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Draft Chapter 10
UNIFORM STORMWATER BMP SIZING CRITERIA

10.0 INTRODUCTION

Stormwater management policies have been developedthe years in an attempt to mitigate
the impact of land development on aquatic systents @roperty, as discussed previously.
Increased flash flooding and the associated floathabe in urbanizing areas gave rise to
stormwater management policies based on controtlegpeak discharge of runoff from the
development site. In addition to the structuraindge, significant erosion of the channel bed
and banks was considered to be a detriment toahe \of property. Detention basins sized to
reduce the post-development peak discharge to rielgveloped rates became an acceptable
and commonly used method of mitigating these ingpaéturbanization. As channels eroded,
more and more localities developed peak rate cbminbicies aimed at controlling channel
erosion and localized flooding. These policieswéeer, were still based on a peak rate of
discharge and did not address the increaséuimeandfrequencyof the peak discharge. (MDE,
2000)

Both theory and experience indicates that, whileemt@n basins designed to control peak
discharge are effective in controlling peak flowesg the basins are ineffective in controlling the
degradation of erodible channels downstream ob#sen. (McCuen, Moglen, 1988). Similarly,
stormwater management designs must incorporateogietior improving water quality. (MDE,
2000) The traditional detention approach aloneoissufficient. In fact, Virginia’s new way to
approach stormwater management involves a parasifity establishing on-siteunoff volume
reduction as the main priority. In conjunction with thatfshthe termTreatment Volume (Tv)
will replace the termWater Quality Volumdo represent the volume of runoff that must be
reduced and/or treated to achieve compliance viéh water quality criteria in the Virginia
Stormwater Management Regulations.

This chapter presents an updated, more effectiifeedrmpproach for sizing stormwater BMPs in

Virginia to meet pollutant removal goals, maintagnoundwater recharge, reduce channel
erosion, prevent overbank flooding, and pass exréioods. For a summary, please consult
Table 10.1 below. The remaining sections describe the apple sizing issues and the

associated criteria in detail and present guidamténow to properly compute and apply the
required storage volumes.

The Virginia Stormwater Management Regulationsatliyeaddress three (in boldface type) of
the five different stormwater BMP sizing issuest thee typically addressed in such regulations
and ordinances (the three in italics and boldfgpe fire addressed in the Virginia regulations):

Groundwater Recharge and/or Runoff Volume Reduction
Water Quality Protection

Receiving Channel Protection

Frequent/Overbank Flooding

Flooding from Extreme Storms
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Table 10.1. Summary of the Statewide StormwaterB&izing Criteria

Sizing Criteria

Description of Stormwater Sizing Criteria

Recharge Volume
(Re,) (acre-feet)

Virginia has no separate recharge requirement. The Virginia Runoff Reduction
Methodology serves to address both the recharge and water quality treatment
criteria in the regulations. The Method can also potentially meet or help to meet
the water quantity control criteria. See Appendix 13-A for an optional approach
to assuring reasonable groundwater recharge.

Treatment Volume
(T.) (acre-feet)

Tv= P (Rvi” %i + Rvt” %t + Rvf” %f)" SA
12

Where: Tv = Runoff reduction volume in acre feet
P = Depth of rainfall (1-inch) for “water quality” event
Rvi = runoff coefficient for impervious cover
Rvt = runoff coefficient for turf cover or disturbed soils®
Rvf = runoff coefficient for forest cover*
%i = percent of site in impervious cover
%t = percent of site in turf cover
%f = percent of site in forest cover
SA = total site area, in acres
! Obtain Rv values from Table 10.3 below

Channel Protection
Storage Volume

(Cpy)

The required storage volume is situational, based on the type of receiving
channel that exists downstream of the drainage outfall (4 VAC 50-60-66 A), with
the flow released at a rate that will prevent erosion of the receiving channel,
depending upon how much runoff volume reduction is achieved on-site with
water quality BMPs, there may be little or no additional Cp,; detention upstream
of natural receiving channels is based on situational energy balance formulas
described on page 13 of this chapter and based on the 1-year 24-hour storm.

Overbank Flood
Protection Volume

(Qu0)

The required storage volume is situational, based on the type of receiving
channel that exists downstream of the drainage outfall (4 VAC 50-60-66 B), with
the flow released at a rate that will prevent erosion of the receiving channel,
depending upon how much runoff volume reduction is achieved on-site with
water quality BMPs, there may be little or no additional Q,o; detention upstream
of natural receiving channels is based on the energy balance formula described
on page 13 of this chapter and based on the 10-year 24-hour storm.

Extreme Flood
Protection Volume

Q1)

Consult the appropriate review authority. Normally, no control is required if
development is excluded from the 100-year floodplain and downstream
conveyance is adequate.

The general goal of each of these stormwater mamagiecriteria is to ensure that stormwater
runoff at development sites is managed in suchativat the post-development hydrology and
runoff characteristics at the development site etllosesemble the pre-development hydrology
and runoff characteristics over a wide range offedii events.

apply for each of these elements of stormwater gemant.

10.1 UNIFIED SIZING CRITERIA

A unified approach is the most effective way to @lep and present stormwater BMP sizing
criteria. The goal of a unified sizing framewogktd develop a consistent approach for sizing

BMPs that can:

Promote Better Site Design and On-Site Runoff Retlois: Be structured in a manner so
that property owners have real incentives to rediioceige volumes (and costs) by applying

environmental site design (ESD) techniques andgusinoff reduction practices.

Different BMP sizing criteria
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$ Perform Effectively: Manage enough stormwater runoff volume to acpuabblve the
stormwater problems that the stormwater managemegntiations are supposed to address
(to avoid, miniminize or mitigate the potential imdul impacts to downstream waters and
properties).

