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ALEXANDRIA SUPPLEMENT TO THE NORTHERN VIRGINIA BMP HANDBOOK

EDITOR'S NOTE ON REVISION 1

The primary reason for issuing Revision 1 to the Alexandria
Supplement to the Northern Virginia BMP Handbook was to align the
provisions of the Supplement with changes to the Alexandria City
Code. Enactment of the Alexandria Zoning Ordinance in June of
1992 made significant changes to the development process in the
City and recodified the Alexandria Chesapeake Bay Preservation
Ordinance as Article XIII of the Alexandria Zoning Code. The
Alexandria Erosion and Sediment Control Ordinance was also
updated in June 1992.

City staff took this opportunity to make several additional
changes to the manual to update the technical portions to the
current "state of the art" and to make the Transportation and
Environmental Services development review processes more "user
friendly."

Changes are provided in the form of new substitute pages which
are to replace the original pages with the same numbers. The
changes made in the Supplement are summarized as follows:

Chapter 1 -- calculations Procedures

Pages 1-1 through 1-10 were completely rewritten to reflect
changes in the development process occasioned by the Alexandria
Zoning Ordinance. The process for determining whether the
pollutant removal requirements of the Virginia Chesapeake Bay
Preservation Act or the Virginia Stormwater Management Act govern
a particular site were also clarified. :

Chapter 2 =- Unconventional BMP Facility Desiqgn Criteria

Portions dealing with Water Quality Inlets (0il/Grit Separators)
were deleted since this information is now contained in the basic
Northern Virginia BMP Handbook. A new section on the theory and
concept of "ultra-urban" BMPs was substituted in pages 2-1
through 2-12. A unified theoretical approach to designing sand
filter BMPs was substituted for the previous methods obtained
from originating jurisdictions (original methods were preseryved
in Appendix 2-1). Alexandria experience to date with sand filter
BMPs was factored into the new procedure. Standard calculations
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sheets for each BMP were designed and are provided in Appendix 2-
4. These sheets can be filled out and "sticky backed" directly
onto the project Stormwater Management Plan, cutting down the
amount of textual input required by developer's engineers.
Construction and Maintenance requirements were also separated
into Appendix 2-3 and formatted so that they may also be
reproduced directly on Stormwater Management Plans.

The following BMPs have been added to the Supplement:

Developed by:

o Thin-Filter D.C. Underground Vault System D.cC.

o Metal-Shell D.C. Underground Vault Systen Alexandria

o "Switch-Back" Sand Filter System Alexandria

o D.C. Manhole Filter System D.C.

o Roof Downspout System Washington State
o Vegetated Swale Criteria Washington State

Standard procedures for outfitting BMPs for monitoring are
provided as Appendix 2-8.

Chapter 3 -- Maintenance and Monitoring Agreements

The text was updated to agree with the Alexandria Zoning
Ordinance. The procedure for preparing the agreement was
modified. City staff will now prepare the agreement and forward
it to the developer with the project bonding package. This is
another "user friendly" modification to procedures.

Chapter 4 -- sSubmission Requirements

This entire chapter was rewritten to align it with the revised
development processes contained in the Alexandria Zoning
Ordinance. New Appendices 4-1 and 4-4 are the relevant portions
of the Zoning Code. New Appendix 4-2 is the revised Site Plan
Process and Checklist. New Appendix 4-5 provides the City's
Floodplain Regulations. New Appendix 4-6 is the current Erosion -
and Sediment Control Ordinance. -

Reproduction of all conditions of approval for a development
project (both Site Plan and Special Use Permit) from the various
City agencies (City Council, Planning Commission, Board of
Architectural Review, Board of Zoning Appeals, etc.) on the
initial sheets of the Site Plan is now required. This action
makes the conditions conveniently available to all parties
reviewing the project and preserves the conditions on the - Site
Plan sheets for future reference.
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The following modifications to the Department of Transportation
and Environmental Services have been made to facilitate
processing of development proposals:

o

T&ES has decreased the amount of detailed engineering data
which is required for submission with a preliminary site
plan application. Submission of the detailed stormwater
management plan required by the Chesapeake Bay Preservation
Act and the Stormwater Management Act have been delayed
until after Planning Commission approval of the preliminary
site plan. This precludes the developer from bearing these
engineering costs for projects which do not achieve approval
or from rework costs occasioned by major modifications
imposed by the Planning Commission or City Council.

