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VA Stormwater Management Regulations

Timeline

2010
e Spring 2010: HB 1220 and SB 395 delay regulations until 280 days after
approval of the TMDL but no later than December 1, 2011.

2011
* May 24: Board adopted final regulations
e June 20 — August 2: Administration review
e August 10: Deadline for submittal of regulatory materials to registrar for
publication
e August 29: Publication in Virginia Registrar, start of final adoption period
* September 12: Final adoption period closes
e September 13: Statutory effective date target

2014
e July 1: Implementation date
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VA Stormwater Management Regulations
Major Elements

Grandfathering (4VAC50-60-48)

e Stormwater Pollution Prevention Plan Requirements (Effluent Limit
Guidelines; 4VAC50-60-54.F)

e Quality (4VAC50-60-63)
e Quantity (4VAC50-60-66)

e Offsite Compliance Options (4VAC50-60-69)

Note: Information contained in this presentation represents the version of the
Stormwater Regulations that became effective on September 13, 2011 (available
at http://www.dcr.virginia.gov/documents/swmfinregspublishedvareg.pdf).
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Grandfathering

Development site in Gainesville, Virginia in April, 2011 )
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Grandfathering

Overview

e After July 1, 2009, sites with VSMP permit shall be covered under existing

permit criteria for additional 2 permits (after June 30, 2014 expiration;
4VAC50-60-47.1)

e Until June 30, 2019, land disturbing activity (with conditions below)

approved by locality by July 1, 2012 and no VSMP permit by July 1, 2014
(4VAC50-60-48.A)

e Conditions: Proffered or conditional zoning plan, preliminary or final

subdivision plat, preliminary or final site plan, or zoning with a plan of
development

e Grandfathered until June 30, 2019 (4VAC50-60-48.C)

* Project with issued governmental bonding or public debt financing by July 1,
2012 (4VAC50-60-48.B)

e Grandfathered until June 30, 2019 (4VAC50-60-48.C)
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SW Pollution Prevention Plan Regs.

ek 3 & -

Stream in Arlington, Virginia, on 6/27/10
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SW Pollution Prevention Plan Regs.

Verbatim from the Regulations

NTU requirements (were 280 NTUs) removed due to lawsuit, but
EPA still required DCR to add the following (verbatim):

4VAC50-60-54. Stormwater pollution prevention plan

requirements.
100 NTUs
F. The stormwater pollution prevention plan must address the following
requirements, to the extent otherwise required by state law or
regulations and any applicable requirements of a VSMP permit:

1. Control stormwater volume and velocity within the site to
minimize soil erosion;

2. Control stormwater discharges, including both peak flow rates and
total stormwater volume, to minimize erosion at outlets and to
minimize downstream channel and stream bank erosion;

1000 NTUs

/ L WA 70| i
Y/ /// W14, //%,/ ////} sl

——

S‘l-'dies and Solutions: Lo



SW Pollution Prevention Plan Reqs.— cont.

Verbatim from the Regulations

4VAC50-60-54. Stormwater pollution prevention plan requirements.
3. Minimize the amount of soil exposed during construction activity;
4. Minimize the disturbance of steep slopes;

5. Minimize sediment discharges from the site.
design, installation and maintenance of erosion
and sediment controls must address factors such
as the amount, frequency, intensity and duration
of precipitation, the nature of resulting
stormwater runoff, and soil characteristics,
including the range of soil particle sizes expected
to be present on the site;

E&S Inspection

6. Provide and maintain natural buffers around surface waters, direct stormwater to
vegetated areas to increase sediment removal and maximize stormwater infiltration,
unless infeasible;
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SW Pollution Prevention Plan Regs.

What does this mean?

4VAC50-60-54. Stormwater pollution prevention plan requirements.

7. Minimize soil compaction and,
unless infeasible, preserve topsoil; and

8. Stabilization of disturbed areas must,
at a minimum, be initiated immediately
whenever any clearing, grading,
excavating, or other earth disturbing
activities have permanently ceased on
any portion of the site, or temporarily
ceased on any portion of the site and
will not resume for a period exceeding
14 calendar days.

This may be a problem because E & S plans
and regulations don’t appear to meet all of
the requirements (although this is debatable).
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| Water Quality
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Algae blooms near Norfolk Yacht Club on 8/8/09 _
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Water Quality

4VAC50-60-63 Overview

Water Quality
Requirements

New
Redevelopment
Development

TP load cannot
exceed 0.41
Ibs./acre-year

With No Net
Increase in
Impervious Cover

With a Net Increase
in Impervious Cover

Section A.1.

Disturbing Disturbing Linear

21 acre <1 acre Projects

Reduce TP
at least 20%
below
predevelopment
TP load

Section A.2.a.

Reduce TP
at least 10%
below
predevelopment
TP load

Section A.2.b.

Reduce TP load
20% below

predevelopment
LA L

Section A.2.d.

For new
impervious
area on
site

TP load
cannot
exceed
0.41
Ibs./acre-
year

Section
A.2.c.

All Other

Projects

For existing
impervious
area on site

If disturbing 2 1
acre, reduce TP acre, reduce TP
at least 20% at least 10%
below below
predevelopment predevelopment
TP load LALED

Section A.2.c. Section A.2.c.

If disturbing < 1




4VAC50-60-63.A.1

Comparing the new 0.411b/ac/yr to the old 0.45 1b/ac/yr

The loading rates are not comparable; therefore, the requirements are not comparable either!
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Development Type

TP Load vs. Development Type
Under the VSMH and VRRM Methods

VRRM: Sites in B, C, and D soils can not
/ meet the requirement without BMPs

at 4% imperviousness without BMPs

/ VRRM: Sites in A soils meet the requirement

TP Removal Requirement

0.5 4

/ 0.45 Ib/ac/yr

VSMH: Sites with 16% imperviousness \ 0.41 Ib/ac/yr
met the requirement without BMPs
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4VAC50-60-63.A.1

Comparing the new 0.411b/ac/yr to the old 0.45 1b/ac/yr

Why the difference in loading-rate calculations?
VSMH: Under the VSMH, TP loads were calculated using the Simple Method.

The old regulations required a loading rate of 0.45 Ib/ac/yr based on a calculation of average land cover
(excluding urban) and loading rates, as follows:
Fia = relative total phosphorus load for Virginia’s Chesapeake Bay Watershed
= (%forest x Fry o) + (%pasture x F g ,.o) + (%conservation till x F ., ) + (%conventional till x F
=(0.66 x 0.12) + (0.21 x 0.59) + (0.07 x 1.52) + (0.06 x 2.42)
=0.45 Ib/ac/yr
(See the Chesapeake Bay Local Assistance Department’s Local Assistance Manual, November 1989.)

conv. tiII)

VRRM: The VRRM calculates loading rates based on a modified Simple Method which accounts for soil types
as well as for TP loads from forested land and turf.

The new regulations require a loading rate of 0.41 Ib/ac/yr based on the discussion on the following slides.
(See slides 14-17.)
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4VAC50-60-63.A.1
Why 0.411b/ac/yt?

How should the allowable loading rate be calculated state-wide?

* The subcommittee recommended 0.36 Ib/ac/yr TP based on a Modified VRRM
calculation (to account for forest):

e Assumes 7.5% impervious cover?, 30% turf, and 62.5% VA-average forest cover
* Assumes 1.15% HSG A, 61.28% HSG B, 28.60% HSG C, and 8.97% HSG D2

e Other Options:
e 10% impervious cover, 30% turf, 60% forest = 0.41 Ib/ac/yr
e 5% impervious cover, 30% turf, 65% forest = 0.30 Ib/ac/yr

Sensitive  Impacted Non-Supporting
S ~J W Schueler, T., Fraley-McNeal, L., and Cappiella, K.
\: .'%‘- “Is Impervious Cover Still Important? Review of
Excellent T N\ ! : Recent Research.” Journal of Hydrologic
. AN \l Engineering, April, 2009.
AN
g Good T \ ! 2l Wweighted average soil cover was derived from
¢] \. + STATSGO state-wide soils database soils breakdown
£ _ % :% + for Virginia outside of the Chesapeake Bay
© Fair + : Watershed. STATSGO breakdown: 210 mi2 HSG A; O
o \ +\. + 4 * mi2 HSG A/D; 11,207 mi2 HSG B; O mi? HSG B/D;
a :%_,_ : + 5,231 mi2 HSG C; 373 mi%2 HSG C/D; 1,153 mi? HSG D;
Poor 1 \E '\E n 115 mi2 Unrated. C/D and unrated soils were
\. \l assigned to HSG D.
I ! I |
:'\: '\\' t t t
5% 10% 20% 25% 40% 60% 80% 100%
Watershed Impervious Cover 14




4VAC50-60-63.A.1

Why 0.411b/ac/yr? (cont.)

Jantz, P., Goetz, S., and Jantz, C. 2005. Urbanization and the Loss of Resource
Lands in the Chesapeake Bay Watershed. Journal of Environmental Management.

36 (6): 808-825.

Page 823 —

In our most conservative estimate, we calculate that
at least 388 km? of forest lands, 1,016 km” of agricul-
tural lands, and 2 km® of wetlands, have been lost to
commercial and residential development within the
CBW since 1990. As much as 826 km* of forests, 1,543
km” of agricultural lands, and 60 km* of wetlands have
been converted, although we emphasize the more
moderate results derived from the land cover agree-
ment map indicating losses of 504 km? for forests,
1,266 km” for agricultural lands, and 2 km” for wet-
lands. However, we would expect functional losses,

Chesapeake Bay Watershed:

L/

Conservative Estimate

388 + 1,016 + 2 = 1,406 km?2 converted

390/ 1,406 = 28% converted from forest (with wetlands)
1,106 / 1,406 = 72% converted from agriculture

Unconservative Estimate

826 + 60 + 1,543 = 2,429 km? converted

886 / 2,429 = 36% converted from forest (with wetlands)
1,543 / 2,429 = 64% converted from agriculture

Moderate Estimate

504 + 1,266 + 2 = 1,772 km?2 converted
506 /1,722 = 29% converted from forest (with wetlands)
1,266 / 1,722 = 71% converted from agriculture
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4VAC50-60-63.A.1
Why 0.411b/ac/yr? (cont.)

Based on historic development trends per Jantz et. al, TP = 0.51 to 0.56 Ib/ac/yr
to achieve no-net-increase above the allowable average 2025 nutrient loads from
previous land uses per the November 2010 WIP.

TP Load Based on Varying Percentages of Previous Land Uses Converted to Development

Forest TP Load Agriculture TP Total TP Load
Source? % Forest (Ib/ac/yr)? % Agriculture | Load (Ib/ac/yr)? (Ib/ac/yr)?
Conservative Estimate 28% 72% 0.56
Unconservative Estimate 36% 0.11 64% 0.74 0.51
Moderate Estimate 29% 71% 0.56

1. Historic development trends were derived from: Jantz, P., Goetz, S., and Jantz, C. 2005. Urbanization and the Loss of Resource Lands in the
Chesapeake Bay Watershed. Journal of Environmental Management. 36 (6): 823.

2. Calculated as the draft WIP 2025 forest and agricultural allocations divided by 2010 sector acreages (which were transmitted

to WSSI via e-mail from Russ Perkinson on 8/12/2010).

(For forest: 1,072,000 Ib/yr / 9,776,274 ac = 0.11 Ib/ac/yr. For agriculture: 2,097,000 |b/yr / 2,836,970 ac = 0.74 lb/ac/yr)
| 3. Total TP Load is calculated as the sum of (% Forest x Forested TP Load + % Agriculture x Agriculture TP Load)




4VAC50-60-63.A.1

Why 0.411b/ac/yr? (cont.)

November 2010 Final Phase | Virginia WIP:

“The Tier 1 load-balancing approach uses the allocation loads for forest, cropland,
pasture, and hay land uses in the Chesapeake Bay Program’s Phase 5.3 Watershed Model
to calculate the average pollutant loads from a generic pre-development acre based on
the mix of projected land to be developed for Virginia’s Chesapeake Bay watershed.”

(Final WIP, pg. 86)

State-wide Requirement Based on Percentage of

Current
Compromise

Chesapeake Bay Requirement Based on
“No Increase” from previous land uses

Impervious Cover and STATSGO average soil cover
5% impervious, 65% forest, 30% turf 0.30
7.5% impervious, 62.5% forest, 30% turf 0.36
10% impervious, 60% forest, 30% turf 0.41

0.41

0.51 36% forest, 64% agriculture
0.56 28% forest, 72% agriculture
0.56 29% forest, 71% agriculture
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4VAC50-60-63.A.2

Why 10% and 20% Reductions for Redevelopment?

The Chesapeake Bay Preservation Act previously required a TP load reduction of 10%
for redeveloped sites.

The new regulations sought to improve over current conditions without discouraging

redevelopment; therefore, the SAG agreed on a 20% TP load reduction requirement
for redeveloped sites.

However, a 20% TP load reduction is difficult for small sites, so the previous 10% TP
load reduction requirement was maintained for sites <1 ac.
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Water Quality - cont.

What does this mean for new development?

This means more BMPs and more infiltration (where possible).

For example in Fairfax County, consider:
A downtown commercial site on C soils (80% impervious and 20% turf)

Under the old regulations, the site produces: 1.76 Ib/ac/yr TP
Under the old regulations, the load must be reduced by 40% to: 1.06 Ib/ac/yr TP

This currently can be done with extended detention ponds.

E
I ) _ Extended det?ntlon pond
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Water Quality - cont.

What does this mean for new development?

Same site:

A downtown commercial site on C soils (80% impervious and 20% turf)

Under the new regulations, the site produces: 1.83 Ib/ac/yr TP
Under the new regulations, the load must be reduced by 78% to: 0.41 Ib/ac/yr TP

e This cannot be accomplished with extended detention alone; requires additional BMPs (rain
gardens, cisterns, permeable pavements, infiltration, wetlands, etc.) or trading.

The debate on trading is ongoing:

* Who sets the price of credits- the
market or the government?

e How much can be traded? What
percentage must be achieved on-site?

* How will acceptable service areas be
determined?

Pervious pavers

Cistern 20
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Quantity Control

Snakeden Branch in Reston, Virginia, prior to restoration
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Quantity Control

4VAC50-60-66 Overview

4VAC50-60-66 requires the energy balance method on the 1-year storm event.

e Executive Order 13508 requires developers to match pre-development
hydrology. The energy balance method provides a practical solution for sites
that can not meet pre-development hydrology.

4VAC50-60-66 defines requirements for three outfall conditions:
* Manmande conveyance systems;

* Restored conveyance systems; and

e Natural conveyance systems.
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Energy Balance
The theory behind 4VAC50-60-66.B

e Stable streams in this region and climatic epoch formed \
in forested watersheds and achieve stability by overbank ’5?:.-
flooding in the 1-1.5 year event.
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* To prevent degradation, need to match peak flow, ST o atba R e
volume, and timing of such conditions.

e Traditional SW management controls peak flow, but increases volume, which increases stream
power (and power degrades streams).

e Goal of the energy balance method:
* Keeps pre-development power same by reducing peak flow rate if volume increases;
* Provides a quantifiable incentive to match pre-development volume to the MEP; and
* Mass Balance Equation: Q*Rv ., = Q*RV(; .,

e Economic considerations of proposed version use pre-development conditions instead of forest
(unlike state law and Fairfax County PFM), coupled with improvement factor, I.F. (The I.F. is
required because state law requires an improvement on existing conditions.)

e |.F. of 0.8 yields same ballpark SW sizing as forest conditions

Fi
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Energy Balance

The theory behind 4VAC50-60-66.B

Assume: RV = 2*RV,

post —

Discharge

Post-urbanization

(no SWM; 2 x Pre-urban Volume)

Pre-urbanization

Post-urbanization
(Conventional SWM;
2 x Pre-urban Volume)

Time

Urbanization Peak

Pre-urbanization
Peak

% Pre-urbanization
Peak
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Energy Balance
The theory behind 4VAC50-60-66.B

Energy Balance Method:

Allowable 1-yr, 24-hr peak flow rate: Restored conveyance system

O~developed < l.F. x O~pre—deve|oped X RVpre—developed / RVdeveloped
Queveloped Shall not be required to be less than [Qgyresied X RVforested] / RVaeveloped

O~developed must be < O~pre—deve|oped

Where:
e Q = Peak flow rate of runoff
* RV =Volume of runoff
e Improvement Factor (I.F.) = 0.8 for sites > 1 ac
0.9 for sites< 1 ac
* Pre-developed = conditions prior to development,
not pre-colonial conditions

Natural conveyance system
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Quantity Control
4VAC50-60-66.B.1

Outfall condition 1: Manmade conveyance systems

1. Convey the 2-year, 24-hour storm (after SWM) without erosion, OR

2. Allowable 1-yr, 24-hr peak flow rate for all conditions:

Qdeveloped < IF X Qpre-developed X RVpre-developed / RVdeveloped
* | Qgeveloped Shall not be required to be less than [Qq, ested X RVioresteal / RVgeveloped

¢ Qdeveloped must be < Qpre-developed

Where:
e Q= Peak flow rate of runoff
e RV = Volume of runoff
* |Improvement Factor (IF) = 0.8 for sites > 1 ac
0.9 for sites< 1 ac
* Pre-developed = conditions prior to development,
not pre-colonial conditions

! - '
y.2 I | § Vi Kow . {4 Manmade conveyance system
} f;\" & f,{'} / /}:, / 7
— e -~ -
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Quantity Control - cont.
4VAC50-60-66.B.2

Outfall condition 2: Restored conveyance systems

1. Discharge was considered in the design of the restored system, OR

2. Allowable 1-yr, 24-hr peak flow rate for all conditions:

Qdeveloped < IF X Qpre-developed X RVpre-developed / RVdeveloped
* | Qgeveloped Shall not be required to be less than [Qq, ested X RVioresteal / RVgeveloped

¢ Qdeveloped must be < Qpre-developed

Where:
e Q = Peak flow rate of runoff
e RV =Volume of runoff T detibg S ,
« Improvement Factor (IF) = 0.8 for sites > 1 ac |
0.9 for sites < 1 ac L e
* Pre-developed = conditions prior to
development, not pre-colonial conditions

i T

Restored conveyance system

. |
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Quantity Control - cont.
4VAC50-60-66.B.3

Outfall condition 3: Natural conveyance systems

Allowable 1-yr, 24-hr peak flow rate for all conditions:

Qdeveloped < IF X Qpre-developed X RVpre-developed / RVdeveloped
* | Qeveloped Shall not be required to be less than [Qq,ested X RVioresteal / RVgeveloped

* Qdeveloped must be S Qpre-developed

Where:
e Q= Peak flow rate of runoff
* RV =Volume of runoff
e Improvement Factor (IF) = 0.8 for sites > 1 ac
0.9 for sites< 1 ac
* Pre-developed = conditions prior to
development, not pre-colonial conditions

Ly -
2_%..{ (AL 1 1 (/7 Natural conveyance system
;},.‘/ f 4 { ¥ U Ay /7 P |
/> (L
e - —_—
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Quantity Control - cont.
Limits of Analysis (4VAC50-60-66.B.4)

Stormwater conveyance systems shall be analyzed for channel protection to a point
where either one of the following is satisfied:

1. Based on area
Prior to any land disturbance, the site’s contributing drainage area to site
discharge point is £ 1.0% of total watershed area draining to that point of

discharge, or

2. Based on peak flow rate
Based on peak flow rate, the site's peak flow rate from the one-year 24-hour
storm 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
guantity control measures.