$ Perform Efficiently: Manage just enough runoff volume to address tioblems but not
over-control them. Providing more stormwater gjerés not always better and can greatly
increase construction costs and consume valuatude la

$ Be Simple to Administer: Be understandable, relatively easy to calculaii wurrent
hydrologic models, and workable over a range oktigyment conditions and intensities. In
addition, stormwater management criteria shouldlear and straightforward, and backed up
by the regulations and law, to avoid needless despbetween design engineers and plan
reviewers when they are applied to developmens.site

$ Be Flexible to Respond to Special Site Conditiondefine certain site conditions or
development scenarios where individual stormwatng criteria may be relaxed or waived
when they are clearly inappropriate or infeasil{ieWP)

A unified framework for sizing stormwater BMPs pirdes greater consistency and integration
among the different stormwater management criteudined in the regulations. It also
establishes a foundation for stormwater managertteit can be used to address all of the
stormwater problems associated with the entire tapmcof rainfall events, provided that the
regulations adequately address the stormwater neamag sizing issues listed above. Over the
course of a year, many precipitation events ocdtitinva community. Most events are quite
small, but a few can create several inches of alinfThe range of storms that typically occur
can be represented in a rainfall frequency spectinatysis (RFSA), describing how often, on
average, various precipitation events (adjusted sioowfall) occur during a normal year.
Stormwater BMP sizing criteria should be reasonaélgted to a RFSA for the state or regions
within the state.

To understand the link between the RFSA and thewsistormwater management criteria, it is

important to understand that each of the critesiaimed at controlling the stormwater runoff

from a specific rainfall event. The rainfall everthat are the target of the various stormwater
management criteria are described in more detdd|esvs:

$ Groundwater Recharge and/or Runoff Volume ReductioTargets the rainfall events that
create little or no stormwater runoff, but that gwoes much of the annual groundwater
recharge that occurs at the development site.

$ Water Quality Protection: Targets the rainfall events that transport thgontg of
stormwater pollutants off the development site.

$ Receiving Channel Protection: Targets the channel-forming storm events thategga
bankfull and sub-bankfull flows in downstream chealsnand cause downstream erosion of
the channel bed and banks.

$ Frequent/Overbank Flooding: Targets the large and relatively infrequent stesrants that
cause streams to leave their banks and spill avwer the floodplain, causing damage to
infrastructure and streamside property.
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$ Flooding from Extreme Storms:Targets the largest, most infrequent storm evitscause
catastrophic flooding and threaten floodplain duites and public safety (e.g., the 100-year
flood). (CWP)

An example of a typical RFSA is provided in Figa@.1, showing the approximate ranges for
storms comprising the unified sizing criteria. Tiigure shows the percentage of rainfall events
that are equal to or less than an indicated rdidigbth. As can be seen, the majority of storm
events are relatively small, but there is a shawaud inflection point that occurs just above
one-inch of rainfall (98 percentile rainfall event). (CWP)

Figure 10.1. Approximate Ranges for Storms Compigsthe Unified Sizing Criteria

As one might guess, the management of larger amd mfsequent rainfall events (i.e., overbank
flooding and extreme flooding) requires larger staater BMPs with larger storage volumes.
For example, the storage volume required to manageff from the extreme flood storm event
is significantly larger than that required to maaalge runoff from the channel protection storm
event. Likewise, the storage volume required toage the runoff from the channel protection
storm event is larger than that required to mamageff from the water quality protection storm
event.

The relationship between the five stormwater sizintgria is best understood visually as a layer
cake, with the recharge/volume control element dpdime thinnest layer at the top and the
extreme storm control comprising the thickest lagtethe bottom. As well, the volume involved

in the lower/smaller storms is part of the voluoe the next larger storm. That is, the runoff
volume associated with groundwater recharge iseddatand part of the volume associated with
the need for water quality treatment, which is egésh and part of the volume associated with
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stream channel protection, etc. Therefore, whedesigner applies BMPs to address the
treatment volume, he is also addressing at leastgathe channel protection volume, etc.
Figure 10.2illustrates the relationship between the five gypéstormwater sizing criteria.

Figure 10.2. Graphic Representation of the Unifi&tormwater BMP Sizing Criteria (Source: CWP)

The following sections provide a discussion of @as sizing criteria for stormwater volume
reduction, stormwater quality control, stream clenprotection, and flood control BMPs in
Virginia.

10.1.1 Runoff Volume Reduction

The intent of Virginia’s Runoff Reduction Method tis (1) reduce the total volume of runoff
carrying pollutants and increasing the stormwatew o receiving streams, and (2) to maintain
groundwater recharge rates at development siteficisnf to preserve existing water table
elevations and support natural base flows in stseana wetlands. Under natural conditions, the
amount of recharge that occurs at a site is a imadf slope, soil type, vegetative cover,
precipitation and evapotranspiration. Sites wittural ground cover, such as forest and
meadow, typically exhibit higher recharge ratesydo runoff volumes and greater transpiration
losses than sites dominated by impervious covénceSand development increases impervious
cover, a net decrease in recharge rates is inéwitab
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Virginia’s approach to water quality protection hvih fact, reduce runoff volume and, in the
process, accomplish a significant amount of grouatdwrecharge using the same BMPs. In that
light and with support from DCR staff and Virginstakeholders, the Virginia Soil and Water
Conservation Board has not adopted separate graiadvecharge criteria at this time.