T&ES now allows subm1s51on of the erosion and sediment
control plan after approval of a project by the Planning
Commission rather than with the Preliminary Site Plan. This
action will allow developers to avoid the costs of
preparation of this plan for projects which fail to achieve
Planning Commission approval. They may also avoid rework
costs for modifications brought about by additional
conditions imposed by the Planning Commission.

Warren Bell, P.E.
City Engineer
Editor
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MEMORANDUM
R UEERIOR ANDUM TO INDUSTRY NO. 99-01
DATE: JULY 30,1999
TO: DISTRIBUTION o
FROM: WARREN BELL, P.E., DEPUTY DIRECTOR/ENGINEERING () Rugs

TRANSPORTATION AND ENVIRONMENTAL SERVICES

SUBIECT: BMP EFFICIENCIES AND DESIGN STANDARDS AND SITE GRADING

BMP Efficiencies: The City’s currently recognized efficiencies for the various stormwater BMPs
re shown on the artached copy of the requisite page from the Alexandria Supplement to the
Northern Virginia BMP Handbook. The efficiencies shown on this sheet should be used on all Site
Plan submissions to the City. - ‘

Hyvdxg :c BMP Design Flows: City staff has discovered thar utilizing the maunufacturer’s
recommended design procedures for some - hydrodynarmnic BMPs will result in a structure that
bypasses parc of the first flush (defined in Virginia’s Stormwater Management Regulations as the

.

first Y= inch of runoff from the impervious areas on a site). This results in relatively polluted warter
being bypassed and;clatively clgan' water from later in the storm being treated.- Such a sitation
does not.comply with Article XiI1 of the Alexandria Zoning Ordinance, which also requires that at
Jeast the first ¥ inch of runoff must ‘e treated for all sites which involve more that ¥ acre of land
disturbance. Accordingly, the City has revised its procedures for approving hydrodynamic BMPs.
Henceforth, all hydrodynamic or other flow-through BMPs (Bay Saver, CDS Technologies,
Downstream Defender, Stormeepror. Vortex, V?BI, Stormfilter) submitted for use on developmment
projects within the Ciry must be capable of processing the peak flow rate for the local three-month
storm through the treatment portion of the device. The required peak flow rate may be compured
using the Rational Method. Use a rainfall intensity of 1.75 inches/hour for a 5-minute time-of-

concentration and 2 rainfall intensity of 1.45 inches/hour for a 10-minute time-of-concentration.

WMM’MM: The Department of Conservation and Recreation,
Division of Soil and Water Conservation, has recently published a new Stormwater Management
Manual. This manual contains the latest and most up-to-date criteria available for use in the design
of sand filter and bioretention BMPs. Henceforth, all Bioretention BMPs proposed for use within
Alexandria shall be designed according to the Virginia Stormuwater Manual criteria. Coasult with
City staff about the latest modifications that may be advisable before procesding to detailed
eagineering (bioretention is still & "work in progress). Use of the State's sand fler criteria is
optional buthighly recommendad. : '
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hanges to roved Grading Shown on Final Site Plans: Developers and Erigineers are
.reminded that the only way to obtain approval for other than very minor adjustments to the site
grading shown on an approved Final Site Plan is to submit and gain approval of a formal revision
to the Site Plan. Two recent incidents highlighted practices thar are not approved methods in
Alexandria. In one case, a builder who had purchased construction rights from the developer who
had obtained Ciry approval ofa Special Use Permit anached unsigned grading drawings ro a building
permir plan. The builder later tried to assert that release of the building permit constituted Ciry
approval of the grading changes. The City rejected this assertion. All enginesting firms dea] ing
with the City should be aware that no one beneath the position of the Deputy Director/Engineering
(City Engineer) has the authority 1o make changes 1o grading or public and-private infrastructure "°§
approved Final Site Plans. All parties should be aware thar the Ciy wiuka;jéo not entertain proposals
for Site Plan changes from individual purchasing builders. All proposed Final Site Plan Revisions
must be submitied by the developer who holds the Site Plan or SUP approval from the Citv and the
revision must be submiited by the engineering firm that did the approved Final Site plan. Prbposcd
_revisions not meeting these conditions will be rejected out of hand. Inthe case in question, the
daveloper was required to submit a formal request for a revision, which is pending. In the interirg
T&ES has suspended all Certificate of Occupancy approvals on the pfoject until the matter is
resolved. » .