29



Flood Protection
4VAC50-60-66.C

For stormwater conveyance systems* that currently do not experience localized flooding during the 10-

year, 24-hour storm event:

* Confine the post-development peak flow rate from the 10-year, 24-hour storm event within the
stormwater conveyance system.

For stormwater conveyance systems* that currently do experience localized flooding during the 10-year,

24-hour storm event:

* Confine the post-development peak flow rate from the 10-year, 24-hour storm event within the
stormwater conveyance system; or

* Release a post-development peak flow rate for the 10-year, 24-hour storm event that is less than the
pre-development peak flow rate from the 10-year, 24-hour storm event.

* See next slide
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Flood Protection
4VAC50-60-66.C

* 4\VAC50-60-10. Definitions:

"Stormwater conveyance system“ means a combination of drainage components that are used to convey stormwater
discharge, either within or downstream of the land-disturbing activity. This includes:

1. "Manmade stormwater conveyance system" means a pipe, ditch, vegetated swale, or other stormwater conveyance
system constructed by man except for restored stormwater conveyance systems;

2. "Natural stormwater conveyance system" means the main channel of a natural stream and the flood-prone area
adjacent to the main channel; or

3. "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.

"Flood-prone area" means the component of a natural or restored stormwater conveyance system that is outside the main
channel. Flood-prone areas may include, but are not limited to, the floodplain, the floodway, the flood fringe, wetlands,
riparian buffers or other areas adjacent to the main channel.

"Floodplain” means the area adjacent to a channel, river, stream, or other water body that is susceptible to being
inundated by water associated with the 100-year flood or storm event. This includes, but is not limited to, the floodplain
designated by the Federal Emergency Management Agency.

"Floodway" means the channel of a river or other watercourse and the adjacent land areas, usually associated with flowing
water, that must be reserved in order to discharge the 100-year flood or storm event without cumulatively increasing the
water surface elevation more than one foot. This includes, but is not limited to, the floodway designated by the Federal
Emergency Management Agency.

"Flood fringe" means the portion of the floodplain outside the floodway that is usually covered with water from the 100-
year flood or storm event. This includes, but is not limited to, the flood or floodway fringe designated by the Federal
Emergency Management Agency.
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Quantity Control

Summary

* Requires the Energy Balance of the 1-year, 24-hour storm with I.F. and no increase in 10- year
peak flows, rather than conventional 2- and 10-year peak flow analysis;

* No longer requires Adequate Outfall (MS-19)
* 4VAC50-60-66.A: “Compliance with the minimum standards set out in this section shall
be deemed to satisfy the requirements of 4VAC50-30-40.19”

e Pond footprints will typically be similar (£15%) because the 10-year Flood Protection governs
the overall size (which matches most current requirements);

* The size of the 2-year orifice will be reduced to meet 1-year Energy Balance requirement; and

* The 1-year detention volume will usually be greater than the current 2-year volume
requirement.

Will result in the more effective use of SWM facilities to protect streams and reduce
erosion/sediment at minimal cost.

= Wedand) ™
e 32

Stid: % o
tudjes and Solutions: \



1 s - . “o
- » - e = !!\h AT
i 1:“";f1'é-hf‘“p P v W _i\‘\gh::f“&?ﬁr —

-




Offsite Compliance

Overview

e Off-site compliance options include:
* Adopted comprehensive watershed SW management plan in local watershed of project
* Locality pollutant loading pro rata share program
* Nonpoint nutrient offset program established by VA Code
* Other options approved by applicable state agency or board
* Other properties within same or upstream HUC can be used to meet project TP reductions

Offsite compliance options must meet only one of the following:
* At least 75% of required phosphorus nutrient reductions are achieved on-site;
e < 5 acres of land will be disturbed; or
* Post construction phosphorus control requirement is < 10 pounds per year.

Local SW management programs may develop comprehensive SW management plans to be
approved by the department

Senate Bill 1099 (2011 Session) addresses SW nonpoint nutrient offsets and establishes priorities
to be used by permit issuing authorities

HB176/SB77 (2012 Session) modlfy requirements.
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The Virginia Stormwater BMP Clearinghouse




Virginia Stormwater BMP Clearinghouse

4VAC50-60-65.B

Administered by DCR and the Virginia Water Resources Research Center at Virginia Tech,
and overseen by a stakeholders’ committee

Purpose:

* To disseminate design standards and specifications for all stormwater BMPs approved for
use in Virginia;

* To disseminate the evaluation and performance certification of proprietary BMPs
approved for use in Virginia; and

e To provide information and links to related websites.

4VAC50-60-65.B: “The BMPs listed in this subsection are approved for use as necessary to
effectively reduce the phosphorus load and runoff volume in accordance with the Virginia
Runoff Reduction Method. Other approved BMPs found on the Virginia Stormwater BMP
Clearinghouse Website at http://www.vwrrc.vt.edu/swc may also be utilized. Design
specifications and the pollutant removal efficiencies for all approved BMPs are found on the
Virginia Stormwater BMP Clearinghouse Website at http://www.vwrrc.vt.edu/swc.”
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Virginia Stormwater BMP Clearinghouse
http:/ /vwrrc.vt.edu/swc/StandardsSpecs.html

Website Screenshot

G@- [ itocsvvmmc . edwswe StandardsSipecs hinl EZE e

| Fle Edt View Favoites Iock Heb

i Favaies |55 @ Susedon Sies + £ Wb Slie Galeyy =

(& Virginia Stormwater BMP Clearinghouse - BMP Standar,..

i = ite Virginia
\ i @ imma RESOURCES
o Research Centor

learinghouse
1 Virginis Stormwater

Mansgemant Progrsm

a Department of

ks Virginia Approved Stormwater BMP Standards and
Specifications

The VSMP program invelves seversl types of pemmits issusd to municips| separste storm
s=wer systems (11S42) =nd thase developing land In Virginia. In particular, the individusl
and genersl parmits issusd for managemant of stormwater Sischarges from MS4s invelve
the imglementstion of sevaral programs simed st reducing the amcunt of pollutants
discharged from storm sewer systems operated by regulsted govemment entities Most
MS4s have coverage under the General Permit for the Discherge of Stormwater from
Small MS4s. To assist in of BMPs to mest

of the General Permit, EPA hes developed a National Menu of Stormwater Practioes
divided inte six cat=gories of BMPs, =5 listed below. Each of these categories of BMPs is

linked to & separate web page on this site that provides BMP standards and
specifications. or to resources outside of this web site that desaribe in more detsil and
provide useful reference material pertaining o the applicable practices

A - Post - construction BUF's

B - Construction BMP's {Ta be included v

- Public Education and Outreach Click here for

D - Public Involvement / Participation

€ - llicit Discharge Deteotion and Elimination B M P sta n d a rd S

F - Municipal Pollution 1 Good

G - Industrial / commercial activities and facilities

For questions about For questions about the stormwater
stormuater, contact: clearinghouse web site, contact
SWMESquestions@der virginia.gov water@t edu
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Virginia Stormwater BMP Clearinghouse

Runoff Reduction and Nutrient Removal Comparison

Table 1. Comparative Runoff Reduction and Nutrient Removal for Practices

Two design levels:

Level 1

* Typically less strict design requirements;
* Typically lower runoff reduction; and

* Typically lower EMC removal.

Level 2

* Typically stricter design requirements;
* Typically higher runoff reduction; and
* Typically higher EMC removal.

i ™ TP
Practice Design R:dunoff TN EI"JIC3 Mass Load TP EMC Mass Load
uction Removal Ramaval Removal Rémoval "
Rooftop < 25t0 50" 0 25t0 50" 0 25to 50"
Disconnect No Level 2 Design
Sl Bl 1 50 0 50 0 50
to Veg. Filter
g;zﬁnss:;:; 25 | 50t075" 0 50t0 75’ 0 501075’
Grass 1 10t0 20’ 20 | 28to44’ 15 24to 41’
Channels No Level 2 Design
Soil Can be Jsed to Decrease Runoff Coefficient for Turf Cover at Site. See the
Compost design sfecs for Rooftop Disconnection, Sheet Flow to Vegetated Filter or
Amendment J| Conserv@d Open Space, and Grass Channel
Vegetated 1 45 0 45 0 45
Roof 2 60 0 60 0 60
Rainwater 1 Upto 90*° 0 Up to 90™° 0 Upto90o™°
Harvesting No Level 2 Design
Permeable 1 45 25 59 25 59
Pavement 2 75 25 81 25 81
Infiltration 1 50 15 57 25 63
ractices 2 20 15 92 25 93
Bioretention 1 40 40 64 25 55
Practices 2 80 60 20 50 90
Urban 1 40 40 64 25 55
Bioretention No Level 2 Design
Dry 1 40 25 55 20 52
Swales 2 60 35 74 40 76
Wet 1 0 25 25 20 20
Swales 2 0 35 35 40 40
Filtering v 0 30 30 60 60
Practices 2 0 45 45 65 65
Constructed 1 0 25 25 50 50
Wetlands 2 0 55 55 75 75
Wet 1 0 30020° | 30@0° | 505" 50 (45)*
Ponds 2 0 40030 | 40p30° | 75(65° | 75(65°
Ext. Det. 1 0 10 10 15 15
Ponds 2 15 10 24 15 31

T
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Virginia Stormwater BMP Clearinghouse

Specification No. 1: Impervious Surface Disconnection

What is it?
Eliminating direct connections between impervious surfaces and the storm sewer. May be
a simple disconnection or a disconnection to an alternative practice.

Simple disconnection directs runoff to pervious areas, providing volume reduction but no
additional nutrient removal.

Disconnection to alternative BMP may enhance
removal rates. Alternative BMPs include:

e Compost-amended soil;

e Dry well or French drain;

* Rain garden;

e C(Cistern; or

e Stormwater planters

Impervious surface disconnection
Source: DCR Stormwater Design Spec No. 1

st Design Runoff TN EMC T'}'_mss TP EMC TT_S/;SS
Level Reduction Removal Removal Removal Removal
Impervious Surface 1 25 to 50 0 25 to 50 0 25to 50 .
Disconnection No Level 2 Design



Virginia Stormwater BMP Clearinghouse

Specification No. 1: Impervious Surface Disconnection (cont.)

Stormwater Functions Summary

Design Criteria

Table 1.1. Summary of Stormwater Functions Provided by Rooftop Disconnection

1

Table 1.2: Simple Rooftop Disconnection Design Criteria L

DESIGN FACTOR SIMPLE DISCONNECTION

Maximum impervious (Rooftop) Area

Treated 1,000 sq. ft. per disconnection

Longest flow path (roof/gutter) 75 feet
Equal to | t fl th, but | th
Disconnection Length 4(?'.;:&% ongest flow pd o nofess fhan

FUNCTION PROVIDED BY SIMPLE HSG SOILS A and B HSG SOILSCand D
ROOFTOP DISCONNECTION
Annual Runoff Volume Reduction (RR) 50% 26%
Total Phosphorus (TP} EMC Reduction by 0 o
BMP Treatment Process
Total Phosphorus (TP) Mass Load Removal 50% 25%
Total Nitrogen (TN) EMC Reduction by BMP 0 0
Treatment Process
Total Nitrogen (TN) Mass Load Removal 50% 25%

Disconnection slope < 2%, or < 5% with turf reinforcement *

Channel & Flood Protection

Partial: Designers can use the RRM spreadsheet
to adjust curve number for each design storm for
the contributing drainage area (CDA), based on
annual runoff reduction achieved

Extend downspouts 5 ft. 7 (15 ft. in karst
areas) away from building if grade is less
than 1%.

Distance from buildings or foundations

NOTE: Stormwater functions of disconnection can be boosted if an acceptable alternative runoff
reduction practice is employed. Acceptable practices and their associated runoff reduction rates are
listed below. Designers should consult the applicable specification number for design standards.

Type of Pretreatment External (leaf screens, etc)

Alternative Practice Specification No. Runoff Reduction Rate

Soil compost-amended filter path 4 50%

Dry well or french drain #1 (Micro-infiltration #1) 8 50%

Dry well or french drain #2 (Micro-infiltration #2) 8 90%

Rain garden #1, front yard bioretention (Micro- 9 40%
bioretention #1)

Rain garden #2, front yard bioretention (Micro- 9 80%
bioretention #2)

Rainwater harvesting 5] Defined by user
Stormwater Planter (Urban Bioretention) 9 (Appendix A) 40%

" CWP and CSN (2008), CWP (2007)

T For alternative runoff reduction practices, see the applicable specification for design
criteria. See Table 1 in this specification for eligible practices and associated specification
numbers.

. An alternative runoff reduction practice must be used when the disconnection length is
less than 40 feet.

3Turf reinforcement may include EC-2, EC-3, or other appropriate reinforcing materials that
are confirmed by the designer to be non-erosive for the specific characteristics and flow
rates anticipated at each individual application, and acceptable to the plan approving
authority.

* Note that the downspout extension of 5 feet is intended for simple foundations. The use
of a dry well or french drain adjacent to an in-ground basement or finished floor area should
be carefully designed and coordinated with the design of the structure’'s water-proofing
system (foundation drains, etc.), or avoided altogether.
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Virginia Stormwater BMP Clearinghouse
Specification No. 2: Sheet Flow

What is it?

Direct sheet flow to conserved open space (to protect vegetated areas adjacent to streams) or to
vegetated filter strips (to treat small impervious areas or as pretreatment for another practice).

6-18 inches

Gravel diaphragm ] "3 Ponding

(12 by 24 inches) for
pretreatment

Zone
Ponding
Zone
| Runoff ————»
/ Typical sheet flow to open space DCR Stormwater Design Spec No. 2
If
Practice Design Runoff TN EMC T'}'_(')V'a"’(‘jss TP EMC T'T_g"azss
Level Reduction Removal Removal
Removal Removal
Sheet Flow to 1 50 0 50 0 50 - —
Vegetated Filter or Sheet flow to open space a1
Conserved Open Space 2 50to 75 0 50 to 75 0 50to 75 Source: DCR Stormwater Design Spec No. 2




Virginia Stormwater BMP Clearinghouse

Specification No. 2: Sheet Flow (cont.)

Stormwater Functions Summary

Design Criteria

Table 2.1: Summary of Stormwater Functions Provided by Filter Strips 1

Table 2.2. Filter Strip Design Criteria

Conservation Area

Vegetated Filter Strip

Design Issue

Conserved Open Space

Vegetated Filter Strip

Soil and Vegetative

Amended soils and dense turf

. . . HSG Soils Cover Undisturbed soils and native cover or landscaped with
. HSG Soils | HSG Soils | HSG Soils B% cand (Sections 6.1 and vegetation herbaceous cover, shrubs, and
Stormwater Function Aand B Cand D A s B an 6.2) trees
T =
1% * to 4% Slope — Minimum 35
Assume no CA s in No CA 3 With CA 2 0.5% to 3% Slope — Minimum 35 ft ft. width
Conservation Area ° ! Overall Slope and width N 4% to 6% Slope — Minimum 50 ft.
Annual Runoff Vol. Reduction (RR) 75% | 50% 50% 50% ;’\ﬁﬁ:‘h ]flper)lﬁendicu'ar 3'?“;“‘r? 6% Slope — Minimum 50 ft width
0 the flow Wi 6% to 8% Slope — Minimum 65 ft.
Total Pposyhorus (TP) EMC (Section 5) The first 10 ft. of filter must be 2% or | width P
Reduction™ by BMP Treatment 0 less in all cases 2 The first 10 ft. of filter must be 2%
Process or less in all cases
Total Phosphorus (TP) Mass Load 750 50% 509% 50% Sheet Flow Maximum flow length of 150 ft. from adjacent pervious areas;
Removal 2 2 i (Section 5) Maximum flow length of 75 ft. from adjacent impervious areas
Total Nitrogen (TN) EMC Reduction 0 Length of ELS 2 Lip=13lin. ft. per
by BMP Treatment Process each 1 cfs of inflow if area has 90%
3 6 . :
Total Nitrogen (TN) Mass Load Cover . Length of ELS ° Lip = 13 lin.ft. per
Removal gen (TN) 75% 50% 50% 50% %)Soer:t:ﬁ]rgraatg)d Flow Length = 40 lin. ft. per 1 cfs for each 1 cfs of inflow (13 lin.ft. min;

Channel Protection and
Flood Mitigation

Partial. Designers can use the RRM spreadsheet to
adjust curve number for each design storm for the
contributing drainage area; and
designers can account for a lengthened Time-of-
Concentration flow path in computing peak discharge.

forested or re-forested Areas *
(ELS ; length = 13 lin.ft. min; 130
lin.ft. max.)

130 Ini.ft. max.)

Construction Stage
(Section 8)

Located outside the limits of
disturbance and protected by ESC
controls

Prevent soil compaction by heavy
equipment

"CWP and CSN (2008); CWP (2007)
2cA= Compost Amended Soils (see Design Specification No. 4)

- Compost amendments are generally not applicable for undisturbed A soils, although it may be
advisable to incorporate them on mass-graded A or B soils and/or filter strips on B soils, in order

to maintain runoff reduction rates.

s The plan approving authority may waive the requirement for compost amended soils for filter

strips on B soils under certain conditions (see Section 6.2 below)

> There is insufficient monitoring data to assign a nutrient removal rate for filter strips at this time.

Typical Applications

Adjacent to stream or wetland buffer

Treat small areas of IC (e.g.,
5,000 sf) andfor turf-intensive land

(Section 5) or forest conservation area uses (sports fields, golf courses)
close to source

Compost

Amendments No Yes (B, C, and D soils) 5

(Section 6.1)

Boundary Spreader
(Section 6.3)

GD ° attop of filter

GD © at top of filter
PB ° at toe of filter

T A minimum of 1% is recommended to ensure positive drainage.
2 For Conservation Areas with a varying slope, a pro-rated length may be computed only if the

first 10 ft. is 2% or less.

3 Vegetative Cover is described in Section 6.2.
“Where the Conserved Open Space is a mixture of native grasses, herbaceous cover and forest

(or re-forested area), the length of the ELS 8 Lip can be established by computing a weighted
average of the lengths required for each vegetation type. Refer to Section 6.3 for design criteria
®The plan approving autherity may waive the requirement for compost amencded soils for filter
strips on B soils under certain conditions (see Section 6.1).
ELS = Engineered Level Spreader; GD = Gravel Diaphragm, PB = Permeable Berm.