It is important to note that under Virginia’s storm water management act and regulations,
local governments have the option to adopt more strgent criteria than those specified in
the act and state regulations, subject to certainanditions (see the section about this at the
end of this chapter) DCR is aware that some localities may be intecks including specific
groundwater recharge requirements in their locdlnances. One reason for this is that some
communities are concerned that stormwater plargdess dealing with less complex sites may
avoid implementing runoff volume reduction pracside lieu of simply specifying a large pond
practice that may be able to otherwise comply whih various regulatory requirements. While
this is a legally acceptable alternative, it wouldt address the need to recharge local
groundwater in order to maintain stream base flawngdj periods of dry weather.

In view of that possibility, DCR staff has reviewagdproaches to setting groundwater recharge
criteria that have been used in other states \aitkd and weather conditions similar to those we
have in Virginia. For those localities desiring adopt a groundwater recharge requirement,
DCR believes the approach set forthAippendix 10-A (at the end of this chapter) makes the
most sense for application in Virginia.

10.1.2 Water Quality Treatment

Treatment of stormwater runoff is needed to me&bdéished water quality standards and to
protect aquatic life, designated stream uses amsitse@ water resources. A significant number
of water quality monitoring studies has revealeat tintreated stormwater runoff contains high
concentrations of sediments, nutrients, bacteriagtals, oxygen-demanding substances,
hydrocarbons and other pollutants (Pitt et 2005), which have a significant impact on stream
and lake quality (CWP, 2001 and CWP, 2003).

The Virginia Stormwater Management Regulations jmesly required that thérst flush of
runoff be captured and “treated” to remove polltganThe first flush, owater quality volume
(WQ,), is defined in the Act and regulations as thstfiv>-inch of runoff from impervious
surfaces. However, scientists now believe that ititial volume of runoff does not capture the
full range of pollutants with which we are concetmie urban/suburban runoff.
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Water quality BMPs which are dependent on volumejck as extended
detention, constructed stormwater wetlands, and some cases infiltration,
previously have had a required treatment volume2o0® x WQv (or 2.0 x 0.5" =
1.0" per impervious acre). This will result in aevy similar volume as that
based on the RFSA method described above. As thes@ods are studied and
BMPs are monitored, the design criteria for detemmmg the Treatment Volume
may be refined to achieve a greater overall levetreatment.

While the first flush from a storm event is consa&teto contain the highest concentration of
pollutants, there is considerable debate over ntensity of rain needed to wash the pollutants
from the urban landscag€WP). Studies have shown that intensity is the critwalsh off
factor for most storm events, and many people oantively comprehend that higher intensity
rains leave impervious surfaces cleaner than lomtensity rains. (Adams, 1997). The typical
NRCS rainfall hyetograph starts with a low raihfatensity which gradually rises to a peak and
then declines. This may indicate that in some <#se designated Treatment Volume provided
in a stormwater basin may fill up with the relatiwelean water at the onset of a rain event,
consequently allowing the larger flows associatath ihe high intensity rain and pollutant
wash-off to pass through the facility.

A similar discussion on the design criteria for @raquality structures focuses on the “volume”
of runoff versus the “rate”, or even the returrgirency, of runoff. The water quality volume or
first flush is detained in a basin or impoundmeaniicgure to allow the pollutants to settle out.
Whether that specific volume of runoff enters tlasib gradually, or as the result of a sudden
high intensity rain, it is still detained for a et of time. Filtering structures, on the othentia
can handle only a certain design flow rate. Suddgh intensity rain will typically generate too
much runoff too fast and therefore bypass thenreat facility. Therefore, many stormwater
management experts are now reluctant to rely on ti@ing the first flush alone, and more
effective methods have been developed to determittee volume of runoff that needs to be
treated. Virginia uses a method developed by The CemteMfatershed Protection, based on
the Runoff Frequency Spectrum (RFS) discussed altoverovide treatment for the runoff
volume from rainfall events up to and including @' percentile storm event. In Virginia and
the Chesapeake Bay region, thd"q@rcentile event provides approximately 1 inchraffall
(seeFigure 10.3below).

DCR had the CWP conduct rainfall frequency analysefive different locations in Virginia, to
see if there were significant variations in th& @@rcentile rainfall depth:

Abingdon 0.97 inch
Near Harrisonburg 1.05 inches
Lynchburg 1.23 inches
Richmond 1.29 inches

Northern Virginia 1.14 inches
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Figure 10.3. Rainfall Frequency Curve for Reagantl Airport (DeBlander, et al., 2008).

All of these hover around 1 inch of rainfall depdimd it is reasonable to decide upon a statewide
average amount for the purpose of establishincgaewide standard. Therefore, this analysis
supports DCR’s establishment of the 1-inch rainélént as the standard for the Treatment
Volume (T,).

The rationale for using the 90 percentile event is that it represents the majasit runoff
volume on an annual basis, and that larger eveotsdabe very difficult and costly to control for
the same level of water quality protection (as ¢atkd by the upward inflection at 90%).
However, these larger storm events would likelyeree partial treatment for water quality, as
well as storage for channel protection and floodtimd. To distinguish this volume from the
term water quality volumewhich is defined in the Act and regulations, wil wall this the
“Treatment Volume” (7).

Treatment Volume is the central component of thed®uReduction method. By applying site
design, structural, and nonstructural practices,ddsigner can reduce the treatment volume by
reducing the overall volume of runoff leaving asitin this regard, the,Ts the main “currency”

for site compliance.