“

Al engincering firms and developers should also be aware that the City lj;éqﬁresfghat all pmi‘?osgd
revisions be “red-lined” on the copies of the proposed revision submiwed for review, City staff only
reviews the “red-lined” revisions. Should other changes not "red-lined” be contained on revision
drawings, the City reserves the right 1o require a reumn 1o the originally approved Final Site Plan
conditions for such unmarked changes even if they are discovered after formal approval of the *red-

lined” changes.

cc:  Thomas F. O'Kane, Jr., Director, T&ES
M.M. Halim, Division Chief/Engineering & Design, T&ES
Geoff Byrd, Site Plan Coordinator; T&ES., ‘
Larry Gavan, Watershed Program Administraror, T&ES -
Lalit Sharma, Site Plan Engineer, T&ES o o a i
Kimberly Johnson, Division Chief/Development, P&:Z oo T '
Dr. Terry Ryan, Executive Director, Engineers & Surveyors Institute
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PREFACE

Section 13-104 of the Alexandria Zoning Ordinance (Chesapeake Bay
Preservation Regulations) referred to in this manual as the
ordinance) charges the Director of Transportation and Envi-
ronmental Services (referred to in this manual as the Director)
with responsibility for establishing technical standards for
compliance with the requirements of the Ordinance. This handbook
supplement sets forth those standards and provides information on
unconventional structural Best Management Practices (BMPs) which
may used in the ultra-urbanized areas of the City where conven-
tional BMPs are not feasible. It also provides standard mainte-
nance and monitoring agreements for use with BMPs and stormwater
detention facilities and sets forth plan of development submis-
sion requirements.
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in Chapter 5 of the NVEMPHR have clearly established that the
concept will work for the site in guestion. If observation of
the excavated area for the infiltration device casts doubts on
the practicality of so0il percolation ability, a successful full
design volume exfiltration test of the excavation may be required
before installation of the device is permitted to continue. If
this test is a failure, another BMP soluticon will have to be
adopted. Infiltration trenches and drywells will not be approved
in strata above marine clays. However, see Chapter 2 for =z
discussion of infiltration wells which convey stormwater to
strata below the marine clay lavers.

Alexandria recognizes the phosphorous removal efficiencies shown
in Table 1-1. )

BMP Removal EfﬁcienciesT;be::;g:ﬁzed by Alexandria (6/5/98)
BMP Facility Removal Efficiency (%)
Extended Detenton Pond Design (@) (Chart “A" of NVBMPHB) [ 40%
Regionzl Extended Detention Pond (Waxershed 2100 acres) 350%
: (Chare “A™ of NVBMPHE) )
Woer Pond Detendon Design () (Pecraanent Pool = 2.5V,7) 43%
Wez Pond Detention Design () (Permaneat Pool=4.0V.) | 50%
Regional Wet Pond Dezention (Warershed > 100 acres) 85%
(Permanemnt Pool = 4.0 v . i
Infitration Trench Design () (0.5 ivimp. acre) ‘ 50%
tofiloration Trench Design (T) (1.0 infimp. acve) l 5%
Infitration Treach Desten (af) (2-vr.-Storm nmoi) 0%
Intermitrent Sand Filtars (all variations) (0.5 in/imp. acre) §0%
Peat-Sand Filters (0.5 infimp. asrs) 0%
Alexandrie Compound Filters (0.5 in/imp. acre) 70%
Biorereadon Infiicraton Basins (0.5 in/imp, ace) 50%
Biarerendon Filtess (0.5 infimp. acre) 50% -
Hydrodynimic BMPs” ' 15%™
Leaf Compost Media Filters 30%

" Runoff volume produced by the mean annual storm )
" Stormesptor, Vartechnics, BaySaver, Downstream Defender, ecc,

" Alexandria Provisional Rating

BMP SUPPLEMENT (Revision 1) 8/1/93 Page 1-7
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Chapter 1
Standard Calculations Procedures for the Alexandria
Chesapeake Bay Preservation Ordinance