Virginia Stormwater BMP Clearinghouse
Specification No. 3: Grass Channels

What is it?

Grass-lined conveyance channels to treat runoff from:
e Highways;

* Low- to medium-density residential yards;

* Driveways;

* Ball fields; and

e Small commercial parking areas.

Grass Channel
Source: DCR Stormwater Design Spec No. 3

v o e v ¥ &
CHANNEL BOTTont
w ' i e " i
hl w & W 1 i ~
¥ . "
/\\ ‘ /f\,; o ‘*j\f\*__
—SHoucDER — |
- RO A PRETREATMENT
PRETREATAMENT
SIDE SLOPE
PLAN
. Design | Runoff | TNEMC | TNMaSS | qp gy | TP Mass UMITED INFILTRATION
AR Level | Reduction | Removal LOE Removal e
Removal Removal TYPICAL SECTION
1 1010 20 20 50 to 75 15 2410 41 Grass channel, typical plan and section views
Grass Channels . 43
No Level 2 Design DCR Stormwater Design Spec No. 3




Virginia Stormwater BMP Clearinghouse

Design Criteria

Specification No. 3: Grass Channels (cont.)

Stormwater Functions Summary

Table 3.1. Summary of Stormwater Functions Provided by Grass Channels 2

. HSG Soils Aand B HSG Soils C and D
Stormwater Function - -
No CA With CA No CA With CA

Annual Runoff Volume Reduction (RR) 20% NA > 10% 30%
Total Phosyhorus (TP) EMC
Reduction” by BMP Treatment 15% 156%
Process
Total Phosphorus (TP) Mass Load 399 24% (no CA) to
Removal 41% (with CA)
Total Nitrogen (TN) EMC Reduction® 20% 20%
by BMP Treatment Process
Total Nitrogen (TN) Mass Load 36% 28% (no CA) to
Removal 44% (with CA)

Partial. Designers can use the RRM spreadsheet to
adjust curve number for each design storm for the
contributing drainage area, based on annual runoff
reduction achieved. Also, the Tc for the grass swale flow
path should reflect the slope and appropriate roughness
for the intended vegetative cover.

Channel & Flood Protection

Table 3.2. Grass Channel Design Guidance

Design Criteria

The bottom width of the channel should be between 4 to 8 feet wide.

'CWP and CSN (2008) and CWP (2007).

2 CA= Compost Amended Soils, see Stormwater Design Specification No. 4,

® Compost amendments are generally not applicable for A and B soils, although it may be advisable to
incorporate them on mass-graded and/or excavated soils to maintain runoff reduction rates. In these
cases, the 30% runoff reduction rate may be claimed, regardless of the pre-construction HSG.

4 Change in event mean concentration (EMC) through the practice. Actual nutrient mass load removed
is the product of the pollutant removal rate and the runoff volume reduction rate (see Table 1 in the
Introduction to the New Virginia Stormwater Design Specifications).

The channel side-slopes should be 3H:1V or flatter.

The maximum total contributing drainage area to any individual grass channel is 5 acres.

The longitudinal slope of the channel should be no greater than 4%. (Check dams may be used to
reduce the effective slope in order to meet the limiting velocity requirements.)

The maximum flow velocity of the channel must be less than 1 foot per second during a 1-inch storm
event.

The dimensions of the channel should ensure that flow velocity is non-erosive during the 2-year and
10-year design storm events and the 10-year design flow is contained within the channel (minimum of
6 inches of freeboard).
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Virginia Stormwater BMP Clearinghouse

Specification No. 4: Soil Compost Amendment

What is it?
Soil may be amended with compost to:

Reduce runoff from compacted lawns;
Enhance rooftop disconnections;
Enhance grass channels;

Enhance vegetated filter strips; and
Enhance reforestation areas.

Amendment is not recommended when:

Existing soils have high infiltration rates;

The water table or bedrock is within 1.5” of the soil surface;
Existing soils are saturated or seasonally wet;
Amendments would harm the roots of existing trees;

The downhill slope runs toward a foundation; or

The contributing impervious surface is larger than the
surface area of the amended soils.

Practice

Design | Runoff | TNEMC | TNMaSS | 5p gy | TP Mass
. Load Load
Level Reduction | Removal Removal
Removal Removal

Soil Compost
Amendment

Can be used to decrease the runoff coefficient for turf cover at the site.
See the design specs for Rooftop Disconnection, Sheet Flow to
Vegetated Filter or Conserved Open Space, and Grass Channel.

Soil compost amendment
Source: DCR Stormwater Design Spec No. 4

45



Virginia Stormwater BMP Clearinghouse

Specification No. 4: Soil Compost Amendment (cont.)

Stormwater Functions Summary

Table 4.1: Stormwater Functions of Soil Compost Amendments !

Runoff Coefficients
Table 4.2. Runoff Coefficients for Use for Different Pervious Areas
Hydrologic Soil Undisturbed Disturbed Restored and
Group Soils ' Soils 2 Reforested >
A 0.02 0.15 0.02
B 0.03 0.20 0.03
C 0.04 0.22 0.04
D 0.05 0.25 0.05
Notes:

! Portions of a new development site, outside the limits of disturbance, which are
not graded and do not receive construction traffic.

Previously developed sites, and any site area inside the limits of disturbance as
shown on the E&S Control plan.
o Areas with restored soils that are also reforested to achieve a minimum 75% forest
canopy

Stor tar Eanction HSGZSmIs AandB HSG SocilsCand D
No CA With CA No CA With CA
Annual Runoff Volume Reduction (RR)
Simple Rooftop Disconnection 50% NA 25% 50%
Filter Strip 50% NA ° NA * 50%
Grass Channel 20% NA S 10% 30%
Total Phosg)horus (TP) EMC
Reduction”™ by BMP Treatment 0 0
Practice
;2::!;2? SptEn TR i o] Same as for RR (above) Same as for RR (above)
Total Nitrogen (TN) EMC Reduction by 0 0
BMP Treatment Practice
Total Nfragen (TN} Mass Lioad Same as for RR (above) | Same as for RR (above)
Removal
Partial. Designers can use the RRM spreadsheet to
Channel Protection & adjust the curve number for each design storm for the
Flood Mitigation contributing drainage area, based on annual runoff
volume reduction achieved.

T CWP and CSN (2008), CWP (2007)
2cA=cCo mpost Amended Soils, see Stormwater Design Specification No. 4.

) Compost amendments are generally not applicable for A and B soils, although it may be advisable
to incorporate them on mass-graded B soils to maintain runoff reduction rates.

* Filter strips in HSG C and D should use composted amended soils to enhance runoff reduction

Compost Depths

Table 4.3. Short-Cut Method to Determine Compost and Incorporation Depths

capabilities. See Stormwater Design Specification No. 2:
Filter Strip or Conserved Open Space.

Sheetflow to Vegetated

Contributing Impervious Cover to Soil Amendment Area Ratio u
IC/SA=0" IC/SA=05 | IC/SA=075 | IC/ISA=1.0"
Compost (in) * 2t04° 3t06° 4t08° 6t010°
Incorporation Depth (in) | 6to 10° 8to12° 151018 ° 1810 24°
Incorporation Method Rototiller Tiller Subsoiler Subsoiler

Notes:

"1C = contrib. impervious cover (sq. ft.) and SA = surface area of compost amendment (sq. ft.)
2 For amendment of compacted lawns that do not receive off-site runoff
>In general, IC/SA ratios greater than 1 should be avoided

= Average depth of compost added

® Lower end for B soils, higher end for C/D soils




Virginia Stormwater BMP Clearinghouse
Specification No. 5: Vegetated Roof

What is it?

A rooftop covered with soil media and plants. May be:

* Extensive with shallow soil and a limited plant palette; or
* Intensive with deep soil and a wide plant palette.

Vegetated roofs are recommended for non-residential, multi-family, and mixed-use buildings.

Green roof at Fairfax County Government Center parking structure
Source: http://www.fairfaxcounty.gov/news/images/roof _garden_.jpg

Green roof at WSSI
Source: Wetland Studies and Solutions, Inc.

: Design | Runoff | TNEMC | TN MaSS | 1pgyc [ TP Mass
Practice . Load Load
Level Reduction | Removal Removal
Removal Removal
1 45 0 45 0 45
Vegetated Roof 47
2 60 0 60 0 60




Virginia Stormwater BMP Clearinghouse

Specification No. 5: Vegetated Roof (cont.)

Stormwater Functions Summary

Design Criteria

Table 5.1: Summary of Stormwater Functions Provided by Vegetated Roofs !

Table 5.2. Green Roof Design Guidance

5reen roof at Sidwell Friends School

Stormwater Eunchion Level 1 Design Level 2 Design Level11 Design (RR:45; TP:0; TN:0) Level 2 E)esign (RR: 60; TP:0; TN:0)
Annual Runoff Volume Reduction 45% 50% Tv=10Rv) (A12 Tv=11(Rv) (A)12
(RR) Depth of media up to 4 inches Media depth 4 to 8 inches
Total Phoszphorus (TP) EMC Drainage mats 2-inch stone drainage layer
Reduction® by BMP Treatment 0 0 No more than 20% organic matter in media No more than 10% organic matter in media
Process All Designs: Must be in conformance to ASTM (2005) International Green (Vegetated) Roof Stds.
Total Phosphorus (TP) Mass Load 45% 60% TRv represents the runoff coefficient for a conventional roof, which will usually be 0.95. The runoff
Removal 2 reduction rate applied to the vegetated roof is for “capturing” the Treatment Volume (Tv) compared to
Total Nitro?en (TN) EMC what a conventional roof would produce as runoff.
Reduction” by BMP Treatment 0 0
Process
e 45% 60% Material Specifications
Channel Protection & Use the foltowlng Qume Numbers _(CN:'_ for Design Storrll evgnts_ Table 5.4. Extensive Vegetated Roof Material Specifications
e e I 1-year storm = 64, 2-year storm = 66; 10-year storm = 72; and

Flood Mitigation the 100 year storm = 75 _ —
: Material Specification

Sources: CWP and CSN (2008) and CWP (2007). Structural Capacity should conform to ASTM E-2397-05, Fraclice for
2 Moran et al (2004) and Clark et al (2008) indicate no nutrient reduction or even negative nutrient Determination of Live Loads and Dead Loads Associated with Green
reduction (due to leaching from the media) in early stages of vegetated roof development. Roof (Vegetated) Roof Systems. In addition, use standard test methods ASTM
3 See Miller (2008), NVRC (2007) and MDE (2008) E2398-05 for Water Caprure and Media Rstention of G‘eocomposrte Drain

Layers for Green (Vegetated) Roof Systems, and ASTME 2399-05 for
Maximum Media Density for Dead Load Analysis.

Waterproof Membrane

See Chapter 6 of Weiler and Scholz-Barth (2009) for waterproofing options
that are designed to convey water horizontally across the roof suface to
drains or gutter. This layer may sometimes act as a root barrier.

Root Barrier

Impermeable liner that impedes root penetration of the membrane.

Drainage Layer

1 to 2 inch layer of clean, washed granular material, such as ASTM D 448 size
MNo. 8 stone. Roof drains and emergency overflow should be designed in
accordance with VUSBC.

MNeedled, non-woven, polypropylene gectextile.

Filter Fabric Density (ASTM D3776) > 16 oz./sq. yd., or approved equivalent.
Puncture resistance (ASTM D4833) > 220 Ibs., or approved equivalent.
80% lightweight inorganic materials and 20% organic matter (e.g. well-aged
compost). Media should have a maximum water retention capacity of around
Growth Media 30%. Media should provide sufficient nutrients and water holding capacity to

support the proposed plant materials. Determine acceptable saturated water
permeability using ASTM E2396-05.

Plant Materials

Sedum, herbaceous plants, and perennial grasses that are shallow-rooted,
self-sustaining, and tolerant of direct sunlight, drought, wind, and frost. See
ASTM E2400-06, Guide for Selection, Installation and Maintenance of Plants
for Green (Vegetated) Roof Systems.
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Virginia Stormwater BMP Clearinghouse

Specification No. 6: Rainwater Harvesting

What is it?

Capturing roof runoff for non-potable interior and exterior uses. Note that:

e Creditis only given for dedicated year-round drawdown for the water.

Irrigation will not receive credit without a secondary practice to treat water during the winter.
A Virginia-specific amendment to the 2009 Uniform Statewide Building Code limits harvested
water storage to 24 hours for irrigation and 72 hours for flushing water closets and urinals.

Underground rainwater harvesting cistern
Source: DCR Stormwater Design Spec No. 6

. Design | Runoff | TNEMC | TNMaSs | 1p gy [ TP Mass
Practice . Load Load
Level | Reduction | Removal Removal
Removal Removal
Rainwater 1 Up to 90 0 Up to 90 0 Up to 90
Harvesting No Level 2 Design

Above-ground rainwater harvesting cistern at WSSI
Source: Wetland Studies and Solutions, Inc.
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Virginia Stormwater BMP Clearinghouse

Stormwater Functions Summary

Specification No. 6: Rainwater Harvesting (cont.)

Material Considerations

Table 6.1: Summary of Stormwater Functions Provided by Rainwater Harvesting

Table 6.2. Advantages and Disadvantages of Various Cistern Materials

Stormwater Function

Performance

Annual Runoff Volume Reduction (RR)

Variable up to 90% *

Total Phosphorus (TN) EMC Reduction’
by BMP Treatment Process

0%

Total Phosphorus (TN) Mass Load
Removal

Variable up to 90% *

Total Nitrogen (TN) EMC Reduction’ by
BMP Treatment Process

0%

Total Nitrogen (TN) Mass Load Removal

Variable up to 90% *

Channel Protection

Partial: reduced curve numbers and increased
Time of Concentration

Flood Mitigation

Partial: reduced curve numbers and increased
Time of Concentration

exceed 90%.

" Nutrient mass removal is equal to the runoff reduction rate. Zero additional removal rate is
applied to the rainwater harvesting system only. Nutrient removal rates for secondary
gractices. will be in accordance with the design criteria for those practice.

Credit is variable and determined using the Cistern Design Spreadsheet. Credit up to 90%
is possible if all water from storms with rainfall of 1 inch or less is used through demand, and
the tank is sized such that no overflow from this size event occurs. The total credit may not

or below ground; little maintenance;
broad application

Tank Material Advantages Disadvantages
Commercially available, alterable and | Must be installed on smooth, solid,
. moveable;  durable  with little | level footing; pressure proof for below-
Fiberglass 1 ., g T y g : ;
maintenance; light weight, integral | ground installation; expensive in
fittings (no leaks); broad application smaller sizes
moveae.  ffordable; avaiaio. m | C2N be UV-degradable, must be
Polyethylene wide range of sizes; can install above paintsd. e ke or e o

installations; pressure-proof for below-
ground installation

Modular Storage

Can modify to topography, can alter
footprint and create varicus shapes to

Longevity may be less than other
materials; higher risk of puncturing of

Plastic Barrels

i 7 3 : water  tight memirane during
fit site; relatively inexpensive P
Low storage capacity (20 to 50

Commercially available, inexpensive

gallons); limited application

Galvanized Steel

Commercially available, alterable and
moveable, available in a range of
sizes; film develops inside to prevent
caorrosion

Possible external corrosion and rust;
must be lined for potable use; can only
install above ground; soil pH may limit
underground applications

neutralizes acid rain

Small storage capacity, prone to
Commercially available, alterable and SEIftey, ol TS @dh ke i
Steel Drums Y . leaching of metals; verify prior to reuse
moveable L g
for toxics, water pH and scil pH may
also limit applications
Curable and immoveable; suitable for
FerroConcrete above or below ground installations; Potential to crack and leak; expensive

Cast in Place
Concrete

Durable, immoveable,  versatile;
suitable for above or below ground
installations,; neutralizes acid rain

Potential  to crack and leak;
permanent; will need to provide
adequate platform and design for
placement in clay soils

Stone or concrete
Block

Durable and immoveable,
water cool in summer months

keeps

Difficult to maintain; expensive to build

Source: Cabell Brand, 2007, 2009
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What is it?
Alternative paving surface that allows water to filter through a permeable top layer into a

gravel reservoir for temporary storage and/or infiltration. May replace impervious surfaces
on commercial, institutional, and residential sites.

o

}' Permeable pavers (brick) at the Virginia Capitol Building
Source: Wetland Studies and Solutions, Inc.

: Design | Runoff | TNEMC | TN MaSS | 1pgyc [ TP Mass
Practice . Load Load
Level Reduction | Removal Removal
Removal Removal
Permeable 1 45 25 59 25 59
Pavement 2 75 25 81 25 81

Concrete Pavers

Permeable Joint Material
Open-graded
Bedding Course

Open-graded
Base Resarvoir

Open-graded
Subbase
Reservoir

= Underdrain
{as requirad)

Optional Geotextile
Under Subbase

Uncompacted Subgrade Soll

Typical permeable paver section
DCR Stormwater Design Spec No. 7

Permeable pavers (concrete) at WSSI
Source: Wetland Studies and Solutions, Inc.

Virginia Stormwater BMP Clearinghouse
Specification No. 7: Permeable Pavement
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Virginia Stormwater BMP Clearinghouse

Specification No. 7: Permeable Pavement (cont.)

Stormwater Functions Summary

Material Specifications

Table 7.1. Summary of Stormwater Functions Provided by Permeable Pavement

Table 7.2. Comparative Properties of the Three Major Permeable Pavement Types

Design Factor

Porous Concrete (PC)

Porous Asphalt (PA)

Interlocking Pavers (IP)

Scale of Application

Small and large scale
paving applications

Small and large scale
paving applications

Micro, small and large scale
paving applications

Stormwater Function Level 1 Design Level 2 Design
Annual Runoff Volume Reduction (RR)1 45% 75%
Total Phosphorus (TP) EMC Reduction” by 0, 0
BMP Treatment Process i 2o
Total Phosphorus (TP) Mass Load Removal 5% 81%
Total Nitrogen (TN) EMC Reduction’ 25% 25%
Total Nitrogen (TN) Mass Load Removal 5% 81%

s Use RRM spreadsheet to calculate a Curve
Number (CM) adjustment; OR

= Design extra storage (optional, as needed) in the
stone underdrain layer to accommodate larger
storm volumes, and use NRCS TR-55 Runoff

Equations 2to compute a CN adjustment.

