
FHWA publications HDS-5, "Hydraulic Design of Highway Culverts," HEC-14, "Hydraulic
Design of Energy Dissipators for Culverts and Channels,” and HEC-19, "Hydrology." The
FHWA released the initial DOS-based version of the HY-8 program in the early 1980's. FHWA
released the original Windows version (7.0) in March 2007 and the latest phase update (7.2) in
August 2009). The HY-8 program has successfully operated on all current "flavors™ of the
Windows operating system. The HY-8 program is available at no charge to the hydraulic and
transportation communities.

11-D.2.2.6. CulvertMaster

CulvertMaster, developed by Haestad Methods, Inc., is an easy-to-use, Windows-based culvert
simulation and design program. The program can analyze pressure or free surface flow
conditions and subcritical, critical and supercritical flow conditions, based on drawdown and
backwater. A variety of common culvert shapes and section types are available. Tailwater effects
are considered and the user can enter a constant tailwater elevation, a rating curve, or specify an
outlet channel section. Culvert hydraulics are solved using FHWA methodology for inlet and
outlet control computations. Roadway and weir overtopping are checked in the solution of the
culvert.

CulvertMaster also has a hydrologic analysis component to determine peak flow using the
Rational Method or the SCS Graphical Peak Method. The user also has the option of entering a
known peak flow rate. The user must enter all rainfall and runoff information (e.g., IDF data,
rainfall depths, curve numbers, C coefficients, etc).

11-D.2.2.7. FlowMaster

FlowMaster, also developed by Haestad Methods, Inc., is a Windows-based hydraulic pipe and
channel design program. The user enters known information on the channel section or pipe, and
allows the program to solve for the unknown parameter(s), such as diameter, depth, slope,
roughness, capacity, velocity, etc. Solution methods include Manning's equation, the Darcy-
Weisbach formula, Hazen-Williams formula, and Kutter's Formula. The program also features
calculations for weirs, orifices, gutter flow, ditch and median flow and discharge into curb,
grated, and slot inlets.
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11-D.2.3. Water Quality Programs
11-D.2.3.1. Virginia Runoff Reduction Method

The Virginia Runoff Reduction Method (RRM) is a compliance tool developed for DEQ by the
Center for Watershed Protection. The RRM is based in a Microsoft Excel spreadsheet format. It
is quick and easy to use, allowing the user to enter basic development site cover and area data to
compute a runoff volume and phosphorus load from the site after development. Then the user
chooses various combinations of BMPs to provide a phosphorus reduction necessary to meet the
discharge load limit criteria in the Virginia Stormwater Management Regulations (9 VAC 25-
870-63).

The methodology accounts for treatment trains (i.e., BMPs arranged in sequence) and generates a
modified CN based on the site conditions and BMPs selected. A detailed discussion of the RRM
is provided in Chapter 12 of this Handbook.

11-D.2.3.2. Hydrologic Simulation Program FORTRAN (HSPF)

The HSPF model was developed by the EPA for the continuous or single-event simulation of
runoff quantity and quality from a watershed. The original model was developed from the
Stanford Watershed Model, which simulated runoff quantity only. It was expanded to include
quality components, and has since become a popular model for continuous non-point source
water quality simulations. Non-point source conventional and toxic organic pollutants from
urban and agricultural land uses can be simulated, on pervious and impervious land surfaces and
in streams and well-mixed impoundments. The various hydrologic processes are represented
mathematically as flows and storages. The watershed is divided into land segments, channel
reaches and reservoirs. Water, sediment and pollutants leaving a land segment move laterally to a
downstream land segment, a stream or river reach, or reservoir. Infiltration is considered for
pervious land segments.

HSPF model output includes time series information for water quality and quantity, flow rates,
sediment loads, and nutrient and pesticide concentrations. To manage the large amounts of data
associated with the model, HSPF includes a database management system. To date, HSPF is still
a DOS-based model and therefore does not have the useful graphical and editing options of a
Windows-based program. Input data requirements for the model are extensive and the model
takes some time to learn. Users link HSPF to the BASINs model (discussed below); together
they provide robust advantages. The EPA continues to expand and develop HSPF, and still
recommends it for the continuous simulation of hydrology and water quality in watersheds.