I. BACKGROUND

Article XIII of the Alexandria Zoning Ordinance comprises the
City's current Chesapeake Bay Preservation Ordinance (hereinafter
referred to as the Ordinance). Sections 13-104(C), 13-109 and
13-112 of the Ordinance that the Director of Transportation and
Environmental Services (hereinafter referred to as the Director)
shall establish procedures, consistent with good engineering
practice, for calculating the stormwater pollutant removal re-
quirements for development and redevelopment projects and for
establishing Best Management Practices (BMP) removal efficien-
cies. This chapter establishes standard calculations procedures
and worksheets and assigns removal efficiencies that Alexandria
will recognize for both conventional and unconventional BMPs.

II. STORMWATER QUALITY MANAGEMENT PERFORMANCE REQUIREMENTS

Sections 13-109, 13-110, 13-112, and 13-113 of the Ordinance
require that new development projects exceeding 2,500 square feet
of land disturbance meet a "no net increase" standard with re-
spect to pollutants in stormwater runoff leaving the site and
that redevelopment projects exceeding 2,500 square feet of site
land disturbance must meet a "ten percent reduction" standard
with respect to pollutants in stormwater runoff (see Chapter 4 of
this manual for stormwater quantity management requirements).

See Section 13-103 of the Ordinance for specific definitions.
Generally, if the site currently contains residential, commer-
cial, industrial, institutional, transportation or utility facil-
ities or structures, new work will be redevelopment. However,
substantial alteration of residential, commercial, industrial
institutional, transportation or utility facilities is considered
development rather than redevelopment.

Section 13-117(B) of the Ordinance further requires that at least
the Water Quality Volume (WQV), the first one-half inch of runoff
from the impervious surfaces on the site, be treated in a Best
Management Practice (BMP) approved by the Director (the WQV for
one acre of impervious surface is 1816 cubic feet). This is a
requirement of the Virginia Stormwater Management Act. The
situation that occurs when this requirement prevails over the
minimum pollutant removal standards of the Chesapeake Bay Preser-
vation Act listed above shall be referred to the WQV Default
requirement. For single family residences separately built and
not part of a subdivision, including additions to existing sin-

BMP SUPPLEMENT (Revision 1) 8/1/93 Page 1-1.
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FIGURE 1-1
ARTICLE XIlI - ENVIRONMENTAL MANAGEMENT
STORMWATER POLLUTION REMOVAL REQUIREMENTS (SPRR)

ENTER

|

More than 2500

l NO

DEVELOPMENT

S$q. Ft. tand
Disturbance?
1 YES
Is Project
Development Or
Redevelopment?
I J RepEvELOPMENT
1s Site Completely NO Compute SPRR
Impervious As 4 Using Actual Site
Currently NO Conditions For
Developed? Pre-Development

l YES

Will Redevelopment
Restore At Least
20% of Site To

Vegetated Open Space

YES

On-Site BMP
Not Required

SPRR Provisions
Of C8PO Do

Not Apply

Compute SPRR
Using “Average
Watershed Conditions®
for Pre-Development

b

Select BMP Option(s).
Size To Meet SPRR

l

Is Computed BMP
Treating At Least
The Wav*?

H’L*

l YES

Use Computed
BMP(s)

Is Project Detached
Single Family Residence
Or Site of 1/2 Acres
Or Less of Land
disturbance

L

Increase Size To
Treat Full wWav

YES

May Request
Waiver To Size
BMP At The

Computed Capacity

* The first 12" of runoff from the impervious acreage on the site
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gle-family detached residential structures, and for other sites
not exceeding one-half acre of land disturbance, the Director may
waive or modify this WQV Default requirement. Such waivers will
normally be limited to adjusting the BMP size to the level re-
quired by Sections 13-109, 13-110, 13-112, or 13-113.

Sections 13-110 and 13-113 of the Ordinance allow the pollutant
removal requirements and WQV Default requirements of a redevelop-
ment site that is completely impervious as currently developed to
be met by restoring a minimum of 20 percent of the site to vege-
tated open space.

Figure 1-1 is a decision chart to assist applicants in determin-
ing which standard governs for their particular projects.