Channel Protection

Pavement Thickness | | 5 to 8 inches 3 1o 4 inches 3 inches " °
Bedding Layer 1.8 MNone 2 inches No. 57 stone 2 inches of Mo. 8 stone
Reserveir Layer 48 MNo. 57 stone MNo. 2 stone Ne.2 stone

3-4 inches of No.57 stone

Construction
Properties

Cast in place, seven day
cure, must be covered

Cast in place, 24 hour
cure

Mo cure period; manual or
mechanical installation of
pre-manufactured units, over
5000 sf/day per machine

Design Permeability *

10 feet/day

6 feet/day

2 feet/day

Partial. May be able to design additional storage
into the reservoir layer by adding perforated
storage pipe or chambers.

Flood Mitigation

Construction

g Change in event mean concentration (EMC) through the practice. Actual nutrient mass load removed
is the product of the removal rate and the runoff reduction rate (see Table 1 in the Introduction to the
New Virginia Stormwater Design Specifications).

2NRGS TR-55 Runoff Equations 2-1 thru 2-6 and Figure 2-1 can be used to compute a curve number
adjustment for larger stomm events based on the retention storage provided by the practice(s).

Cost? $ 2.00 to $6.50/sq. ft. $ 0.50 to $1.00/ sq. ft. $ 5.00t0 $ 10.00/ sq. ft.
Min. Batch Size 500 sq. ft. NA
Longevity u 20 to 30 years 15 to 20 years 20 to 30 years

; Drop inlet or overflow Surface, drop inlet or
Overflow Drop inlet or overflow edge edge overflow edge
Temperature Cooling in the reservoir Cooling in the reservoir Cooling at the pavement
Reduction layer layer surface & reservoir layer

Sources: CWP and CSN (2008) and CWP (2007)

ColorsiTexture

Limited range of colors and
textures

Black or dark grey color

Wide range of colors,
textures, and patterns

Design Criteria

Traffic Bearing
Capacity *

Can handle all traffic loads, with appropriate bedding laye

r design.

Surface Clogging

Replace paved areas or
install drop inlet

Replace paved areas or
install drop inlet

Replace permeable stone
jointing materials

Other Issues

Avoid seal coating

Snowplow damage

Table 7.3. Penneable Pavement Design Criteria

Design Reference

American Concrete
Institute # 522.1.08

Jackson (2007) NAPA

Srith (2006) ICPI

Level 1 Design Level 2 Design

Tv = (1}{Rv)(A) f 12 — the volume reduced by

an upstream BMP Tv=(1.DRVA) /12

Soil infiliration is less than 0.5 in./hr. Soil infiltration rate exceeds 0.5 in./hr.

Uinderdrain not required; OR

If an underdrain is used, a 12-inch stone sump
must be provided below the underdrain invert; OR
The Tv has at least a 48-hour draintime, as
regulated by a control structure.

Underdrain required

CDA = The permeable pavement area plus
upgradient parking, as long as the ratio of
external contributing area to permeable
pavement does not exceed 2:1.

CDA = The permeable pavement area

T Individual designs may depart from these typical cross-sections, due to site, traffic and design conditions.
2 Reservair storage may be augmented by corrugated metal pipes, plastic arch pipe, or plastic lattice blocks.

*ICPI (2008)
“NVRA (2008)

5 WERF 2005 as updated by NVRA (2008)
8 Based on pavement being maintained properly, Resurfacing or rehabilitation may be needed after the indicated

period.

? Depends primarily on on-site gecotechnical considerations and structural design computations.
Stone sizes correspond to ASTM D 448: Standard Classification for Sizes of Aggregate for Road and Bridge

Construction.

" The contributing drainage area to the permeable pavements should be limited to paved surfaces, to
avoid sediment wash-on, and sediment source controls and/or a pre-treatment strip or sump should
be used. When pervious areas are conveyed to permeable pavement, pre-treatment must be
provided, and the pre-treatment may qualify for a runoff reduction credit.
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Virginia Stormwater BMP Clearinghouse
Specification No. 7: Permeable Pavement (cont.)

Pervious Concrete at WSSI Porous Asphalt at WSSI
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Virginia Stormwater BMP Clearinghouse

Specification No. 8: Infiltration Practices

What is it?
Temporary surface or below-grade storage to detain and infiltrate runoff into the in-situ soil.

Has the greatest runoff reduction potential of all BMPs, but measured infiltration rates must be
greater than 0.5 inches per hour.

PROVIDE PRETREATMENT
FOR CONGENTRATED
FLOW AS REQUIRED PROPOSED GRADE
TMWLWMW T T "ﬁ'ﬂﬁmﬁﬂﬁmﬁﬂﬁmﬁmﬁmﬁ: g
I =l 2 AT MINIMUNM LR TSI = T U == ] |
AM=THES overLar of "“”'m"'_IIEIIFZ E it ﬂm“ I
FILTER FABRIC \7“ e T T T U
I
1
i
| e :

o o o o
OVERFLOW H
o ° °

} DETENTION STORAGE WITH
CONTROLLED RELEASE
PERFORATED PIPE

CLEAN,
AGGREGATE WITH
MAX. DIAMETER
OF 3.5 IN. AND A
MIN DIAMETER OF

151N
woswoe /I v
|nﬁ|trati0n trenCh OPTIONAL STORAGE CHAMBERS I\TSE_JI\.R"I’EHON STORAGE
Source: DCR Stormwater Design Spec No. 8 ﬁ?@;;%%ﬂ#%ﬁ%;&?k%ﬁ
CHAMBER, OR EQUIVALENT)
. TN Mass TP Mass
; Design | Runoff | TNEMC TP EMC Infiltration with storage chambers, typical section view
Practice Level |Reducti R | Load R | Load
EVE eduction | Removal | o - | Removal | o oval DCR Stormwater Design Spec No. 8
Infiltration 1 50 15 57 25 63 54
Practices 2 90 15 92 25 93




Virginia Stormwater BMP Clearinghouse

Specification No. 8: Infiltration Practices (cont.)

Stormwater Functions Summary

OPTIONAL TOPSOIL AND SOD

|
&g‘hﬂ“‘“’”“ =
OUTLET TO STORM N /
SEWER OR
DAYLIGHT QUTFALL

ST T o T o1 A

CLEAN, AGGREGATE WITH

MAX, DIAMETER OF 3.5 IN.~ J
AND A MIN DIAMETER OF
1.5 1IN
SAND FILTER &* DEEP

{OR FABRIC EQUIVALENT)

SLOPES
CONSISTENT WITH

thrHthtNl_\\

PEA GRAVEL OR
RIVER STONE

OVERFLOW:
NOMN-WOVEN
GEOTEXTILE

|
\o
m
w0
m
2
)
]
o]
=
s
m
-
r~

CLEAMN, AGGREGATE
WITH MAX. DIAMETER
OF 3.5 1IN, AND A MIN
DIAMETER OF 1.5 1M

SAMD FILTER 6 - 8" DEEP

SECTION

ON TOP OF PEA GRAVEL NFLOW PRETREATMENT
PEA GRAVEL OF AS REQUIRED
RIVER STONE \
i —

W OVERFLOW

Table 8.1. Summary of Stormwater Functions Provided by Infiltration

Stormwater Function Level 1 Design Level 2 Design
a_;l;)ual Runoff Volume Reduction 50% 90%
Total Phos_lphorus (TP) EMC
Reduction’ by BMP Treatment 25% 25%
Process
Total Phosphorus (TP) Mass 63% 93%
Load Removal
Total Ni1ro1gen {TN) EMC
Reduction’ by BMP Treatment 15% 15%
Process
Total Nitrogen {TN) Mass Load 579% 9%
Removal
Channel and Flood Protection * Use the RRM spreadsheet to calculate the Curve Number

(CN) adjustment; OR

+ Design for extra storage (optional; as needed) on the surface
or in the subsurface storage volume to accommodate Iarger
storm volumes, and use NRCS TR-55 Runoff Equations “ to
compute the CN Adjustment.

" Change in the event mean concentration (EMC) through the practice. The actual nutrient mass load
removed is the product of the removal rate and the runoff reduction (RR) rate (see Table 1 in the
Infroduction to the New Virginia Stormwater Design Specifications).

2 NRCS TR-55 Runoff Equations 2-1 thru 2-5 and Figure 2-1 can be used to compute a curve number
adjustment for larger storm events, based on the retention storage provided by the practice(s).

Sources: CWP and CSN (2008), and CWP (2007)

(OR FABRIC EQUIVALENMT)

Design

Criteria

Infiltration trench typical profile and section views
DCR Stormwater Design Spec No. 8

*Note that this design specification does not define a
maximum allowable infiltration rate, but the VSMH
requires an infiltration rate between 0.52 and 8.27 in/hr.
(See VSMH Standard 3.10.)

Table 8.2. Level 1 and Level 2 Infiltration Design Guidelines

Level 1 Design (RR:50; TP:25; TN:15)

Level 2 Design (RR:90; TP:25; TN:15)

Sizing: Ty = [(Rv){A)Y12] — the volume reduced by
an upstream BMP.

Sizing: Ty = [1.1(Rv){(A)}12] — the volume reduced
by an upstream BMP

At least two forms of pre-treatment
(see Table 8.6)

At least three forms of pre-treatment
(see Table 8.6)

Sail infiltration rate 1/2 to 1 in./hr.
(see Section 6.1 & Appendix 8-A), number of
tests depends on the scale (Table 3)

Soil infiltration rates of 1.0 to 4.0 in/hr
(see Section 6.1 & Appendix B-A), number of
tests depends on the scale (Table 8.3)

Minimum of 2 feet between the

bottom of the infiltration practice

and the seasonal high water table or bedrock (Section 4 5)

Ty infiltrates within 36 to 48 hours (Section 6.6)

Building Setbacks — see Table 8.3

All Designs are subject to hotspot runoff restrictions/prohibitions




Virginia Stormwater BMP Clearinghouse

Specification No. 9: Bioretention Practices

What is it?
Shallow, depressed landscape feature that collects runoff and filters it through a sandy,
engineered soil media. Bioretention provides evapotranspiration, infiltration, and storage.

RECOMMENDED
MaX 3.1 SLOPE

3" SHREDDED HARDWOOD
MULCH LAYER

EIORETENTION SOIL MEDIA
(LEVEL 1 MIMNIMUM 247)

MIN 3* DEPTH PEA GRAVEL ABOVE
CROWMN OF UNDERDRAIN

TYPICAL BIORETENTION - LEVEL 1

(SIDE SLOFPE EXCAMATION
MEED NOT BE VERTICAL)

FILTER FABRIC (FLACED ON PEA
GRAVEL OVER UNDERDRAIN
OMLY, 1 - 2 TO EITHER SIDE)

PERFORATED UNDERDRAIN
FIPE (10 SPACING MAX)

NTS

Bioretention typical section view

DCR Stormwater Design Spec No. 9

. Design | Runoff | TNEmC | TNMasS | 1ppyc | TP Mass
Practice . Load Load
Level Reduction | Removal Removal
Removal Removal
. . 1 40 40 64 25 55
Bioretention
Practices 2 80 60 90 50 90

i

—wr
>

Bioretention at WSSI

Source: Wetland Studies and Solutions, Inc.
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Virginia Stormwater BMP Clearinghouse

Stormwater Functions Summary

Specification No. 9: Bioretention Practices (cont.)

Material Considerations

Table 9.1. Summary of Stormwater Functions Provided by Bioretention Basins

Table 9.6. Bioretention Material Specifications

= m < Material Specification Notes
5 Isgarmv:ra\t!erlFunc:{lo: - Level 1 Design Level 2 Design Filter Media mpwma-m.
nnual Runof olume Reduction o o ’ ; *  85%-88% sand The volume of filter media based on 110%
{(RR) 40% 80% ggt;r Ms?ﬁclzi *  B8%-12% soil fines of the plan volume, to account for settling
Total Phosphorus (TP) EMC P *  3%-5% organic matter in the form | or compaction.
Reduction' by BMP Treatment 25% 50% of leaf compost
P-Index range = 10-30, OR

Process Filter Media | Between 7 and 21 mg/kg of P in the The media must be procured from
Total Phosphorus (TP) Mass 559 90% Testing soil media. approved filter media vendors.
Load Removal " CECs greater than 10

T Use aged, shredded hardwood bark | Lay a 2 to 3 inch layer on the surface of the
Total N!tro1gen (TN) EMC , \ Mulch Layer [~ filter bed.
Reduction” by BMP Treatment 40% 60% Alternative Use river stone or pea gravel, coir and | Lay a 2 to 3 inch layer of to suppress weed
Process Surface Cover | jute matting, or turf cover. growth.
Total Nitrogen (TN) Mass Load 64% 90% _— Loamy sand or sandy loam texture,

op Sail with less than 5% clay content, pH 2

Removal For Turf Cover | corrected to between 6 and 7, and an 3 inch surface depth.

Channel and Flood Protection

« Use the Runoff Reduction Method (RRM) Spreadsheet to
calculate the Cover Number (CN) Adjustment
OR

* Design extra storage (optional; as needed) on the surface, in
the engineered soil matrix, and in the stone/underdrain layer
to accommodate a larger storm, and use NRCS TR-5% Runoff
Equation32 to compute the CN Adjustment.

organic matter content of at least 2%

Geotextile/Liner

Use a non-woven geotextile fabric with
a flow rate of > 110 gal/min.fsq. ft.
(e.g., Geotex 351 or equivalent)

Apply only to the sides and above the
underdrain. For hotspots and certain karst
sites only, use an appropriate liner on
bottom.

Choking Layer

Lay a 2 to 4 inch layer of sand over a

2 inch layer of choker stone (typically #8 or

#89 washed gravel), which is laid over the underdrain stone.

' Change in event mean concentration (EMC) through the practice. Actual nutrient mass load removed
is the product of the removal rate and the runoff reduction rate(see Table 1 in the Intreduction to the
New Virginia Stormwater Design Specifications).

2NRCS TR-55 Runoff Equations 2-1 thru 2-5 and Figure 2-1 can be used to compute a curve number
adjustment for larger storm events based on the retention storage provided by the practice(s).

Stone Jacket for
Underdrain
and/or Storage
Layer

1 inch stone should be double-washed
and clean and free of all fines (e.g,
VDOT #57 stone).

12 inches for the underdrain;
12 to 18 inches for the stone storage layer,
if needed

Sources: CWP and CSN (2008) and CWP (2007)

Underdrains,
Cleanouts, and
Observation
Wells

Use 6 inch rigid schedule 40 PVC pipe
(or equivalent corrugated HOPE for
micro-bioretertion),  with  3/B-inch
perforations at 6 inches on center;
position each underdrain on a 1% or
2% slope located nor more than 20
feet from the next pipe

Lay the perforated pipe under the length of
the bioretention cell, and install non-
perforated pipe as needed to connect with
the storm drain system. Install T's and Y's
as needed, depending on the underdrain
configuration. Extend cleanout pipes to the
surface with vented caps at the Ts and Y's.

Plant Materials

Plant one tree per 250 square feet (15
feet on-center, minimum 1 inch
caliper)

Shrubs a minimum of 30 inches high
plarted a minimum of 10 feet on-
center.

Plant ground cover plugs at 12 to 18
inches on-center; Plant container-
grown plants at 18 to 24 inches on-
center, depending on the initial plant
size and how large it will grow.

Establish plant materials as specified in the
landscaping plan and the recommended
plant list.

In general, plant spacing must be sufficient
to ensure the plant material achieves 80%
cover in the proposed planting areas within
a 3-year period

If seed mixes are used, they should be
from a qualified supplier, should be
appropriate  for  stormwater  basin
applications, and should consist of native
species (unless the seeding is to establish
maintained turf).




Virginia Stormwater BMP Clearinghouse

Specification No. 9: Bioretention Practices (cont.)

DCR Specification No.

9 Design Criteria

Table 9.2. Micro-Bioretention (Rain Garden) Design Criteria’

Level 1 Design (RR 40 TP: 25)

Level 2 Design (RR: 80 TP: 50}

Table 9.3. Bioretention Filter and Basin Design Criteria

Level 1 Design (RR 40 TP: 25 )

Level 2 Design (RR: 80 TP: 50)

Sizing (Section 6.1):

Sizing: Filter surface area (sq. ft.) = 3% 2 of the
contributing drainage area (CDA).

Sizing: Filter surface area (sq. ft.) = 4% 2 of the
CDA (can be divided into different cells at
downspouts).

Maximum contributing drainage area =

0.5 acres; 25% Impervious Cover (IC) -

One cell design (can be divided into smaller cells at downspout locations) =

Maximum Ponding Depth = 6 inches

Filter Media Depth minimum = 18 inches;
Recommended maximum = 36 inches

Filter Media Depth minimum = 24 inches;
Recommended maximum = 36 inches

Media: mixed on-site or supplied by vendor

Media: supplied by vendor

All Designs: Media mix tested for

an acceptable phosphorus index

(P-Index) of between 10 and 30, OR
Between 7 and 21 mg/kg of P in the soil media

Sub-soil testing: not needed if an underdrain is
used, Min infiltration rate = 1 inch/hour in order to
remove the underdrain requirement.

Sub-soil testing: one per practice; Min infiltration
rate > 1/2 inch/our; Min infiltration rate > 1
inch/hour in order to remove the underdrain
requirement.

Underdrain: corrugated HDPE or equivalent.

Underdrain: corrugated HDPE or equivalent, with
a minimum 6-inch stone sump below the invert;
OR none, if soil infiltration requirements are met

Clean-outs:

not needed

Inflow: sheetflow or roof leader

Pretreatment: external (leaf screens, grass filter
strip, energy dissipater, etc.).

Pretreatment: external plus a grass filter strip

Vegetation: turf, herbaceous, or shrubs (min = 1
out of those 3 choices).

Vegetation: turf, herbaceous, shrubs, or trees (min
= 2 out of those 4 choices).

Building setbacks: 10 feet dow

n-gradient; 25 feet up-gradient

T Consult Appendix 9-A for design criteria for Urban_Bioretention Practices.
Micro-Bioretention (Rain Gardens) can be located at individual downspout locations to treat up to

1,000 sq. ft. of impervious cover (100% IC); the surface area is sized as 5% of the roof area (Level 1)
or 6% of the roof area (Level 2), with the remaining Level 1 and Level 2 design criteria as provided in

Table 9.2. If the Rain Garden is located so as to
pervious areas, the sizing rules within Table 9.2 s

capture multiple rooftops, driveways, and adjacent
hould apply.

Surface Area (sq. ft.) = (Ty — the volume reduced
by an upstream BMP) / Storage Depth '

Sizing (Section 8.1):
Surface Area (sq. ft.) = [(1.25)(Ty) — the volume
reduced by an upstream BMP] /Storage Depth '

Recommended maximum contributing drainage area = 2.5 acres

Maximum Ponding De =6 to 12 inches =
Eilter Media Depth minimum = 24 inches;
recommended maximum = 6 feet

Maximum Ponding Depth = 6 to 12 inches °

Eilter Media Depth minimum = 36 inches;
recommended maximum = 6 feet

Media & Surface Cover (Section 6.6) = supplied

(P-Index) of between 10 and 30, OR
Between 7 and 21 malkg of P in the soil media

by vendor, tested for acceptable phosphorus index

Sub-soil Testing (Section 6.2). not needed if an

underdrain used; Min infiltration rate = 1/2
inchv/hour in order to remove the underdrain
requirement.