In the Virginia Runoff Reduction Method, a site’s i calculated by multiplying the “water
quality” rainfall depth (one-inch) and a composifethree site cover runoff coefficients (forest,
disturbed soils, and impervious cover) presenhatsite, as shown iEquation 10.1 (CWP et
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al.,, 2008). This method generates aof close to 1 inch for highly impervious sites and
gradually decreasing volumes for gradually decrepkavels of imperviousness.

Equation 10.1. Runoff Reduction Method to Deterneithe Stormwater Treatment Volume (Tv)

v P (Rvi” %i + Rvt” %t + Rvf” %f)" SA
12

Where:

Tv = Runoff reduction Treatment [a.s.] volume imeafeet
P = Depth of rainfall (1-inch) for “water qualitgvent
Rvi = runoff coefficient for impervious coverl

Rvt = runoff coefficient for turf cover or distugl soils1
Rvf = runoff coefficient for forest coverl

%i = percent of site in impervious cover (frachida.s.]
%t = percent of site in turf cover (fraction) [&.s

%f = percent of site in forest cover (fraction)sig

SA =total site area, in acres

1 Obtain Rv values frorfiable 10.2below

The proposed Treatment Volume has several disideantages when it comes to evaluating
runoff reduction practices and sizing BMPs:

The Tv provides effective stormwater treatmentdpproximately 90% of the annual runoff
volume from the site, and larger storms will betipdly treated.

Storage is a direct function of impervious coved disturbed soils, which provides designers
incentives to minimize the area of both at a site.

The 90% storm event approach to defining the Treatriwolume is widely accepted and is
consistent with other state stormwater manuals (MBEO, ARC, 2002, NYDEC, 2001,
VTDEC, 2002, OME, 2003, MPCA, 2005).

The Tv approach provides adequate storage to padhttants for a range of storm events.
This is important since the first flush effect heen found to be modest for many pollutants
(Pitt et al 2005).

Tv provides an objective measure to gage the agtgguerformance of environmental site
design, LID and other innovative practices, andveotional BMPs together using a
common currency (runoff volume).

Calculating the Tv explicitly acknowledges the drfnce between forest and turf cover and
disturbed and undisturbed soils. This createsnimees to conserve forests and reduce mass
grading and provides a defensible basis for comgutunoff reduction volumes for these
actions.

10.1.2.1 Runoff Coefficients — Moving Beyond Imperv  ious Cover Alone

The negative impacts of increased impervious c¢M&r on receiving water bodies have been
well documented (CWP 2003, Walsh et al. 2004; Snegtal. 2005; Bilkovic et al. 2006). Due
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to wide-spread acceptance of this relationshipghd€ frequently been used in watershed and site
design efforts as a chief indicator of stormwatepacts.

More recent research, however, indicates that odmedt covers, such as disturbed soils and
managed turf, also impact stormwater quality (Latvag 2008). Numerous studies have

documented the impact of grading and constructiothe compaction of soils, as measured by
increase in bulk density, declines in soil permktgbiand increases in the runoff coefficient

(OCSCD et al, 2001; Pitt et al, 2002; Schueler Hotland, 2000). These areas of compacted
pervious cover (lawn or turf) have a much greatgirblogic response to rainfall than forest or

pasture.

Further, highly managed turf can contribute to ated nutrient loads. Typical turf management
activities include mowing, active recreational used fertilizer and pesticide applications
(Robbins and Birkenholtz 2003). An analysis of gifiia-specific data from the National
Stormwater Quality Database (Pitt et al. 2004) tbdinat runoff from monitoring sites with
relatively low IC residential land uses containeghgicantly higher nutrient concentrations than
sites with higher IC non-residential uses (CWP & \DXCR, 2007). This suggests that
residential areas with relatively low IC can havstutbed and intensively managed pervious
areas that contribute to elevated nutrient levels.

The failure to account for the altered charactiessof disturbed urban soils and managed turf
can result in an underestimation of stormwater fluand pollutant loads generated from urban
pervious areas. Therefore, the computation andotante system for nutrients should take into
account impervious cover as well as other land.uses

The runoff coefficients provided ifable 10.3(CWP et al., 2008)ere derived from research by

Pitt et al (2005), Lichter and Lindsey (1994), Geler (2001a), Schueler, (2001b), Legg et al
(1996), Pitt et al (1999), Schueler (1987) andpialfa et al (2005). As shown in this table, the
effect of grading, site disturbance, and soil coatipa greatly increases the runoff coefficient
compared to forested areas.

Table 10.2. Site Cover Runoff Coefficients (Rv)

Soil Cover Condition RENOIiCReile Sl
HSG-A HSG-B HSG-C HSG-D
Forest 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

The advantage of a computation system for nutrignaistakes into account a range of land
covers is that stormwater management designs awk fa higher likelihood of treatirad
relevant land uses that contribute nutrients tewedys. In addition, such a system provides
incentives to incorporate better site design teges, such as maintaining or restoring forest
cover, as a means of reducing site compliance reqeints.

10
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10.1.3 Receiving Stream Channel Protection

The purpose of channel protection criteria is ®vpnt habitat degradation and erosion in natural
streams caused by an increased frequency of bardfal sub-bankfull stormwater flows.
Channel protection criteria seek to minimize dowaet channel enlargement and incision that
is a common consequence of development (CWP, 200¥sjields and forests are converted to
impervious surfaces, the volume and frequency abffuis increased significantly. Research
indicates that urbanization causes channels tonekpa two-to-ten times their original size in
order to accommodate the increased volume and drexyuof runoff caused by increased
impervious cover, as well as the increased conwayaificiency of curbs, gutters and storm
drains (for a review, see CWP, 2003 and 2005a).