11-D.2.3.3. Better Assessment Science Integrating Point and Nonpoint Sources
(BASINS)

The BASINS watershed analysis system was developed by the EPA for use by regional, state and
local pollution control agencies to analyze water quality on a watershed-wide basis. BASINS
databases, assessment tools and models integrate directly with the ArcView GIS environment,
national databases containing watershed data, and modeling programs and water quality
assessment tools into one stand-alone program. The program, which has a use-friendly graphical
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interface, will analyze both point and non-point sources and supports the development of total
maximum daily loads (TMDLs). The assessment tools and models utilized in BASINS include
TARGET, ASSESS, Data Mining, HSPF, TOXIROUTE and QUALZE.

11-D.2.3.4. QUALZ2EU: Enhanced Stream Water Quality Model

QUALZ2EU was developed by the EPA and intended for use as a water quality planning tool. The
model actually consists of four modules:

e QUALZE, the original water quality model;

e QUALZ2EU, the water quality model with uncertainty analysis;
e A pre-processing module; and

e A post-processing module.

QUALZ2EU simulates steady state or dynamic conditions in branching streams and well-mixed
lakes, and can evaluate the impact of waste loads on water quality. It also can enhance a field
sampling program by helping to identify the magnitude and quality characteristics of non-point
waste loads. Up to 15 water quality constituents can be modeled. Dynamic simulation allows the
user to study the effects of diurnal variations in water quality (primarily DO and temperature).
The steady state option allows the user to perform uncertainty analyses.

QUALZ2EU is a DOS-based program, and the user will require some length of time to develop a
QUALZ2EU model, mainly due to the complexity of the model and data requirements for a
simulation. However, to ease user interaction with the model an interactive pre-processor
(AQUAL2) has been developed to help the user build input data files. A post-processor
(Q2PLOT) also exists to display model output in textual or graphical formats.

11-D.2.3.5. Water Quality Analysis Simulation Program (WASP5)

The WASP5 model was developed by the EPA to simulate contaminant fate in surface waters.
Both chemical and toxic pollution can be simulated in one, two, or three dimensions. Problems
studied using WASPS5 include biochemical oxygen demand and dissolved oxygen dynamics,
nutrients and eutrophication, bacterial contamination, and organic chemical and heavy metal
contamination. WASP5 has an associated stand-alone hydrodynamic model, called DYNHYD5,
that simulates variable tidal cycles, wind and unsteady flows. DYNHYD4 supplies flows and
volumes to the water quality model. The model is DOS-based. However, WASP packages can be
obtained from outside vendors that include interactive tabular and graphical pre- and post-
processors.

11-D.2.3.6. Source Loading and Management Model (SLAMM)

The SLAMM model was originally developed as a planning tool to model runoff water quality
changes resulting from urban runoff pollutants. The model has been expanded to included
simulation of common water quality best management practices such as infiltration BMPs, wet
detention ponds, porous pavement, street cleaning, catch basin cleaning and grass swales. Unlike
other water quality models, SLAMM focuses on small storm hydrology and pollutant washoff,
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which is a large contributor to urban stream water quality problems. SLAMM computations are
based on field observations, as opposed to theoretical processes. SLAMM can be used in
conjunction with more commonly used hydrologic models to predict pollutant sources and flows.

11-D.3. REFERENCES
Atlanta Regional Commission (ARC). 2001. Georgia Stormwater Management Manual.

Prepared by AMEC, the Center for Watershed Protection, Debo and Associates, Jordan Jones
and Goulding, and the Atlanta Regional Commission. Atlanta, Georgia.
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Appendix 11-E

Filter and Drainage Diaphragm Design

USDA-NRCS Soil Mechanics Note No. 1: “Guide for Determining the Gradation of
Sand and Gravel Filters,” incorporated into the National Engineering Handbook, Part
633 Soil Engineering. This can be found on the NRCS eDirectives website; the direct
link is http://directives.sc.eqov.usda.gov/viewerFS.aspx?hid=21424

USDA-NRCS Soil Mechanics Note No. 3: “Soil Mechanics Considerations for
Embankment Drains,” This can be found on the NRCS eDirectives website; the direct
link is http://directives.sc.eqov.usda.gov/viewerFS.aspx?hid=19994
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