Sub-soil Testing (Section 6.2): one per 1,000 sq.

ft. of filter surface; Min infiltration rate = 1/2
inch/hour in order to remove the underdrain
reguirement.

Underdrain (Section 6.7) = Schedule 40 PVC with

clean-outs

Underdrain & Underground Storage Laver
(Section 6.7) = Schedule 40 PVC with clean outs,
and a minimum 12-inch stone sump below the
invert, OR, none, if soil infiltration reguirements

are met (Section 6.2)

Inflow: sheetflow, curb cuts, trench drains, concentrated flow, or the equivalent

Geometry (Section 6.3):

Length of shortest flow path/Overall length = 0.3;
OR, other design methods used to prevent short-
circuiting; a one-cell design (not including the pre-
treatment cell).

Geometry {Section 6.3):

Length of shortest flow path/Overall length = 0.8;
OR, other design methods used to prevent short-
circuiting; a two-cell design (not including the
pretreatment cell).

Pre-treatment (Section 6.4): a pretreatment cell,
grass filter strip, gravel diaphragm, gravel flow
spreader, or another approved (manufactured)
pre-treatment structure.

Pre-treatment (Section 6.4). a pretreatment cell
plus one of the following: a grass filter strip, gravel
diaphragm, gravel flow spreader, or ancther
approved (manufactured) pre-treatment structure.

Planting Plan (Section 6.8): a planting template to
include turf, herbaceous vegetation, shrubs,
andfor trees to achieve surface area coverage of
at least 75% within 2 years.

Comveyance & Overflow (Section 6.5) Conveyance & Overflow (Section 6.5)

Planting Plan (Section 6.8): a planting template to
include turf, herbaceous wvegetation, shrubs,

and/or trees to achieve surface area coverage of
at least 90% within 2 years. If using turf, must
combine with other types of vegetation .

Building Setbacks 2 (Section 5):
0to 0.5 acre CDA = 10 feet if down-gradient from building or level (coastal plain); 50 feet if up-gradient.

0.5to 2.5 acre CDA = 25 feet if down-gradient from building or level (coastal plain); 100 feet if up-
gradient. (Refer to additional setback criteria in Section 5)

. Design | Runoff | TNEmC | TNMasS | 1ppyc | TP Mass
Practice . Load Load
Level Reduction | Removal Removal
Removal Removal
. . 1 40 40 64 25 55
Bioretention
Practices 2 80 60 90 50 9

Deeded Maintenance O&M Flan (Section 8)

" Storage depth is the sum of the Void Ratio (V) of
their respective depths, plus the surface ponding

A ponding depth of 6 inches is preferred. Ponding depths greater than 6 inches will require a specific
planting plan to ensure appropriate plant selection (Section 6.8).

These are recommendations for simple building foundations. If an in-ground basement or other
special conditions exist, the design should be reviewed by a licensed engineer. Also, a special footing
or drainage design may be used to justify a reduction of the setbacks noted above.

the soil media and gravel layers multiplied by
depth. Refer to Section 6.1.




Virginia Stormwater BMP Clearinghouse

Specification No. 9A: Urban Bioretention

What is it? DCR Specification No. 10 Design Criteria
Bioretention ada pted to the Table 9-A.2. Urban Bioretention Design Criteria
ultra-urban climate, including: Covel 1 Desion Oniy (RR- 40, TP 25)
e Stormwater planters; Sizing (Refer to Section 9-A-6.1):
e Extended tree pits; and Surface Area (sq. fit.) = T2 = {{{1.0 inch)(R,)(A)/12)] — the volume reduced by an upstream BMP}/2
A b . Underd_rain_ = Sche_dule 40_ PVC Wit_h_ clean-outs
Stormwater curb extensions (Refer to the Main Bicretention Design Specification, Section 9.8)
Maximum Drainage Area = 2,500 sq. ft.
2 Maximum Ponding Depth = 6 to 12 inches '
S Filter media depth minimum = 30 inches; recommended maximum = 48 inches
\ T 8 p Media and Surface Cover (Refer to the Main Bioretention Design Specification, Section 9.8)
Sub-soil testing (Refer to the Main Bioretention Design Specification, Section 9.8)
f Inflow = sheetflow, curb cuts, trench drains, roof drains, concentrated flow, or equivalent
" Building setbacks (Refer to Section A-4 9-A-5)
Deeded maintenance O&M plan (Refer to the Main Bioretention Design Specification, Section 9.1)
: Ponding depth above 6 inches will require a specific planting plan to ensure appropriate plants
; (Refer to the Main Bioretention Design Specification, Section 6.8).

TYPICAL URBAN BICRETENTION BASH

Stormwater planter typical section view
DCR Stormwater Design Spec No. 9A

Design | Runoff | TneEmc | TNMaSS | ppyc TFI’_Q"aadSS

. Load
Level Reduction | Removal Removal
Removal Removal

Practice

Source: City of Portland, O

1 40 40 64 25 55 ' .
urban Stormwater planter Stormwater curb extension

Bioretention No Level 2 Design . . . :
Source: DCR Stormwater Design Spec No. 9A Source: DCR Stormwater Design Spec No. 9A




Virginia Stormwater BMP Clearinghouse
Specification No. 9A: Urban Bioretention (cont.)

UL " | f |&r |

Stormwater Functions Summary

Table 9-A. 1. Summary of Stormwater Functions Provided by Urban Bioretention Areas

Stormwater Function Level 1 Design Level 2 Design

40% (for Water Quality credit
in the RRM spreadsheet only]

Annual Runoff Yolume Reduction

M A
RR) 0% credit for Channel
Protection

Total Phos1phorus {TP) EMC
Reduction’ by BMP Treatment 25% A
Progcess
Total Phosphorus (TP) Mass Load 559
Removal .
Total Nitrogen (TN} EMC Reduction
by BMP Treatment Process HE ol

£4%

; Mone; or if sized according to Bioretention Basin, follow the ; ; ; ;
Channal Protection Level 1 Bioretention basin griteria. Urban bioretention ln'Rlchmond, V_A
Flood Mitigation None Source: Wetland Studies and Solutions, Inc.
" Change in the event mean concentration (EMC) through the practice. The actual nutrient mass load . e .
remove% is the product of the removal rate a(nd thg runoffgreduct?on rate (see Table 1 in the infroduction De$lgn Cr’ter’a
to the New Virginia Stormwater Design Specifications). N N " .
Sources: CWP and CSN [2008) and CWP [2007) Table 9-A.2. Urban Bioretention Design Criteria

Level 1 Design Only (RR: 40; TP: 25)

Sizing (Refer to Section 9-A-6.1):
Surface Area (sq. ft.) = Ty/2 = {[(1.0 inch)(Ry)(A)/12)] — the volume reduced by an upstream BMP}/2

Underdrain = Schedule 40 PVC with clean-outs
(Refer to the Main Bioretention Design Specification, Section 9.8)

Maximum Drainage Area = 2,500 sq. ft.

Maximum Panding Depth = 6 to 12 inches 1

Filter media depth minimum = 30 inches; recommended maximum = 48 inches

Media and Surface Cover (Refer to the Main Bioretention Design Specification, Section 9.8)

Sub-sail testing (Refer to the Main Bioretention Design Specification, Section 9.8)

Inflow = sheetflow, curb cuts, trench drains, roof drains, concentrated flow, or equivalent

Building setbacks (Refer to Section A4 9-A-35)

Deeded maintenance O&M plan (Refer to the Main Bioretention Design Specification, Section 9.1)

Urban bioretention in Washington, D.C. ) _ ' Ponding depth above 8 inches will require a specific planting plan to ensure appropriate plants
Source: http://www.cenews.com/magazine-article-cenews.com- (Refer to the Main Bioretention Design Specification, Section 6.8).

9-2009-civil_engineering_design__for_green_building-7592.html



Virginia Stormwater BMP Clearinghouse
Specification No. 10: Dry Swales

What is it?

Shallow, linear, sloped bioretention that may be designed as:
* Conveyance swales to accept and convey sheet flow from linear R
watersheds such as roadways; or Ny A sone
» Treatment swales to accept and convey concentrated runoff from
non-linear watersheds.

Dry swales differ from grass channels because they incorporate
bioretention soil media.

PRETREATMENT AS REQUIRED

===
L
Il
AT A (T
S ,‘W i

: & BCHD 40 PERFORATED PVC
1IN 3 DERTH PEA GRAVEL AN UNDERDRAIN (WHEN NEEDED)

CROWN OF UMDERDRAIN

Dry swale
Source: DCR Stormwater Design Spec No. 10

Ik
Practice BRI Runoff IS T'}'_(’)V;SS TP EMC TFI)_c';Aa%SS o o Ursen E”""/‘
Level | Reduction | Removal Removal
Removal Removal oot sey B2 CRAVEL sy
1 40 25 55 20 52 SECTION LEVEL 2 WITHOUT UNDERDRAIN
Dry Swales Dry swale typical section views
_ 2 60 35 74 40 6 DCR Stormwater Design Spec No. 10




Virginia Stormwater BMP Clearinghouse

Specification No. 10: Dry Swales (cont.)

Stormwater Functions Summary

Design Criteria

Table 10.1. S y of Functions Provided by Dry Swales Table 10.2. Dry Swale Design Criteria
Level 1 Design (RR:40; TP:20; TN:25) Level 2 Design (RR:60; TP:40; TN: 35)
Stormwater Function Level 1 Design Level 2 Design Sizing (Sec. 5.1) Sizing (Sec. 5.1);
3:;}““' Runoff Volume Reduction 40% 60% Surface Area (sq. ft.) = (Ty— the volume reduced | Surface Area sq. ft) = {(1.1)(T) — the volume
Total Phus1phorus (TP) EMC by an upstream BMP) / Storage depth 1 reduced by an upstream BMP } / Storage Depth .
Reduction' by BMP Treatment 20% 40% Effective swale slope s 2% Effective swale slope = 1%
P Media Depth: minimum = 18 inches; Media Depth minimum = 24 inches
Total Phosphorus (TP) Mass Load 520 76% Recommended maximum = 36 inches Recommended maximum = 36 inches
Removal Sub-soil testing (Section 6.2): not needed if an | Sub-soil testing (Section 8.2): one per 200 linear
Total N“’"gﬁﬂ (TN) EMC underdrain is used; min. infiltration rate must be > | feet of filter surface: min. infiltration rate must be
Reduction’ by BMP Treatment 25% 35% 1/2 inch/hour to remove the underdrain [ > 1/2 inch/hour to remove the underdrain
Process requirernent; requirement
;:‘;Lf:lmge" {TH) Mags Load 56% 74% Underdrain _and Underground Storage Layer
T T e e T T T [Section 6.7): Schedule 40 PVC with clean outs,
Number (CN) Adiuetrment | e o Underdrain (Section 6.7): Schedule 40 PVC with | and a minimum 12-inch stone sump below the
OR clean-outs invert; OR
Channel Protection Design for extra storage (optional; as needed) on the surface, none if the soil infiltration requirements are met
in the engineered soil matrix, and in the stonefunderdrain (see I
Iy to Scoomimoate 8, Iarger Sionm, &hd D5 HRGS TR-05 Media (Section 6.8): supplied by the vendor; tested for an acceptable phosphorus index:
— Runoff Equations _to compute the CN Adjustment. __ P-Index between 10 and 30; OR Between 7 and 23 mg/kg of P in the soil media >
Flood Mitigation Partial. Reduced Curve Numbers and Time of Concentration

Inflow: sheet or concentrated flow with appropriate pre-treatment
Pre-Treatment (Section 6.4): a pretreatment cell, grass filter strip, gravel diaphragm, gravel flow
spreader, or another approved (manufactured) pre-treatment structure.
On-line design Off-line design or multiple treatment cells
Turf cover Turf cover, with trees and shrubs
All Designs: acceptable media mix tested for phosphorus index (see Section 6.6)

Change in the event mean concentration (EMC) through the practice. The actual nutrient mass load
removed is the product of the removal rate and the runoff reduction rate (see Table 1 in the Introduction
to the New Virginia Stormwater Design Specifications)

z NRCS TR-55 Runoff Equations 2-1 thru 2-5 and Figure 2-1 can be used to compute a curve number
adjustment for larger storm events, based on the retention storage provided by the practice(s).
Sources: CWP and CSN (2008), CWP, 2007

Dry swale
Source: DCR Stormwater Design Spec No. 10

Dry swale
Source: http://www.publicbroadcasting.net/kunc/news. 62
newsmain?action=article&ARTICLE_ID=1661510




Virginia Stormwater BMP Clearinghouse
Specification No. 11: Wet Swales

What is it?

A hybrid between a swale and a wetland that is typically only recommended for flat coastal
plain locations with high water tables.

ADDITIONAL STORAGE V» v v ",
Check Dams s 4 “’%
(Spaced 50 to 100 11.) #¥¥¥-\--\=*»¥*#*tﬁ** v
Y v
e _ ! . R N WL
(FOREBAY) *x ¥
i Channel Bottom g ot " SR *
-8 fi. i OPTIONAL CHECK DAMS 3 EE T *
- = = orokian; [ 3 X X F K K *4dq W
side j v v v " KEEXKELEE be ] 4
Slopes v V3 o W 3 XN X v
"“ *}‘Xj‘” HEFEFFXFEEEXEXEEH
- % K ¥k kX & ¥ A A B ek g g K F v
it -3 o 3 oF 3 3 3 3 3 K K o o [ WETLAND ¢ % %% y
/S S SN
bk
¥ ¥ oo o o k¥ ¥ k¥ 3 F F A K K K K K KA KA
b i i it e o S e e B S 8
i= viv v v oy v v ¥ v
j‘ Check Dams — Foritiay mé 1‘:#?,:- ¥ v oy vy \Pw » v Y ¥ ¥ v s v oo
Slope 1-2% =
fsmuan_f
8 «— ROADWAY —
PROFILE
PLAN VIEW
choad, shouder oo T
S — Check Dam 1 rg Year
Diaphragm B = —
Seasonal — 7 renan. 0 i 3 )
Water \water Table "j: _l_ . 78 :VETLAND :m\f‘
______________ nf A
oz v Min. E?nbaedmenl gég!ﬁgh [-
Wet swale typical section view S 21 SLOPE ORFLATTER
DCR Stormwater Design Spec No. 11 WATER TABLE (VARIABLE)
\—-V—NOTCHWEIR
. TN Mass TP Mass
. Design Runoff TN EMC TP EMC
Practice . Load Load
Level | Reduction | Removal Removal
Removal Removal
PROFILE
1 0 25 25 20 20
Wet Swales Wet swale with offline wetland, typical section view
2 0 35 35 40 40

DCR Stormwater Design Spec No. 11




Virginia Stormwater BMP Clearinghouse

Design Criteria

Table 11.2. Wet Swale Design Criteria

Level 1 Design (RR:0; TP:20; TN:25) Level 2 Design (RR:0; TP:40; TN:35)

Ty = [(1 inch)(Ry)(A)] f 12 — the volume reduced | Ty = [(1.25 inch)(Ry)(A)] / 12 — the volume reduced

by an upstream RR BMP by an upstream RR BMP

Swale slopes less than 2% : Swale slopes less than 1% i

On-line design Off-line swale cells

No planting Wetland planting within swale cells

Turf cover in buffer Trees within swale cells

T Wet Swales are generally recommended only for flat coastal plain conditions with a high water table.
A linear wetland is always preferred to a wet swale. However, check dams or other design features
that lower the effective longitudinal grade of the swale can by applied on steeper sites, to comply with
these criteria.

|llI
gig| EbE

Stormwater Functions Summary

Specification No. 11: Wet Swales (cont.)

Wet swale
Source: http://www.semcog.org/data/lid.report.cfm?lid=174

Table 11.1. Summary of Stormwater Functions Provided by Wet Swales

Stormwater Function

Level 1 Design

Level 2 Design

Annual Runoff Volume Reduction (RR) 0% 0%
Total Phosphorus (TP) EMC o .
Reduction1pby BMP Treatment Process 20% A0
Total Phosphorus (TP) Mass Load 4 7
Removal - ad%
- P
Total Nitrogen (TN) EMC Reduction’ by o o
BMP Treatment Process — —
Total Nitrogen (TN) Mass Load 25% 359

Removal

L' Wet swale

i

I Source: http://www.mortonroberts.com/suds.html

Channel Protection

Limited — reduced Time of Concentration (TOC); and
partial Channel Protection Velume (CPv) can be provided
above the Treatment Volume (Ty), within the allowable
maximum ponding depth.

Flood Mitigation

Limited — reduced TOC

1 Change in event mean concentration (EMC) through the practice.

Sources: CWP and CSN (2008), CWP, 2007




Virginia Stormwater BMP Clearinghouse

Specification No. 12: Filtering Practices

What is it?
Practices that capture and treat runoff through

an engineered storage media. May include:

Non-structural sand filters;
Surface sand filters;
Organic media filters;
Underground sand filters;
Perimeter sand filters; and
Proprietary media filters.

== =

Surface sand filter
Source: http://www.cityofsandy.com/index.asp

Access Grates

Inlet Pipe

Temporary
Ponding

Permanent
Pool

Sedimentation

Chamber
Submerged

Wall Filter

Chamber 3

(Sand) Underdrain

Debris Screen

{Gravel)

Qutlet

/ Pipe

. Design | Runoff | TNEmc | TNMaSS | rpgyc | TP Mass
Practice . Load Load
Level Reduction | Removal Removal
Removal Removal
Filtering 1 0 30 30 60 60
Practices 2 0 45 45 65 65

Proprietary media filters

Source (top): DCR Stormwater Design Spec No. 11

Source (bottom):
http://www.hiwtc.com/photo/products/11/00/69/6943.jpg
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Virginia Stormwater BMP Clearinghouse

Stormwater Functions Summary
Table 12.1. Summary of Stormwater Functions Provided by Filtering Practices

Stormwater Function Level 1 Design Level 2 Design
Annual Runoff Volume Reduction (RR) 0% 0%
Total Phosphorus (TP) EMC o o
Reduction1pby BMP Treatment Process Bk ——
'I;ctal Phosphorus (TP) Mass Load 60% 65%
emoval
Total Nitrogen (TN) EMC Reduction” by 5 o
BMP Treatment Process s S
'I;otal Nitrogen (TN) Mass Load 30% 45%
emoval
Channel Protection Limited — The Treatment Volume diverted off-line into a

storage facility for treatment can be used to calculate a
Curve Number (CN) Adjustment.