Such stream channel enlargement significantly ingpatteam habitat, water quality and public
infrastructure. Streambank erosion sharply in@edstal annual sediment yield and nutrient
loads, as nutrient-rich floodplain soils are eroded transported downstream. In addition,
channel erosion degrades and simplifies stream tdtalstructure, diminishing aquatic
biodiversity. Lastly, channel erosion can causeese damage to bridge, culvert and sewer
infrastructure and loss of private property.

Stream channel erosion results primarily from hégbur velocities over extended durations of

time. Historically, peak discharge control for tBeyear storm has been applied to control

channel erosion in Virginia, as it has been in nstates. Many communities continue to use
that criterion today. This requirement seeks tepkthe post-development peak discharge rate
for the 2-year 24-hour design storm at the pre-ldgweent rate. The reasoning behind this

criterion is that the bankfull discharge for mosteams has a storm recurrence interval of
between one and two years, with approximately &&ry as the most prevalent (Leopold, 1964
and 1994). The expectation has been that maintithis discharge rate should prevent

downstream erosion.

Recent research, however, indicates that 2-yeds gisaharge control does not protect channels
from downstream erosion and may actually contriltaterosion, since banks are exposed to a
longer duration of erosive bankfull and sub-bank&dents (MacRae, 1993, MacRae, 1996,
McCuen and Moglen, 1988). Thus, while 2-year pe@kharge control may have some value
for overbank flood control, it is not effective aschannel protection criterion, since it may
actually extend the duration of erosive velocitieshe stream and increase downstream channel
erosion. This is explained further Appendix B of this chapter.

The Virginia Stormwater Management Regulations rameress prevention of stream channel
erosion with new criteria superseding those of kunm Standard 19 of the Virginia Erosion and
Sediment Control Regulations (4 VAC 50-30-40.19hick was the previous standard. This
criteria requires that‘Properties, state waters, and stormwater conveysnaowithin or
downstream of a land disturbing activity shall b®tpcted from sediment deposition, erosion
and flood damage due to unmanaged quantity of stater and changes in runoff
characteristics. . . .”(4 VAC 50-60-66). The termunoff characteristicsis defined in the
regulations as followsRunoff characteristics include, but are not lindtéo velocity, peak flow

11
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rate, volume, time of concentration, and flow dimat and their influence on channel
morphology including sinuosity, channel cross-sewl area, and channel slope.”

For channel protection sizing purposes, Virginia haw adopted the most widely recommended
channel protection criteria of the last few yearshat is, to provide 24 hours of extended
detention for the runoff generated from the postettgpment 1-year 24-hour design storm. This
runoff volume is stored and gradually released edta that prevents critical erosive velocities
from occurring in downstream channels over thererdtorm hydrograph. In additioman-
made channelsre analyzed for adequacy to convey the 10-yeak pischarge within the
channel banks and the 2-year peak discharge ah-&nogive velocity. These criteria, used in
Maryland, New York, Vermont, Georgia, and othertegaresult in significantly lowered
discharge rates and velocities considered to beenosive, despite the longer impact time and
increased frequency. It is relatively easy to cotemt most development sites using available
hydrologic and hydraulic models. It is importaatrtote that the control volume calculated for
channel protection purposegludesthe control volume calculated for water qualitptection
purposes.

However, some stormwater experts have begun totigneshether addressing the peak flow
rate alone, without considering changes in runaffume, is sufficient to adequately protect
channels from erosion. These experts contendhleathannel is formed naturally based on the
“energy” represented in flows through the systefihat energy is not just a result of the peak
discharge, but also a reflection of the velocityg anlume of flow.

Therefore, Virginia has modified the channel pratetsizing criteria in order to compensate for
the increase in runoff volume as well. By addmggeak discharge and volume together, DCR
presumes the velocity will be adequately managesedis

To accomplish this, the regulations incorporate tessions of a method set out in § 10.1-
603.4.7.(iii) of the Stormwater Management Law,rafected in an equation developed by
Fairfax County. Using this equation, the post-demment peak flow rates of runoff from 1-year
24-hour storm at the development site are reduaditkow the respective peak rates of runoff
for the site based on (1) the pre-development keoxkr, if discharging to a natural stream
channel that is in stable condition, or (2) goode$fted condition (e.g., for NRCS method, a
cover type of “woods” and a hydrologic condition“gbod”), if discharging to a natural stream
channel that already has excessive erosion. Bbthese formulas take runoff volume into
account. These reductions result in a proportionptovement and are computed as follows:

Equation 10.2. Energy Balance Equation
(Used where the outfall discharges to a naturabstrchannel that is in stable condition)

QDevelopedX RVDeveIoped QPre-DevelopedX R\'ﬁ’re-Developed

Where:
Qoeveloped = The allowable peak flow rate of runoff fronettleveloped site
Qpre-Developed = The peak flow rate of runoff from the sitetie pre-developed condition
RVbeveloped = The volume of runoff from the site in the dieyed site
RVere-peveloped = The volume of runoff from the site in the mleveloped condition

12



DRAFT 2010 Virginia Stormwater Management Handbook,Chapter 10 Sep 2009

Equation 10.3. Modified Energy Balance Equation
(Used where the outfall discharges to a naturahstrchannel that already has excessive erosion)

QDeveIopedX RVDeveloped Qrorested X RVWorested
Where:
Qoeveloped = The allowable peak flow rate from the devetbpite
Qrorested = The peak flow rate from the site in a foresteddition
RVbeveloped = The volume of rainfall runoff expected fronettieveloped site
RVeoresteda = The volume of rainfall runoff expected fronetsite in a forested condition

This method results in post-development dischatpes are low enough to avoid causing
channel erosion. Furthermore, the latter equasiainsfies a requirement in the Stormwater
Management Act (8 10.1-603.4.7) to “. improve upon the contributing share of the existing
predevelopment runoff characteristics and site bialyy if stream channel erosion or localized

flooding is an existing predevelopment condifionThe regulations also provide alternate
methods of compliance, including using another w@thogy that achieves equivalent results,
providing receiving channel improvements that dest@te accommodation of post-

development flows, and several exemptions fronctiteria.

10.1.4 Frequent Overbank Flood Protection

The goal of this criterion is to prevent flood dayjeao the conveyance system and drainage
infrastructure and reduce minor flooding causedobgr-bank floods. Over-bank floods are
defined as floods which exceed the bankfull capaeftthe channel and spill over onto the
floodplain, where they can damage property andctiras. The key management objective is to
protect downstream structures, culverts and brifiges increased over-bank flooding.

The storage needed for over-bank and extreme ftmodrol is significantly greater than that
needed for recharge and water quality togetheravad costly and needless over-control of
large storm events or the application of flood cointriteria to every site, regardless of
downstream or discharge conditions, the regulationkide various flood control exemptions
applicable to sites where there are negligibleatsr& downstream property or infrastructure.

Virginia has established an over-bank flood conti®dign storm that is the same as that used to
design open channels, culverts, bridges, and stvaim systems. Depending on the type and
condition of the receiving stream, the regulaticetguire post-development peak discharges from
the 10-year/ 24-hour design storm event be eitloetacned within the receiving system or
controlled to reduce the pre-development peak digEhto mimic a discharge from the site if it
were completely forested (4 VAC 50-60-66 B). Modglihas shown that control of the 10-year
storm coupled with control of the 100-year stornfieeively attenuates storm frequencies
between these two events (e.g., the 25-year an@&Odesign storms). Even without attenuation
of the 100-year event, providing control of the yE&r storm event provides significant control
of the 25-year storm event (approximately 70 to 80%
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10.1.5 Extreme Flood Protection

The goals of extreme flood protection criteria & maintain the boundaries of the
predevelopment 100-year floodplain, reduce riskiftoand property from infrequent but very
large floods, and protect the physical integrity stormwater BMPs and downstream
infrastructure. Control of the 10-year frequen@gign storm to the pre-developed rate should
not be confused with out-of-bank flooding as ittpers to the 100-year floodplain mapped by
the Federal Emergency Management Agency (FEMA. iapped 100-year floodplain is
important because it is used to designate and g the National Flood Insurance Program.
Most localities in Virginia have a Floodplain Mamagent Ordinance which controls
development within the 100-year floodplain.

Protection from extreme flood damage is accomptishéwo ways:

1. Detention storage would be required to attenuate pibst-development 100-year 24-hour
peak flow rate @) to the pre-development rate. This is the mashgegnt and expensive
level of flood control. DCR does not require tiBAMPs be sized to hold back the 100-year
storm, because this is generally not needed ifithvenstream development is located out of
the 100-year floodplain (option 2 below). Howewtormwater control practices must be
designed to safely bypass flows larger than the/eld- storm. For example, emergency
spillways of ponds must be able to safely bypagss1iB0-year 24-hour storm in order to
protect the structural integrity of the dams arsgn$. In many cases, the conveyance system
leading to a stormwater structure is designed basethe discharge rate for the 10-year
storm. In these situations, the conveyance systeaysbe the limiting hydrologic control.

2. The 100-year floodplain is reserved from develept. Where this is done, control of the
100-year storm may still be required by the planene authority if:

a. Buildings or development are located within thenudtte 100-year floodplain; or
b. The review authority does not completely contre 190-year floodplain.

The most common condition under which the extretoedf control requirement is waived is
when the community has a buffer or floodplain oagice that effectively excludes development
from the 100-year floodplain. However, to obtdiistexemption, designers may also need to
demonstrate that no downstream structures exisimihe 100-year floodplain and that bridges
and other infrastructure can safely pass the stmimg an acceptable downstream analysis. This
approach accomplishes the goal of extreme floodrabhy protecting the ultimate downstream
100-year floodplain rather than providing expensipstream storage.

Hydraulic/hydrologic investigations may be requirdd demonstrate that downstream
infrastructure is adequately protected from the-3€@r storm. These investigations typically
extend to the first downstream tributary of equageater drainage area or to any downstream
dam, highway, or natural point of restricted streftow.
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To determine whether extreme flood protection caatapply:

(1) Consult with the appropriate review authority taedmine the analyses required for the 100-
year storm.

(2) The same hydrologic and hydraulic methods usedverbank flood control must be used to
analyze the 100-year storm.

(3) In addition, off-site areas should be modeled dsinmiate condition” when the 100-year
design storm event is analyzed.