Flood Mitigation None. Most filtering practices are off-line and do not
materially change peak discharges.

: Change in the event mean concentration (EMC) through the practice .

Sources: CWP and CSN (2008), CWP, 2007

Design Criteria

Table 12.2. Filtering Practice Design Guidance

Level 1 Design (RR:0; TP:60; TN:30) Level 2 Design (RR:0 '; TP:65; TN:45)
Ty = [(1.0)(Rv)(A)] / 12 — the volume reduced by | Ty = [(1.25)(RvV)(A)] / 12 — the volume reduced by
an upstream BMP an upstream BMP
One cell design Two cell design
Sand media Sand media with an organic layer
Contributing Drainage Area (CDA) contains | CDA is nearly 100% impervious
pervious area

Specification No. 12: Filtering Practices (cont.)

g May be increased if the 2™ cell is utilized for infiltration in accordance with Stormwater Design
Specification No. 8 (Infiltration) or Stormwater Design Specification No. 9 (Bioretention). The Runoff
Reduction {RR) credit should be proportional to the fraction of the Ty designed to be infiltrated.

Sand filter below turf

Source:

http://www.kiama.nsw.gov.au/
environmental-services/water.html 66



Virginia Stormwater BMP Clearinghouse

Specification No. 13: Constructed Wetlands

What is it?

Shallow depressions that promote evapotranspiration and microbial activity. May be:
Constructed wetland basin;
Multi-cell wetland; and
Pond/wetland combinations.
(Extended detention wetlands and pocket wetlands are no longer allowed.)

M , anemative Control Structure
Mo/ (see Figures 22 and 23)

~*" Control Structure
in Embankment

Constructed wetland typical section and plan views
DCR Stormwater Design Spec No. 13

f

. Design | Runoff | TNEMC | TNM3SS | 1p gy | TP Mass
Practice . Load Load
Level | Reduction | Removal Removal
Removal Removal
Constructed 1 0% 25 25 50 50
Wetlands 2 0% 55 55 75 75

Constructed wetland in Loudoun County
Source: Wetland Studies and Solutions, Inc.

*Note that constructed wetlands do not receive
runoff reduction credit, but Level 2 extended 67
detention ponds do! (See slide 70)



Virginia Stormwater BMP Clearinghouse

Specification No. 13: Constructed Wetlands (cont.)

Design Criteria

Constructed wetland in Fairfax County
Source: Wetland Studies and Solutions, Inc.

Stormwater Functions Summary

Table 13.2. Constructed Wetland Design Criteria

Level 1 Design (RR:0; TP:50; TN:25)

Level Z Design (RR:0; TP:75; TN:55)

T, = [R)(A)] / 12 — the volume reduced by an
upstream BMP

Tv =[1.5(R,)(A)] f 12 — the volume reduced by an
upstream BMP

Single cell (with a forebay)"

Multiple cells or @ multi-cell pondAvetland
combination’

Extended Detention (ED) for T, (24 hr)3 or
Detention storage (up to 12 inches) above the
welland pool for channel protection (1-year storm
event)

No ED. (limited water surface fluctuations
allowed during the 1-inch and 1-year storm
events —refer to Section 6)

Uniform wetland depth

Diverse microtopography with varying depths

Mean wetland depth is rrore than 1 fool

Mean wetland depth is fess than 1 foot

The surface area of the wetland is fess than 3%
of the contributing drainage area (CDA).

The surface area of the wetland is more than 3%
of the CDA.

Length/Width ratio OR Flow path = 2:1 or more

LengthAidth ratio OR Flow path = 3:1 or more

Length of shortest flow path/overall length = 0.5
or more

Length of shortest flow path/overall length = 0.8
or more

Emergent wetland design

Mixed wetland design

Table 13.1. Summary of Stormwater Functions Provided by Constructed Weriands

Stomwater Function

Level 1 Design

Level 2 Design

Removal

Annual Runoff Yolume Reduction {RR) 0% 0%
Total Phosphorus (TP) EMC A y

Reduction1pby BMP Treatment Process A% i
Total Phosphorus {TP) Mass Load 50% 759
Removal 2 2
Total Nitrogen (TN} EMC Reduction” by 5 G

BMP Treatment Process 230 Al
Total Nitrogen (TN) Mass Load 259, 55,

Channel Protection

Yes. Up to 1 foot of detention storage volume can be
provided above the normal pool.

Flood Mitigation

Yes. Flood control storage can be provided above the

nommal pool.

L Change in event mean concentration (EMC) through the practice.

Sources: CVWP and CSN (2008), C\WP, 2007

Constructed wetland in Fairfax County
Source: Wetland Studies and Solutions, Inc.




Virginia Stormwater BMP Clearinghouse

Specification No. 14: Wet Ponds

What is it?
A permanent pool of standing water that promotes settling, biological uptake, and microbial
activity. Should be considered only after all other upland runoff reduction options.

May be designed as:
* Asingle cell;

Wet extended detention;

* A multi-cell wet pond; or

e A pond/wetland combination.

PLANVIEW

Wet pond typical plan view
DCR Stormwater Design Spec No. 14

Wet pond in Fairfax County
Source: Wetland Studies and Solutions, Inc.

: Design | Runoff | TNEMC | TNMaSS | 1p gy | TP Mass
Practice . Load Load
Level | Reduction | Removal Removal
Removal Removal
1 0 30 30 50 50
Wet Ponds
2 0 40 40 75 75

69



Virginia Stormwater BMP Clearinghouse

Specification No. 14:

Wet Ponds (cont.)

Design Criteria

3 i

Wet pond in Fairfax County
Source: Wetland Studies and Solutions, Inc.

Stormwater Functions Summary

Table 14.2. Level 1 and 2 Wet Pond Design Guidance

Level 1 Design (RR:0 '; TP: 50 7; TN:20 °)

Level 2 Design (RR:0 '; TP: 75 %; TN:40 °)

Tv = [(1.0)(Rv)(A)12] — volume reduced by
upstream BMP

Tv =[1.5 (Rv) (A) 12] — volume reduced by upstream
BMP

Single Peond Cell (with forebay)

Wet ED* (24 hr) and/or a Multiple Cell Design >

Length/Width ratio OR Flow path = 2:1 or
more

Length/Width ratio OR Flow path = 3:1 or more

Length of shortest flow path / overall length %
= 0.5 or more

Length of shortest flow path/overall length® = 0.8 or
more

Standard aquatic benches

Wetlands more than 10% of pond area

Turf in pond buffers

Pond landscaping to discourage geese

Mo Internal Pond Mechanisms

Aeration (preferably bubblers that extend to or near
the bottom or floating islands

Table 14.1. Summary of Stormwater Functions Provided by Wef Ponds

T Runoff volume reduction can be computed for wet ponds designed for water reuse and upland

irrigation.

2 Extended Detention may be provided to meet a maximum of 50% of the Treatment Volume; Refer to

Design Specification 15 for ED design

* At least three internal cells must be included, including the forebay
* In the case of multi ple inflows, the flow path is measured from the dominant inflows (that comprise

80% or more of the total pond inflow)

5Dueto groundwater influence, slightly lower TP and TN removal rates in coastal plain (Section 7.2)

and CSN Technical Bulletin No. 2. (2009)

Sources: CSN (2009), CWP and CSN (2008), CWP (2007)

Stormwater Function Level 1 Design Level 2 Design
Annual Runoff Volume Reduction
1 0% 0%
(RR)
Total Phos;horus {TP) EMC
Reduction™ by BMP Treatment 50% (45%) . 75% (65%) 3
Process
Total Phosphorus (TP) Mass Load 3 3
Removal 50% (45%) 75% (65%)
= 7%
Total Nitrogen (TN) EMC Reduction o oy 3 G a3
by BMP Treatment Process 30% (20%) 40% (30%)
Total Nitrogen (TN) Mass Load 3 3
Removal gen (TN) 30% (20%) 40% (30%)

Channel Protection pool.

Yes, detention storage can be provided above the permanent

Flood Mitigation
permanent pool.

Yes, flood control storage can be provided above the

T Runoff Reduction rates for ponds used for year round irrigation can be determined through a water
budget computation.
Change in event mean concentration (EMC) through the practice.
Note that EMC removal rate is slightly lower in the coastal plain if the wet pond is influenced by

groundwater. See Section 6.2 of this design specification and CSN Technical Bulletin No. 2. (2009).

Sources: CWP and CSN (2008), CWP (2007)
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Virginia Stormwater BMP Clearinghouse
Specification No. 15: Extended Detention Ponds

A temporary (12- to 24-hour) pool of standing water that promotes settling after rain events.
Should be considered only after all other upland runoff reduction options have been considered.

Typical design applications include:

* Micropool extended detention;

 Wet extended detention; or

e Limited extended detention for constructed wetlands.

FOREBAY
FEFER TO TASLE 14.2 FOR
VOLLIME REQUIREMENTS)

FEQUIREMENTE, |7

ABILE 15.2
ND L2 RECH JENTS
\
LANDSCAFING (REFEA TOD _\/(/f-
ABLE 15.2 FOR L1 AND L2 = | &7%)

PLAM VIEW EXTENDED DETENTION POND

Extended detention in Fairfax County
Source: Wetland Studies and Solutions, Inc.

Extended detention pond typical plan view
DCR Stormwater Design Spec No. 15

: Design | Runoff | TNEMC | TN M3SS | rpgyc | TP Mass
Practice . Load Load
Level | Reduction | Removal Removal
Removal Removal
Extended 1 0 10 10 15 15 71
Detention Ponds 2 15 10 24 15 31

T



Virginia Stormwater BMP Clearinghouse

Stormwater Functions Summary

Specification No. 15: Extended Detention Ponds (cont.)

Table 15.1. Summary of Stormwater Functions Provided by ED Ponds
Stormwater Function Level 1 Design Level 2 Design
Annual Runoff Volume Reduction (RR) 0% 15%
Total Phosphorus (TP) EMC i
Reductionrby BMP Treatment Process A9 Lk
Total Phosphorus (TP) Mass Load o
Ramoval 15% 31%
- == |

Total Nitrogen (TN) EMC Reduction by o,
BMP Treatment Process 102 L
Total Nitrogen (TN) Mass Load R —
Raiioual 10% 24%
ch | Protecti Yes; storage volume can be provided to accommodate the

i full Channel Protection Volume (CPy)
Flood Mitigation Yes;_ flood control storag_e can be provided above the

maximum extended detention volume

L Change in event mean concentration (EMC) through the practice. The actual nutrient mass load
removed is the product of the removal rate and the runoff reduction rate (see Table 1 in the /niroduction
ta the New Virginia Stormwater Design Specifications).

Sources: CWP and CSN (2008); CWP (2007)

| Design Criteria

Table 15.2. Extended Detention (ED) Pond Criteria

Level 1 Design (RR:0; TP:15; TN:10)

Level 2 Design (RR:15; TP:15; TN:10)

Ty =[(1.0) (Rv) (A)] /12 — the volume reduced by
an upstream BMP

Ty =[(1.25) (Ry) (A)] / 12 — the volume reduced
by an upstream BMP

A minumum of 15% of the Ty in the permanent
pool (forebay, micropool)

A minumum of 40% of Ty in the permanent pool
(forebay, micropool, or deep pool, or wetlands)

Length/Width ratio OR flow path = 2:1 or more

Length/Width ratio OR flow path = 3:1 or more

Length of the shortest flow path / overall length =
0.4 or more

Length of the shortest flow path / overall length =
0.7 or more

Average Ty ED time = 24 hours or less

Average Ty ED time = 36 hours

Vertical Ty ED fluctuation exceeds 4 feet

Maximum vertical Ty ED limit of 4 feet

Turf cover on floor

Trees and wetlands in the planting plan

Forebay and micropool

Incudes additional cells or features (deep pools,
wetlands, etc.) Refer to Section 5

CDA is less than 10 acres

CDA is greater than 10 acres

Extended detention in Fairfax County
Source: Wetland Studies and Solutions, Inc.
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Virginia Runoff Reduction Method
(VRRM)

Background:

Created by the Center for Watershed Protection and the Chesapeake Stormwater Network
with funding from the National Fish and Wildlife Foundation and the Virginia DCR.

Spreadsheets and documentation available at: http://www.dcr.virginia.gov/Ir2f.shtml|
(Most recent revision: March 28, 2011)

4VAC50-60-65.A: “Compliance with the water quality design criteria set out in subdivisions
1 and 2 of 4VAC50-60-63 shall be determined by utilizing the Virginia Runoff Reduction Method
or another equivalent methodology that is approved by the board.”

What does VRRM do?

e VRRM calculates runoff volume and TP load based on land cover and soils;

e User inputs BMP types and coverage;

* VRRM calculates the runoff volume reduction and TP load reduction from BMP coverage; and

* VRRM calculates the adjusted curve numbers for BMP sizing; however, it does not perform
the 1-year storm sizing calculations.

~ W7
*”“—"F““—’ 74
1 Solutions: Lnt?
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Virginia Runoff Reduction Method

(VRRM)

Process Steps:

1. Enter project and land cover information.
(“Site Data” tab)

2. Apply BMPs to the site and review phosphorus load reductions.
Continue to add additional BMPs until phosphorus load reduction
requirements are met.

(“D.A.” and “Water Quality Compliance” tabs)

3. Determine allowable peak flow using adjusted curve numbers.

(“Channel and Flood Protection” tab)

Legend for the following VRRM slides:

Data input cells Constant values Calculated values
(non-editable)

/it L V. 77, f
- : f: .__;':_-;_',"' y i i
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Stud;, x < \\\"-‘.
tes and Solutions




VRRM Overview

Site Data Tab

Virginia Runoff Reduction Method Worksheet -- Revised 03/25/2011 "

Data Input:

Site Data | ; / Enter project name/date
Project Name: ESI Class Example (WSSI Office Site) I
Date: March 22, 2012
T
data input cells Data Input:
calculation cells L
constant values 1
I __ | | Enter annual rainfall
1. Post-Development Project & Land Cover Information /
Constants
Annual Rainfall {inches) FEN Pz Data Input,'
Target Rainfall Event (inches) 1 ﬂ ) | |
Phosph EMC (mgiL) 0. Nitr EMC (mg/L), 1.86 = -
T_a:gs; Iglzizphorusrqgrgel Load (Ib/acrefyr) 041 o et Enter pOSt deVEIOpment' pre BMP
P 0320 land cover data. Note that:
Land C { H
andover facres A soils B Soils C Soils D Soils Totals ° ”ForeSt/open Space” InCIUdeS
F L0 S ¢ ) — undisturbed, e g
pforﬁ:cledpgres?:;:ena:;ie oru:ef:r:st:dlan 0.00 0.00 0.25 1.86 211 plantEd meadOW WhICh WI” not
M d Turf ( ) — disturbed, graded fo H H .
wids oroiier af 5 be mvaechuanaged | 0 000 00 129 m N\ be mowed or maintained;
Impervious Cover (acres X 0. 0. 13l 1.94 o
. . = Total 506 e “Managed Turf” includes areas to
[RV Coetmcients be mowed; and
A soils B Soils C Soils D Soils . .
Forest/Open Space 002 0.03 0.04 0.06 e “Impervious cover” includes
Managed Turf 015 0.20 0.22 0.25
[impervious Cover 095 095 095 0.95 BMPs on surfaces that would
otherwise be impervious (e.g.,
Land Cover Summa 1 1
Forest/Open Space Cr:ver{acresj 241 ] green rOOf’ perVIOUS parklng')
Weighted Rv{forest 0.0 | i
pleighted Ry(lorest) = See VRRM documentation, Table 1.
Managed Turf Cover (acres) 1.0 |
Weighted Rv{turf) 0.25
% Managed Turf EgrI
I ious Cover (acres) 1.94
Ry(mpervous) 755 Calculated:
% Impenvious 38
Total Site A 5]
T —— ;% Post-development loads and
Post- £ i T r . .
e o | | /|| | required reduction
feet) rﬁ J .
Post_Development Load (TP) (Ibfyr) | | 5.03 Post_Development Load (TN) (Ibfyr)] . 76
Total Load (TF) Reduction Required (Ibfyr) 2 | |
L




VRRM Overview

D.A. Tabs— Constant Values

[Drainage Area A Land Cover (acres] T F
A soils |B Soils C Soils D Sails Totals

ForestiOpen Space {acres) - undisturbed,

protected forestiopen space of reforested

land G.00 0.00 025 186 211

Managed Turf (acres) - disturbed, graded

Tor yards or other turf to be mowed/managed Q00 0.00 000 103 103

Impervious Cover [aores) ] 0.00 0.00 1.94 1.594
Total 508

Apply Runoff Reduction Practices to Reduce Treatment Volume & Post-Development Load in Drainage Area A

Untreated

4.a. Grass Channel A/B Soils (Spec #3)

!