10.2 MORE STRINGENT CRITERIA

Local programs are authorized under the Virginiari@tvater Management Act to require more
stringent technical criteria than the state minimeniteria found in the regulations (4 VAC 50-
60-63 and 65 et seq.). The more stringent critenist be based on a watershed plan or study
which justifies the criteria, and must be passed local ordinance through the local ordinance
adoption process. The scope of an acceptable shagmplan or study is somewhat subjective
and, at a minimum, must stand up to the scrutinppeflocal adoption process.
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Appendix 10-A
Optional Recharge Volume Approach

10-A.0 INTRODUCTION

The most widely applied recharge and/or volume c¢&dn sizing criterion is the recharge
volume approach. The objective of the criterigoignimic the average annual recharge rate for
the prevailing hydrologic soil group(s) presentaatlevelopment site. Therefore, the recharge
volume is calculated as a function of annual prestiggment recharge for a given soil group,
average annual rainfall volume, and the amountnrgdervious cover at a site. The recharge
volume is considered to be part of the total watality volume provided at a development site
and, therefore, does not require additional storr@eiBMPs when water quality treatment is also
required (see below) Additionally, recharge can be achieved by a eawnd BMP types,
including infiltration, bioretention, filtrationmpervious disconnection, open space preservation,
or some combination of these. Note, however, tti@infiltration of polluted stormwater runoff
is not always desirable or even possible at sonaeldement sites. Therefore, most communities
qualify their recharge and/or infiltration requirents to reflect special site conditions, protect
groundwater quality, and avoid common nuisanceessu For example, the local review
authority may require:

The pretreatment of stormwater runoff prior to lindition in some land use categories or
pollution source areas (e.g. parking lots, roadyays

That recharge be restricted or prohibited at speaifdustrial, commercial and transport-
related operations designated as potential storenhatspots.

That recharge be prohibited or otherwise restrigtégtin the vicinity of wellhead protection
areas, individual wells, structures, basins.

That recharge be restricted or prohibited withirtaiea geological zones, such as active karst,
and in areas adjacent to unstable or fill slopes.

That recharge requirements may be reduced or wédredinor redevelopment projects.

10-A.1 HORSELY METHOD FOR DETERMINING RECHARGE VOLU MES

One suggested approach to determining rechargeneslis based on work done by Horsley
(1996) and is currently implemented in states sagtiMaryland, Massachusetts, and Vermont.
The design approach involves determining the aweragnual recharge rate based on the
prevailing hydrologic soil group (HSG) present ke tsite from the USDA-Natural Resource
Conservation Service (NRCS) Soil Surveys.

HSG is an NRCS designation given to different dgpes to reflect their relative surface
permeability and infiltrative capability. Group Aoits have low runoff potential and high
infiltration rates, even when thoroughly wetted.eyhconsist chiefly of deep, well-drained to
excessively-drained sands or gravels with higHtrafion rates greater than 0.3 in/hr. Group A
soils include sand, loamy sand, or sandy loam. u@®® soils have moderate infiltration rates
(0.15 - 0.30 in/hr) and consist chiefly of soilsthvfine to coarse textures, such as silt loam or
loam. Group C soils have low infiltration ratesO® - 0.15 in/hr) and fine textures. They
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typically have a dense layer near the surface ithpedes the downward movement of water.
Group C soils include sandy clay loam. Group Dssleave high runoff potential with very low
infiltration rates (0.0 - 0.05 in/hr). These saitsnsist primarily of clay soils with high swelling
potential, soils with permanently high water tabkssils with a claypan or clay layer at or near
the surface, and shallow soils over nearly imparsiparent material. D soils include clay loam,
silty clay loam, sandy clay, silty clay, or clayR-55 1986).

Horsley recommended the following pre-developmenharge volumes to be assigned based on
NRCS soil types for humid climates receiving appmately 44 inches of annual average
precipitation.

Hydrologic Soil Group Annual Recharge
A — 18 incheslyear
B — 12 inches/year
C — 6 inches/year
D — 3inchesl/year

Average annual rainfall varies in Virginia from appimately 34 inches per year in Rockingham
and Shenandoah Counties to 48 inches in the Hanfpoawls region. The State Climatology
Office at the University of Virginia has determinéidit Virginia’s overall average annual rainfall
amount is 42.7 inches, based on rainfall recordsnfrl895-1998. Therefore, the Horsley
recommendation is appropriate for application ingifiia.

The objective of the criterion is to mimic the aage annual recharge rate for the prevailing
hydrologic soil group(s) present at the developns#tet Therefore, the recharge volume can be
determined as a function of annual pre-developmeciiarge for a given soil group, average
annual rainfall volume, and amount of imperviouvaroat a site. Being a function of site
impervious cover, the criterion provides incentige planners and developers to reduce site
imperviousness. Based on this approach, Marylanad, aosest state neighbor using this
approach (based on an average annual rainfall the#2 inches) developed the following
recharge criteria:

Equation 10-A.1. Site Recharge Volume Requirement
(the percent volume method)

Re = [(S)(R)(A)] / 12
OR

Equation 10-A.2. Modified Site Recharge Volume Régment
(the percent area method)

Re = (S)(A)
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Where
Ry = 0.05 + 0.009 (1), where 1 is the percent oparvious cover
A = the site area, in acres
Ai = the measured impervious cover
S = the soil-specific recharge factors, afed:

HSG-A — 0.38 inches x impervious area
HSG-B — 0.26 inches x impervious area
HSG-C - 0.13 inches x impervious area
HSG-D - 0.07 inches x impervious area

The relationship between the Rand site imperviousness is shown in graphical forfigure
10-A.1L The practical implication is that a fairly motdeslume of infiltration is needed to
maintain recharge rates for B, C and D soils, af/gre site is highly impervious.

The recharge volume is considered to be part otdte Treatment Volume (J that must be
provided at a site and can be achieved by varitarsnsvater BMPs, either individually or in
combination.

Figure 10-A.1. Relationship betwedReg, and Site Impervious Cover

Drainage areas having no impervious cover and ngpgsed land disturbance during
development may be excluded from the Ba&lculations. Designers are encouraged to ude suc
areas as natural conservation areas and, potgntialtreforest them if they do not have forest
cover.
10-A.1.1 Basis for Determining the Recharge Volume

If more than one HSG is present at a site, a coitgssil-specific recharge factor should be

computed based on the proportion of total site angain each HSG. The recharge volume
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provided at the site should be directed towardntiost permeable HSG available or toward
an infiltration-type BMP, preferably incorporatiagnended soil or filtration media.

The “percent volume” method is typically used taedmine the Rgrequirement when
structural practices are used to provide rechafpese practices must be able to provide
seepage into the ground and may include infiltratend exfiltration structures (e.qg.,
infiltration, bioretention, dry swales or sand di6 with storage below the underdrain).
Structures that require impermeable liners, inf@rcgroundwater, or are designed for
trapping sediment (e.g., forebays) should not kexl uer this purpose. In this method, the
volume of runoff directed to the structural praeicshould meet or exceed the computed
recharge volume.

The “percent area” method is typically used to deiee the Re requirement when non-
structural practices are used. Under this methoel,récharge requirement is evaluated by
mapping the percent of impervious area that iscéffely served by an acceptable non-
structural practice and comparing it to the minimegoharge requirement. Acceptable non-
structural practices include filter strips thatatreéooftop or parking lot runoff, sheet flow
discharge to stream buffers, and grass channdlsréaé roadway runoff.

The recharge volume criteria should not apply ty aortion of a site designated a
stormwater hotspot nor any project considered @swelopment. In addition, the appropriate
local review authority may alter or eliminate thexziarge volume requirement if the site is
situated on unsuitable soils (e.g., marine claya)st or in an urban redevelopment area. In
this situation, non-structural practices (percertianethod) should be implemented and any

remaining or untreated Rehould be included in the treatment volumeg) (T

If Re, is treated by structural or non-structural pragiceparate and upstream of the T
treatment, the Jshould be adjusted accordingly.

NOTE: The Reg and the 7 are inclusive. Therefore, if a local governmenesl choose to

establish separate Groundwater Recharge crittigaRE may be subtracted from the When
sizing the water quality BMP.
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Appendix 10-B
Better Protection from Stream Channel Erosion

Studies now show that, depending on the settinyiralachannels are shaped by rainfall events
ranging from the 0.9-year storm to the 1.8-yeaquency storm event. In suburban and rural
settings, the channel forming storm is more likelyoe near the high end of this range (1.5-year
to 1.8-year storm). This storm frequency allows thannel to maintain a state of equilibrium

with regard to natural sediment load transport aatliral vegetation, which helps to stabilize

channel banks.

Note, however, that a peak discharge rollback requént does not address the increase in the
frequencyof that peak runoff rate. Urbanization usuallyreases the amount of impervious
cover, resulting in less infiltration, less initidbstraction and less depression storage.
Consequently, it takes less rainfall to produce damevolumeof runoff. Therefore, thpeak
rate of runoffthat normally occurs with a 2-year frequency stdrefore development, may
occur several times a year following development.

To compound the problem, a detention basin stdmnesiricreasedsolume of runoff from a
developed area and releases it at the pre-devetgprage. Theduration of this discharge is
much longer than the pre-development conditionpkegthe soils of the bank saturated for a
longer time. The peak rate and velocity may beratdevelopment levels, but by receiving the
pre-development rate for a longduration, coupled with the increase ifnequency a stable
earth-lined channel can quickly degrade. Andairt,fthis is what has been happening to stream
channels receiving runoff from most developmergssit

The increased frequency of a specific dischargebeaitiustrated by considering an undeveloped
watershed which, during a two-year frequency st(8r8 inches of rain in Virginia), generates a
theoretical peak rate of runoff of 15 cubic feet pecond (cfs), and a corresponding volume of
runoff of 0.52 watershed inches. We will assumed this two-year frequency flow represents
the channel forming, bankfull discharge. After ti@ershed has experienced development (32%
imperviousness) along with the associated improdednage conveyance systems, the same
watershed requires only 1.6 inches of rainfalléoeyate that same theoretical bankfull discharge
of 15 cfs. This means that the channel will nowezignce bankfull flows at an approximate
increasedrequencyof every three to six months rather than onceyetwo years. In addition,
for the 2-year storm, theolumeof runoff has increased to 1.15 watershed inchesge than
double the pre-development runoff volume, which nsea significant increase in thderation of

the peak flow can be expected. Under this scen#m® receiving stream will experience a
significant increase in erosive flows.

Designs that effectively prevent stream channedieroevolve from the study of stream channel
geomorphology. Several studies have indicatedttizalevel of erosion (or bed-material load) is
a function of the difference between the flow vépand thecritical velocity.(McCuen, 1987).
The critical velocity is a function of the type il of which the channel bed is composed. The
studies indicate that the amount of bed sedimenteshas a function of the duration of time
during which the velocity is greater than the cativelocity. According to McCuen, this
explains from a conceptual standpoint why the domatf flow is just as important as the rate of
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flow. Further, it may explain why detention basmay actually increase the erosion compared to
providing no control of the post-developed flow&’hen no control is provided, the flow tends to
exceed the channel capacity and extend out intdfltieglplain; thus the velocity within the
channel banks may not increase significantly eveugh the peak flow rate does increase
significantly.

This should not be interpreted as justification har control of stormwater runoff. Rather, it
highlights the need for design criteria that regiicthe pre-development sediment load transport
characteristics of the channel. Several methodedolgave been recommended, some of which
are very subjective as they are based upon thityatilthe designer to analyze and interpret the
stream sediment and shear stress characterisiibss could easily become an expensive and
cumbersome methodology, especially in localitiesat ttdo not experience significant
development pressure. The review and approval psoceuld become bogged down in the
analysis of field data and trying to verify the ohal characteristics, especially when the
requirements of the field work may be different éwery project.
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