4.b Grass Channel C/D Sails (Spec #3)

Soils as per specs {see Spec #4)

4.c. Grass Channel with Compost Amended|

remaining volume)

Remaining Lo phoru Phosph
\Volume from Upstream [Runoff Runoff Volur e |Phosphorus |t ym Upstream  |Load to Practice By |Ph D to be
Unit Description of Credit Credit C edit Area {acres) |RR Practice Reduction i (%) |F t Practices (lbs)|(Ibs.] Practice {Ibs.) |Load (Ibs. Em|
1. Vegetated Roof
1.a Vegetated Roof #1 (Spec #5) acres of green roal’ 45% runalf volume reduction 045 000 1] Q Q.00 0.00] 0 .00} 0.00]
1.b. Vegelated Rool #2 {Spec #5; acres of green rool [ 60% runoffvolume reduction | 0.60 | | 000 | 0 | [¢] | 1] B 1) | | 0.00] 0.00] 0.00] 0.00) |
|
2.2 Simple Disconnection to A/B Soils 0% runoff valume reduction fo
(Spec#1) i ervious acres disconnectesd Ireated area 050 0.00 0 a o] 0 0.00 D00 0.00] 0.00)
2.b. Simple Disconnection to G/D Soils 25% runoff volume reduction fo
(Spec#) i ervious acres disconnected treated area 025 0.00 0 *] a ] 0.00 0,00 0.00] 0.00
2.6. To Sail Amended Filter Path as per 0% runoff valume reduction fo
specifications (existing C/D solls) (Spec #4) | i efvious acres disconnected treated area 0.50 0.00 - - a 0 0.00) 000 0.00] 0.00)
2.d To Dry Well or French Crain #1 50% runoff volume reduction fo o
(Microinfilration #1) (Spec #8 | in wervious acres disconnected treated area 0.50 0.00 Cons tan t. a 25 0.00) 0.00 0.00] 0.00
2.2 To Dry Well or French Crain #2 (Micro- 90% runoff velume reduction fo . t t
Infilration #2) (Spec #8) | In ervious acres disconnected treated area 080 000 T P R d t a 25 0.00 C O
2.1. To Rain Garden #1 (Micro-Bioretention e u C I O n ons an °
#1) (Spec#9) i iervious ac =d 040 0.00 o 25 0.00 . .
2.9. Te Rain Garden #2 (Micro-Bioretention onfo . E M C R d t
42) (Specto) |in ervious ac Constant: 080 v Via VOIume 0 50 0.00 eauction via
2.h To Rainwater Harvesting (Spec #5 | npervious sign 0oo 4 a o 0.00
2.1 Ta Starmwater Planter (Urban onfo . h . I
Bioretention) {Spes #5, Appendi A) in en_sac BM P Type 0.40 . _om red UCtlon a 25 anol C em |Ca processes
3. Permcabte Paverent - I I D S ; .
ac s of permeable pavement + (reductlon ta ken on

2.2 Permeable Pavement #1 (Spec #7) ac 28 of "external” {upgradient)

Impervious pavement 45% runoff volume reduction 045 0.00 o 25 4.00
3.b. Permeable Pavement #2 (Spec #7) a e of permeable pavement 75% runaff volume reduction 07s fo | 4] 25 0.00]

5a Dry Swale#1 (Spec #10)

5. Dry Swale

im

5. Dry Swale 42 (Spec #10)

IPENVIOUS acres draining to
grass channels 20% runcff volume reduction 020 {s5ua] o o] a 15 Q.00 0.00 0.00| 0.00
Jrf acres draining to grass
channels 20% runoff velume reduction 020 0.00 0 a a 158 0.00] 0.00 0.00] 0.00
IPErvioUs acres draining 1o
grass channels. 10% runctf velume reduction 010 0.00 o a a 15 .00 000, .00} 0.00)
urf acres draining to grass
channels 10% runcff volume reduction 010 000 a a a 15 0.00 000 0.00} 000
IRENVIOUS aicres draining to
grags channels 30% runoff volume reduction 0.30 000 0 ¢} a 15 0.00) 0.00] 0.0 0.00]
It geres draining to grass
channels 30% runoff volume reduction 030 000 D g a 15 0.00] 000, 0.00] 0.00
|
2rvious acres draining to dry|
swvale 40% runcf volume reduction 040 000 o a a 20 .00 D00, 0.00} 0.00;
acres draining to dry swale 40% runcif volume reduction 040 000 i) a a 20 G.00 DoY) 0.00] D.00)
2nvious acres draining 1o dry|
swale B0% runcif volume reduction 00 0og i) a a 40 0.00 D00 0.00] 0en|
acres draining to dry swale B0% runcf volume reduction 060 000 a a a 40 0.00 U,;j 0.00] 0.00)

-




VRRM Overview

D.A. Tabs — User Input

rainage Area A Land Cover (acres) i F | [
A soils |B Soils C Soils D Sails Totals
ForestiOpen Space {acres) - undisturbed,
protected forestiopen space of reforested D t I t o
land .00 0.00 028 186 211 a a n u .
Managed Turf (acres) - disturbed, graded . H
o e o et e esasmasags R . e o 10 nter drainage area acreage (whic
Impervious Cover (acres) ] 0.00 0.00 184 154
Total 508 .
Apply Runoff R 1 Practices to Reduce Treatment Volume & Post-Dev 1t Load in D! Area A a e u a e o a ro ec a rea
Remaining | phoru Ph
lume from Upstream |Runoff Runoff Volume [Phosphorus [from Upstream  |Load to Practice By |Phosph D to be
[Credit Unit Description of Credit Credit Credit Area {acres) Practice Reduction Efficiency (%) |RR Practices (Ibs)|(lbs. Practice {Ibs.) |Load (Ibs. Empl:
1.a Vegetated Roof #1 (Spec #5) acres of green roal’ 45% runalf volume reduction 045 000 0 Q 1] Q 0.00} 0.00] 0 .00}
1. Vegelaled Rool #2 (Spec #5 | acres of green rool [ 60% runoffvolume reduction | [ B 000 1l | 0 [¢] | a 1) | 0.00] 0.00] 0.00]
|
Rooftop D o e 0
2.2 Simple Disconnection to A/B Soils 0% runoff valume reduction for
(Spec#1) impervious acres disconnectesd Ireated area 050 000 0 a o] 0 0.00 D00 0.00] 0|
2.b. Simple Disconnection to G/D Soils 25% runoff volume reduction for
Spec#1) impervious acres disconnected treated area 025 0.00 0 *] a ] 0.00 0,00 0.00]
2.6. To Sail Amended Filter Path as per 0% runoff valume reduction for
specifications (existing C/D solls) (Spec #4) | impervious acres disconnected treated area 0.50 0.00 0 D t In t o 000, 0.00] 0|
2.d To Dry Well or French Crain #1 50% runoff volume reduction for a a p u L
(Microinfilration #1) (S impervious acres disconnected treated area 0.50 0.00 0 0.00 0.00]
2.2 To Dry Well or French Drain #2 (Micro- 90% runoff velume reduction for ’ E n t er area t rea t e d
Infilration #2) (Spec #8) impervious acres disconnected treated area 080 000 0 0.00] 0 00|
2.1. To Rain Garden #1 (Micro-Bioretention
#1) (Spec#9) impervious acres disconnected 40% of volume captured 0.40 0.00 0 b e a C h B M P t e 000 0.00]
2.9. Te Rain Garden #2 (Micro-Bioretention 80% runoff volurne reduction for
42) (Spec#9 impervious acres disconnected freated area 0.80 0.00 o 0.00, 0.00 0|
2.h To Rainwater Harvesting (Spec #5 IMpervicus acres captured based on tank size and design 0oo 0.00 J 5} a o T (SR 0.00] a.og 0]
2.1 Ta Starmwater Planter (Urban 40% runoff valume reduction for
Bioretention) {Spes #5, Appendi A) impervious acres disconnected treated area 0.40 000 ] o a 25 000 000 0.00]
T v
3. Permeable Pavernent
acres of permeable pavement +
2.2 Permeable Pavement #1 (Spec #7) acres of "external” {upgradient)
impervious pavement 45% runoff volume reduction 045 0.00 o a 25 4.00 0.00 0.00] o)
3.b. Permeable Pavement #2 (Spec #7) acres of permeable pavement 75% runaff volume reduction 07s I fo | I 0 0 0 25 0.00] 0.00, 0.00] 0
|
4. Grass Channel
impervious acres draining to
° o "
42 Grass Charnel A/B Soils (Spec #3) grass cha.nne\s 20% runcff volume reduction 020 {s5ua] o 0.00] 0.00] o0
turf acres draining to grass
channels 20% runoff volume reduciion 020 000 0 D I . 0.00 0.00) 0|
TMPErvicUs acres draining 1o ata nput-
4.b Grass Channel C/D Scils (Spec #3) — xgr:ssjr:r‘v:;get\;gm? 10% runctf velume reduction 010 0.00 o 0.00) o0
shanri %8 mctbcume vesution 010 om 0 Enter downstream o 000 0
IMpervious acres dralmng to
4.c. Grass Channel with Compast Amended| Qrass channels. 30% runeff volume reduction 030 000 o o 0.00 0.00] o0
Soils as per specs (see Spec #4) turf acres draining to grass t t m t f
channels 30% runoff volume reduction 0.30 000 D re a e n ? I a n yl D 0D] 000 0|
|
impervious acres draining o dry V I a d ro p d OW n e n u
5Sa Dry Swale#1 (Spec #10) swvale 40% runcf volume reduction 040 000 o D00, 0.00}
turf aores draining to dry swale | 40% runoff volume redusiion 040 N 000 | | 0 o o LAl p— 0.00] 0.00]
TMPErvious acres draning 1o ary| I I
5. Dry Swale 42 (Spec #10) swale B0% runcif volume reduction 00 0og i) a a 40 0.00 0,00 0.001 o0
turf acres draining to dry swale B0% runcf volume reduction 060 I 000 I 0 a a 40 0.00 D00 0.00] D)




VRRM Overview

Water Quality Compliance Tab

Site Results

Calculated:
Static values based
on Land Cover tab

Calculated:
Values will change
as BMPs are applied

Phosphorous

TOTAL TREATMENT VOLUME (cf 7,999
TOTAL PHOSPHOROUS LOAD REDUCTION REQUIRED (LB/YEAR 2.94
RUNOFF REDUCTION ( 0
PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR 0.00
ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Ib/yr] 5.03
REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDE 2.94

Nitrogen (for information purposes)
TOTAL TREATMENT VOLUME (cf) 7,999
RUNOFF REDUCTION (cf) 0
NITROGEN LOAD REDUCTION ACHIEVED (LB/YR) 0.00
ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 35.95
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VRRM Overview

Channel and Flood Protection Tab

Data Input:

1-year storm

2-year storm

10-year storm

Target Rainfall Event (in)

270

335

515

Drainage Area A

Enter rainfall
values

Drainage Area (acres)

Runoff Reduction Volume (cf)

Drainage Area B

Drainage Area (acres)

Runoff Reduction Volume (cf)

Drainage Area C

Drainage Area (acres)

Runoff Reduction Volume (cf)

Calculated:
Values will change
as BMPs are applied

Drainage Area D

Drainage Area (acres)

Runoff Reduction Volume (cf)

Drainage Area E

Drainage Area (acres) |

Runoff Reduction Volume (cf)
|

Based on the use of Runoff Reduction practices in the various drainage areas, the spreadsheet calculates an adjusted Vdeveloped and adjusted Curve Number.

Drainage Area A A soils B Soils C Soils D Soils

Forest/Open Space -- undisturbed, protected forest/open space Area (acres) 0.0 0.0 03 19
or reforested land CN 30 55 70 77
Managed Turf -- disturbed, graded for yards or other turf to be Area (acres) 0.0 0.0 0.0 1.0
mowed/managed CN 39 61 74 80
Area (acres) 0.0 00 0.0 19
Impervious Cover CN 98 98 98 98

Weighted CN |

._ & | Calculated:
1-year storm |2-year storm 10-year storm P
RVpeveiaped {in) With no Runoff Reduction 1.36 1.91 3.54 i
RVpevetoped (i) With Runoff Reducti , ; : Ad] usted CN
| |Adjusted CN | 85| 85 85

Using the adjusted curve number (CN) for each drainage area, calculate the peak discharge for the
1-, 2-, and 10-year storms. Compare the peak discharge to the allowable rates described in the
Virginia Stormwater Management Program permit regulations (4VAC 50-60-66(b) 4VAC 50-60-66(c)).
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VRRM Overview
Channel Protection using TR-55 and Energy Balance

To meet the requirements of 4VAC50-60-66.B (Channel Protection), use the adjusted curve numbers from the
VRRM to determine the pre- and post-development runoff volume and the pre-development runoff rate.

RVpre/post-developed =QxA / 12
Where:
RV = Runoff volume (cf)
A = Drainage area (sf)
Qepth = Runoff (in)
= (P-1)?
(P-1,) +S
Where:
P = Precipitation (in)
1, = Initial abstraction
=0.2S
S = (1000 /CN)-10
Qpre-developed = qu X Am X Qdepth X Fp
Where:

Qure-developed = Peak discharge (cfs)
d, = Unit peak discharge (csm/in)
(Determined using the graphical peak discharge method or tabular hydrograph method. See TR-55.)
A = Drainage area (mi?)
Qepth = Runoff (in)
F

0 = Pond and swamp adjustment factor
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VRRM Overview

Channel Protection using TR-55 and Energy Balance

Solve for the allowable Qg ¢/opeq USiNg the Energy Balance method (4VAC50-60-66.B) and the values
calculated on the previous slide.

Allowable 1-yr, 24-hr peak flow rate per 4VAC50-60-66.8B:

Qdeve/oped < 0.8 x Qpre-developed X R Vpre-developed / R Vdeve/oped
Queveloped Shall not be required to be less than [Qg, esreq X RVorested] / RVieveroped

Qdeve/oped must be < Qpre-developed
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VRRM Example

Introduction

This example is based on WSSI’s office site. However, this is a simplified analysis
for VRRM process illustration purposes only.

Note that the site’s drainage areas have been changed, and not all practices
currently on the ground at WSSI are represented herein.
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VRRM Example

Initial Design Information: Base Land Cover

HSG D Soils

HSG C Soils

Existing
wetlands/streams
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VRRM Example

Initial Design Information: Pre-BMP Plan

Impervious surfaces
1.94 ac

Turf surfaces
1.03 ac

-

Unmanaged surfaces
2.11 ac
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VRRM Example

Step 1: Enter Project and Land Cover Information

Virginia Runoff Reduction Method Worksheet -- Revised 03/25/2011
Site Data

Project Name: ESI Class Example (WSSI Office Site)
Date: March 22, 2012

I
data input cells

lculation cells
constant values

1. Post-Development Project & Land Cover Information

Constants

Annual Rainfall (inches) 43

Target Rainfall Event (inches) 1.00 Enter land cover data

Phosphorus EMC (mall) 0.26 Nitrogen EMC (mag/L)| 1.86

Target Phosphorus Target Load {Ib/acrefyr) 041
Pj 0.90

Land Cover (acres)

A soils B Soils C Soils D Soils Totals

Forest/Open Space (acres) — undisturbed,

protected forest/open space or reforested la ml 0.00 0.00 0.15 1.86 2.01

Managed Turf (acres) — disturbed, graded forI

wvards or other turf to be mowed/imanaged 0.00 0.00 0.52 0.00 .52

Impervious Cover (acres) | | 0.00 0.00 0.00 255 55
L § Total 5.08

enl
n|

|Rv Coefiicients

A soils B Soils C Soils D Soils
Forest/Open Space .02 0.03 0.04 .05
|Managed Turf 15 0.20 0.22 .25
mpenvious Cover 85 0.95 0.95 .95

Land Cover Summary
Forest/Open Space Cover (acres) 201
Weighted Rv{forest) 0.
% Farest 4
Managed Turf Cover (acres) 0.52]
[Weighted Ry(turf) 0.22]

% Managed Turf i)

mpervious Cover (Geres 25 Post-development TP load:

Rv({impervious) 0.95

:‘L:;p;irtv;‘)::ea (acres) 5!.)(?; 6 . O 1 | b/y r

Site Rv 052]
Post-Development Treatment Volume (acre-fty D.Z.'!‘I / Re q uire d T P re d u Ct ion:
Post-Development Treatment volume (cubic
feet)
Post_Development Load (TN} (Ib. 43.0 3 . 93 | b/yr

Total Load (TF) Reduction Required {Ib/yr)

Post_Development Load (TP) (Ib/yr)
[ [
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VRRM Example
Step 2: Apply BMPs- Level 1 Pervious Pavement

L1 Pervious pavement
0.67 ac

0.85 “up-gradient”
impervious acres
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VRRM Example
Step 2 (cont): Apply BMPs; Review Phosphorus Reduction

acres of permeable pavement +
3 a Permeable Pavement #1 (Spec #7) acres of “external” (upgradient)

1.52 | - 0 2359 2883 25 0.00] 3.29] 1.93| 1.36]

S Pormest Pareme 32 5555 | e ot emestiepevern |~ 75% ot oune easscn a7 — SN A 2 ] 5 T ST -
——
D.A. Tab:
Enter permeable
pavement acreage
f.ififh?,ﬂff Water Quality Compliance Tab:
TOTAL PHOSPHOROUS LOAD RL%L%I}Eﬁ;gﬁr;E\ﬁtgmiﬁ; 9’35:: TP redUCtion aChieved Wlth
[ RUNOFF REDUCTION (cf) 2359 ]/ pervious pavement:
! PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR) 1.93! 193 Ib/yr
ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Ibfyr) 4.08
REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDED 2.00

Remaining required
Nitrogen (for information purposes)

TOTAL TREATMENT VOLUME (cf) 9,568 TP red u Ctlo n:
2.00 Ib/yr
RUNOFF REDUCTION (cf) 2359
NITROGEN LOAD REDUCTION ACHIEVED (LB/YR) 13.83
ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 29.18
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VRRM Example
Step 2 (cont): Apply BMPs- Level 1 Bioretention

L1 Pervious pavement
0.67 ac

0.85 “up-gradient”
impervious acres

L1 Bioretention
0.17 “up-gradient”
impervious acres

0.25 ”up—gradient”/
turf/impervious acres
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VRRM Example
Step 2 (cont): Apply BMPs; Review Phosphorus Reduction

6. Bioretention

6.2 Bioretention #1 or Urban Bioretention lmPEWID;JIZZC!;TI:;EINHQ & 40% runoff volume reduction 0.40 | 017 0 234 352 25 0.00] 0.37] 0.20] 0.17]
(Spec #9) turf acres draining to |
bioretention 40% runoff volume reduction 0.40 028 0 93 139 25 0.00] 0.15) 0.08] 0.07]
impervious acres draining to
6.b. Bioretention #2 (Spec #9) i . bioretention ¢ 80% runoff volume reduction 080 | 0.00 a 1] 50 0.00] 0.00] ] 0.00]
" abi::;:’ri;g;\ng e 80% runoff volume reduction 0.80 l 0.00 0 0 0 50 0.00] 0.00] D.ﬂ 0.00]
D.A. Tab:
Enter bioretention
watershed acreage
Site Results i ) )
Phosphorous l Water Quality Compliance Tab:
TOTAL TREATMENT VOLUME (cf) 9,568|| . . :
TOTAL PHOSPHOROUS LOAD REDUCTION REQUIRED (LB/YEAR) 3.63|| TP reduction achieved with
1l .
I RUNOFF REDUCTION (cf) 26&6?]/ pervious pavement and
l PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR) 2.21 bioretention:
ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Iblyr) 3.80 2.211b /yr
REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDED 1.71
Remaining required
Nitragen (for information purposes) .
TOTAL TREATMENT VOLUME (cf) 9,568| TP reduction:
1.71 Ib/yr
RUNOFF REDUCTION (cf) 2686|
NITROGEN LOAD REDUCTION ACHIEVED (LB/YR) 16.18|
ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 26.83|
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VRRM Example
Step 2 (cont): Apply BMPs- Rainwater Harvesting

L1 Pervious pavement
0.67 ac

0.85 “up-gradient”
impervious acres

L1 Bioretention
0.17 “up-gradient”
impervious acres

0.25 ”up—gradient”/
turf/impervious acres

Harvesting
0.59 roof acres
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VRRM Example
Apply BMPs- Rainwater Harvesting Spreadsheet

Input

REGIONAL LOCATION —

'What region will the rainwater harvesting system be located closest to? 2

(click drop down menu in green on the right for directions to appear)

ROOF AREA

How big is the roof footprint (in sf)? 25,700

TRRIGATION i ff
'What is the daily demand for irrigation in gallons? (if you do not know the daily E nte r Wate r u S a ge D ete r m I n e r u n 0
demand, use the next two questions to generate an estimated demand) 0 o o . .

How big is the area to irrigate? 30,500 |nfo rmatlon red uctlon Cred |t

How many inches per week of irrigation are needed? 1.00

What day of the year does irrigation start? 120 o e
'What day of the year does irrigation end? 270 b a Se d 0 n C I Ste rn S I Ze
Total daily irvigation demand (gallons) 2701

INDOOR DEMAND - FLUSING TOILETS/URINALS

‘Water closet and urinal use (if only toilets are used, set urinals =0)

How many people will use the building? 120 7T o : 2 i T

How much water does each urinal use? (set to 0, if no urinal) 0,00 Runoff Reduction Volume Summar_\ : Results usin l:lplt:ltl(}l'l data <=1

How much water does each toilet use? 1.10

Calculated daily water closet and urinal demand in gallons (if this has already been -

calculated, use this instead of the rows above) 0 Cistern S!ul‘age Ovacllow Reaiie ey

Start day of the week (Monday=1, etc) 1 Associated with = % = M Overflow of 1"

End day of the week (Monda 5 Treatment Volume for storms of 1" or less DT." I“!‘qu.ll:!'l(."\" IHIeAn, LIVerTiny 0

Hours per day the building is used (i.e. 8 for a 9-5 office building; 24 for a shift- Credit (gallons) (per year) storm volume per year Runoff' Reduction

work factory) 9 & (thousands of gallons) Volume Credit
= 0, 0 [

Laundry use (use cither loads per day, pounds per day or calculated demand) I 20,000 43% 25% 153 43%

How many loads of laundry are done each day? 0 FETE o i ;

Il:n\\‘ much \‘.alurﬁdou-.s‘lca«:]:l load at]' laundry ]usc}m gallons? 4()2 40.000 40% 21% 142 46%

ow many pounds of laundry are done per day = = w

Calculated daily laundry demand 50.000 38% 20% 136 48%

Start day of the week (Monday=1, ete) 1 60,000 37% 19% 130 49%

Ii_nd day of the week (Monday=1, u[C.J 5 70.000 36% 18%% 125 51%

Total daily laundry demand (gallons) 0 0.000 349, 7o, 9 o

ADDITIONAL DAILY USE 80,000 i 17% 11 52%

Additional daily use (bus wash, street sweepers, etc) in gallons 90,000 33% 16% 114 53%

L)aal)' l:u in ?aliunsl\ -_ 0 100.000 31% 15% 109 559,

Start day of the week (Monday=1, etc) 1 o Iy 0

End day of the week (Monday=1, etc) 7 110,000 30% 14% 104 36%

Total daily additional demand (gallons) 0 120,000 29% 13% o8 58%

CHILLED WATER COOLING TOWERS 130.000 27% 12% 92 59%

If water is }n be used for cooling towers (for large scale projects) 140,000 259%, 11% 86 61%

Start day of the week (Monday=1, etc) 1 - o =

End day of the week (Monday=1, etc) 7 150,000 23% 10% 82 62%

Total daily water cooling tower demand (gallons) 0 160.000 2204 10% T8 63%

ISIECONDAll]iY RUEOFF‘JE{EDSCTUION DFAWDQ\N:N 170.000 20% 90y, 73 64%

low many gallons per day are directed to the secondary practice’ 0 Py 7

'What day of the year does secondary practice start? 1 180.000 19% 8% 69 65%

'What day of the year does secondary practice end? 366

Total daily additional demand (gallons) 0 Total Volume generated by storms of 1" or less (thousands of gallons/ye 410

FIRST FLUSH FILTER DIVERSION AND EFFICIENCY

Filter Efficiency must be MIN 95% of 1" storm for Treatment Volume Credit

and MIN 95% of 2 year storm for Channel Protection Credit. This value may .

be modified if higher efficiencies are realized ( d h | b |

Filter Efficiency Associated with the 1" storm 0.05 S p re a S e et ava I a e at

This spreadsheet was prepared for use by the D of C and Al nights are reserved by the Authors .

of the spreadsheet. It may not be modified or used beyond DCR's intended use without prior written consent of the Authors, http ://errC. Vt. edu/s WC/NOn PrOprIetaryB MPS. htm I). 92




VRRM Example

Step 2 (cont): Apply BMPs; Review Phosphorus Reduction

2. Rooftop Disconnection

2.2 Simple Drsconnection to A/B Soils 50% runoff volume reduction for

(Spec #1) impervious acres disconnected treated area 050 000 0 0 0.00] 10.00{ 0.00] 0.00|
2.b. Simple Disconnection to C/D Soils 25% runoff volume reduction for

|(Spec #1) impervious acres disconnected treated area 025 0.00 ("] L o Ao oon 0.00)
2.0 To Soil Amended Filter Path as per 50% runoff volume reduction for D A T b o)

specifications (existing C/D soils) (Spec #4) | Impefvious acres disconnected treated area 050 000 [t} . L] a . 0.00}
2.d To Dry Well or French Drain #1 50% runoff volume reduction for

Microinfilration #1) (Spec #8) impesvious acres disconnected treated area 0.50 E nte r roof a C reage a n d 0.00
2.e To Dry Well or French Drain #2 (Micro- 80% runoff volume reduction for o o

|nfiliration #2) (Spec #8) impenvious acres disconnected treated area 090 h d f m 0.00|
2 f To Rain Garden #1 (Micro-Bioretention a rvestl ng Cre It ro

#1) (Spec #9) impesvious acres disconnected 40% of volume captured 040 0.00}
2.9 To Rain Garden #2 (Micro-Bioretenton B0% runoff volume reduction for h Q d h

#2) (Spec #9) impervious acres disconnected treated area a rve St I n g S p re a S e et 0.00}
[2.h. To Rainwater Harvesting (Spec #6) impenvious acres captured based on fank size and design 041 0.75)
2.1 To Stormwater Planter (Urban 40% runoff volume reduction for

Bioretention) (Spec #9, Appendix A) impervious acres disoonnected treated area 25 | 0. Oﬂl 0 EDI D.OO[ 0.00}

Site Results . .
L
Phosphorous Water Quality Compliance Tab:
TOTAL TREATMENT VOLUME (cf) 9,568 T P d 3 h 3 d ] h
393 reduction achieved wit

TOTAL PHOSPHOROUS LOAD REDUCTION REQUIRED (LB/YEAR)
RUNOFF REDUCTION (oh 5 ]/ pervious pavement, bioretention,

PN

PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR) 2.74 a nd h a rveStI ng.
ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Ib/yr) 3.27 2 74 Ib/yr
REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDED 1.19

Remaining required
TP reduction:

Nitrogen (for information purposes)

TOTAL TREATMENT VOLUME (cf) 9,568
1.19 Ib/yr
RUNOFF REDUCTION (cf) 3520
NITROGEN LOAD REDUCTION ACHIEVED (LB/YR) 19.92

ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 23.09 93




VRRM Example
Step 2 (cont): Apply BMPs- Downstream Treatment

L1 Pervious pavement
0.67 ac

0.85 “up-gradient”
impervious acres

L1 Bioretention
0.17 “up-gradient”
impervious acres

0.25 ”up—gradient”/
turf/impervious acres

Harvesting
0.59 roof acres

L1 Extended Detention

Accepts overflow from

upstream practices via
underdrains
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VRRM Example

Step 2 (cont): Apply BMPs; Review Phosphorus Reductlon

#1) (Spec #9) impervious acres disconnected 40% of volume captured 0.40 0.00 1] o] o]
2.g To Rain Garden #2 (Micro-Bioretention 80% runoff volume reduction for

#2) (Spec #9) impervious acres disconnected treated area 080 0.00 0 (1] 0
2.h. To Rainwater Harvesting (Spec #6) impervious acres captured based on tank size and design 041 059 a 834 1200

2.1 To Stormwater Planter (Urban
I_erelsrmun] (Spec #9, Appendix A)

40% runoff volume reduction for

impervious acres disconnected ireated area
Impervious acres dis salecarea

3, Permeable Pavement

3.2 Permeable Pavement #1 (Spec #7)

acres of pemmeable pavement +
actes of "external” (upgradient)

L 137)8a ED#1 ‘

impenvious pavement 45% runoff volume reduction 045 154
3.b. Permeable Pavement #2 (Spec #7) acres of permeable pavement 75% runoff volume reduction 075 000 1] *] 000
w Permeable pavement and
bioretention overflow to *
impervious acres draning to
6.2 Bicretention #1 or Urban Bioretention bioretention 40% runoff volume reduction 040 017 1200 715 1072 g 05018.a ED#1
(Spec #9) turf acres draining to extended detentlon I
bioretention 40% runoff volume reduction 040 029 —— a3 139 007|8a ED#1
impervious acres draining to #
6.b. Bioretention #2 (Spec #9) bioretention 80% runoff volume reduction 0.80 0.00 a 0 0 50 0.00] 0.00] 0.00]
e turf acres draining to
bioretention 80% runoff volume reduction 080 0.00 1] 0 0 50 0.00] 0.00) 0.00] 10.00}
)
 x

8. Extended Detention Pond
8.a ED#1 (Spec #15)

impervious acres draining to ED 0% runoff volume reduction

turf acres draining to ED 0% runoff volume reduction

8.b. ED #2 (Spec #15)

impervious acres draining to ED 15% runoff volume reduction 15 k_
turf acres draining to ED 15% runoff volume reduction .15 ! 0 0 15
Site Results . . .
PhosohoIous TP reduction achieved with
TOTAL TREATMENT VOLUME (cf) 9,568 :
TOTAL PHOSPHOROUS LOAD REDUCTION REQUIRED (LB!YEJA_R} 3.93 PErvious pavement'
f RONGFE REDUCTON [eh o bioretention, harvesting,
| PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR) 3.76 extended detention, and
A~ 4
ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Ib/yr 2.25 downstrea m con nections:
REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDED 0.16 3.76 |b/yr
Nitrogen (for information purposes)
TOTAL TREATMENT VOLUME (cf) 9,568 Remaining required TP
reduction:
RUNOFF REDUCTION (cf) 4392
NITROGEN LOAD REDUGTION ACHIEVED (LB/YR) 27.09 0.16 1b / yr
95
ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 15.92




VRRM Example

Step 2 (cont): Apply BMPs- Re-design Pavement to Level 2

L2 I’ervious pavement

0.67 ac

0.85 “up-gradient”
impervious acres

L1 Bioretention
0.17 “up-gradient”
impervious acres

0.25 ”up—gradient”/
turf/impervious acres

Harvesting
0.59 roof acres

L1 Extended Detention

Accepts overflow from

upstream practices via
underdrains

96




VRRM Example
Step 2 (cont): Apply BMPs; Review Phosphorus Reduction

acres of permeable pavement +
3 a Permeable Pavement #1 (Spec #7) acres of "external” (upgradient)
impervious pavement 45% runoff volume reduction 0.45 067 0 1040 1271 25 0.00) 145 085 0.60[8.a ED#1

3.b Permeable Pavement #2 (Spec #7) acres of permeable pavement 75% runoff volume reduction 0.75 085 2198 733 25 0.00] 1.84 1 aﬂ 0.34|8.2 ED#1

D.A. Tab:
Design permeable pavement
to Level 2 specifications

Site Results . . .
Phosphorous Water Qt{allty Ct')mpllan'ce Tab:
TOTAL TREATMENT VOLUNE (cf) 9,568 TP reduction achieved with Level 2
TOTAL PHOSPHOROUS LOAD REDUCTION REQUIRED (LB/YEAR) 3.93 . . .
p: pervious pavement, bioretention,
| | RUNOFF REDUCTION (cf) 5240| . .
1 PHOSPHOROUS LOAD REDUCTION ACHIEVED (LB/YR) 4,09 l harvestmg, extended detentlon, and

ADJUSTED POST-DEVELOPMENT PHOSPHOROUS LOAD (TP) (Ib/yr) 1.92 downstream connections:

CONGRATULATIONS!! 409 |b/yr

YOU EXCEEDED THE

TARGET REDUCTION

REMAINING PHOSPHOROUS LOAD REDUCTION (LB/YR) NEEDED|BY 0.2 LE/YEAR!!

TP Reduction requirement met via:

Level 2 pervious pavement;

Nitrogen (for information purposes) Level 1 bioretention:
TOTAL TREATMENT VOLUME (cf) 9,568| ’

Harvesting (for irrigation and toilets);
Extended detention; and

RUNOFF REDUCTION (cf) 5240 i
NITROGEN LOAD REDUCTION ACHIEVED (LB/YR) 29.56) Downstream connections.
ADJUSTED POST-DEVELOPMENT NITROGEN LOAD (TP) (Ib/yr) 13.4§||
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VRRM Example

Step 3: Determine Allowable Peak Flow

1-year storm 2-year storm 10-year storm [ | |
Target Rainfall Event (in) 300 350 530 I 1
N
Drainage Acca A . Enter storm event depths
Drainage Area (acres) £.08
Runoff Reduction Volume (cf) 5,240 (From VSM H PFM FSM etc )
Drainage Area B v v v
Drainage Area (acres) 0.00
Runoff Reduction Volume (cf) 0
Drainage Area C
Drainage Area (acres) 0.00
Runoff Reduction Volume (cf) a
Drainage Area D
Drainage Area (acres) 0.00]
Runoff Reduction Volume (cf) 0
Drainage Area E
Drainage Area (acres) 0.00]
Runoff Reduction Volume (cf) a
Based on the use of Runoff Reduction practices in the various drainage areas, the spreadsheet cal an adj v ped and adj Curve Number,
Drainage Area A A soils E Soils C Soils D Soils
Forest/Open Space -- undisturbed, protected forest/open space Area (acres) 0.0 0.0 0.2 1.9
or reforested land CN 30 55 70 77
Managed Turf -- disturbed, graded for yards or other turf to be Area (acres) 0.0 0.0 05 0.0
mowed/managed CN 39 61 74 80
Area (acres) 00 0.0 0.0 26
Impervious Cover 98 98 98
eighted CN s Note:
- 87 149
[ 1-year storm 2-year storm 10-year storm —
| | RVpayetaped (i) With no Runoff Reduction 174 218 385 - CN p re B M P - 87
| | RVpeyeiapea (i) with Runoff Reduction 1.46] 1.90] 3.57 .
| Adjsedch & 5 ai | Adjusted CN = 83-84

Using the adjusted curve number (CN) for each drainage area, calculate the peak discharge for the
1-, 2-, and 10-year storms. Compare the peak discharge to the allowable rates described in the
Virginia Stormwater Management Program permit regulations (4VAC 50-60-66(b) and (c)).

Use adjusted CNs to
determine the site’s runoff
volume and peak discharge.
Compare to the requirements
of 4VAC50-60-66.B.
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VRRM Example

Runoff Volume Estimation Using TR-55

Step 1. Solve for Rvpre-development and Rvpost-development

Pre-development Runoff Volume Calculations:
S = (1000 /CN)-10
=(1000/76)—-10= 3.16

Quepth = [(P - 0.25)2] / [(P +0.85)]
=[(3.0— (0.2 x 3.16))?] / [(3.0 + (0.8 x 3.16))]

=1.0in
RVpre-deveIopment = Q XA / 12
=1.0" x221,284 sf / 12”
RV = 18,440 cf

pre-development

Post-development Runoff Volume Calculations:
S = (1000 /CN)-10
=(1000/83)—-10= 2.05

Qgeptn = [(P - 0.25)2] / [(P +0.85)]
=[(3.0 - (0.2 x 2.05))2] / [(3.0 + (0.8 x 2.05))]

for use in the Energy Balance method (4VAC50-60-66.B).

Pre-development condition assumptions for this example:
* Land cover is forest in good condition

* Weighted CN =76

 1-year rainfall event = 3.0” (per VSMH Table 4B)

Post-development conditions for this example:

¢ See Slide 97 for adjusted post-development CN
¢ Adjusted CN = 83 (1-yr storm)

¢ 1-year storm= 3.0” (per VSMH Table 4B)

= 1.5 in (Note that this is also given in the VRRM spreadsheet)

RVpost-deveIopment =QxA/12
=1.5"x221,284 sf / 12”
RV = 27,660 cf

post-development

Note that Rv =32,115 cf

post-development pre-BMP —

Post-development, Pre-BMP CN = 87
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VRRM Example
Pre-Development Peak Flow Estimation Using TR-55

Step 2. Solve for Q for use in the Energy Balance method (4VAC50-60-66.B).

pre-developed

Qpre-developed =(q, X Am X Qdepth X Fp Assumptions for this example:
* T.=0.5hr
d, =520 csm/in * Rainfall distribution = SCS Type Il
. . * 1-year rainfall event = 3.0” (per VSMH Table 4B)

For graphlcal peak dISCharge method: * q, determined from graphical peak discharge method

|,=0.2 x ((1000/83) — 10) = 0.41 * Fp=1.0

l,/P=0.41/3.0=0.14
A, = 221,284 sf = 0.008 mi?

Quepin = 1.0” (see previous slide)

F, =10

=520x0.008x1.0x1.0
= 4.2 cfs

Qpre-developed
Qpre-developed
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VRRM Example

Channel and Flood Protection — Allowable Peak Flow

Step 3. Solve for the allowable Qg ¢|opeq USing the Energy Balance method (4VAC50-60-66.B).

Allowable 1-yr, 24-hr peak flow rate per 4VAC50-60-66.8B:

Qdeve/oped < 0.8 x Qpre-developedx R Vpre-developed / R Vdeve/oped
Queveloped Shall not be required to be less than [Qg,esreq X RV yresteal / RV jeveloped

Qdeve/oped must be < Qpre-developed

Qure-developed = 4-2 Cfs (See slide 99. Also equals Qg o504 in this example.)
RV = 18,440 cf (See slide 98. Also equals RV, in this example)

pre-developed —

RVjeveloped = 27,660 cf  (See slide 98.)

Applying the Energy Balance Method conditions above:

Condition 1: Qdeveloped < 0.8 x Qpre-developed X RVpre-developed / RVdeveloped
Queveloped < 0-8 X [5.51 x 18,440] / 27,660 < 2.94 cfs

Qqeveloped Shall not be required to be less than [5.51 x 18,440] / 27,660

Qqeveloped Shall not be required to be less than [Qeyesied X RVorestea] / RVgeveloped
Condition 2:
Qqeveloped Shall not be required to be less than 3.67 cfs

- Qdeveloped must be < Qpre-developed
SeEi s |: Qgeveloped Must be < 4.2 cfs

Therefore, Qe eiopeq < 3-67 cfs 101



References

Stormwater Regulations
e http://www.dcr.virginia.gov/documents/swmfinreg

spublishedvareg.pdf

* (Additional information: http://www.dcr.virginia.gov/lr2d.shtml)

Virginia Runoff Reduction Method
e http://www.dcr.virginia.gov/Ir2f.shtml

Virginia Stormwater BMP Clearinghouse
e http://vwrrc.vt.edu/swc/
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