III. Pollutant Loading Calculations Procedures

Alexandria's standard procedure for calculating compliance with
the requirements of its Chesapeake Bay Preservation Ordinance are
derived from the Guidance Calculations Procedures recommended in
Appendix C of the Virginia Chesapeake Ba¥1yocal Assistance De-

partment (CBLAD) Local Assistance Manual.

A) KEYSTONE POLLUTANT

The Virginia Chesapeake Bay Preservation Act and the Alexan-
dria Ordinance establish stormwater quality performance
standards dealing with reductions in pollutants in post-
development stormwater. CBLAD has designated total phospho-
rous as the "Keystone Pollutant" for determining conformance
with the requirements of the Virginia Chesapeake Bay Preser-
vation Act. The rationale for this selection is discussed
in detail in A?tachment A to Appendix C of the LOCAL ASSIST-—
ANCE MANUAL. (1 The selection criteria were:

1) The "Keystone Pollutant" must have a well-defined
impact on the Chesapeake Bay.

2) The "Keystone Pollutant" should exist in a "com-
posite "form, i.e.in a roughly equal spilt between -
particulate and soluble phases. .

3) Enough research data must be available to provide
a reasonable basis for estimating how "Keystone
Pollutant" loads change in response to development
and to current storm water control measures.

While the procedures in this chapter deal with phosphorous
loadings, it is important to remember that the objective of
the Ordinance is to reduce all pollutants in the post-devel-
opment stormwater and that phosphorous is being used as a
convenient indicator of the whole spectrum of pollutants.

-
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B)

C)

THE SIMPLE METHOD

The method to calculate pre- and post-development phospho-
rous loadings recommended by CBLAD and adopted by Alexandria
is the Simple Method derived by Thomas R. Schueler in the
Metropolitan Washington Council ?g Governmments (COG) hand-
book, CONTROLLING URBAN RUNOFF. ) The Simple Method is
intended for use on development sites of less than one
square mile in area. For larger sites, the applicant may
propose an analysis based on more sophisticated methods such
as watershed and receiving water siﬁﬁlation models. The

Simple Method is described as follows:

L =P x Pj XR, x CxAx2.72/12
where,

L
P

phosphorous loadings (pounds/year--1b/yr).
average annual rainfall depth (inches) = 40 inches
per year for Alexandria.
Pj = unitless correction factor for storms that
produce no runoff = 0.9.

R, = runoff coefficient - expresses the fraction of
rainfall converted to runoff.

C = flow-weighted mean pollutant concentration (milli-
grams/liter--mg/1).
A = area of development site (acres).

(2.72 and 12 are conversion constants.)

Further reducing the Alexandria constants in the formula
yields:

L = 8.16 x Rv X Cx A

DERIVATION OF ALEXANDRIA PHOSPHOROUS LOADING FORMULAE

1) MEAN CONCENTRATION (C~VALUE)

Flow-weighed mean concentrations of phosphorous (C-
values) were derived from runoff events monitored in
the Washingto?é D.C. area as part of the National Urban
Runoff study ). For u?? of the Simple Method in
Virginia, CBLAD specifies: )

C = 0.26 mg/l when I<20
C = 1.08 mg/l when I>20
where I = the % of site imperviousness in whole numbers.
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2) RUNOFF COEFFICIENT (Rv)

The runoff coefficient describes the fraction of rain-
fall converted to runoff. While dependent on soil
type, topography and cover, it is most influenced by
watershed imperviousness. The Simple Method uses the
following formula to compute R,:

R, = 0.05 + 0.009 (I)

Structures, parking lots, roadways, sidewalks, paved
patios (concrete, brick or asphalt), paved parking
pads, etc., are considered impervious by definition.
Other hard surfaces may be judged to be impervious if
their ability to absorb rainfall is minimal. :

3) ALEXANDRIA WATERSHED RUNOFF COEFFICIENT

For new development in Chesapeake Bay Preservation
Areas, the Regulations allow the use of "average land
cover conditions" in calculating pre-development pollu-
tant loadings (post-development loadings must always be
based on site-specific conditions). Since the entire
city is served by storm sewers which discharge into a
fairly short stretch of the Potomac River, the City has
been designated a single watershed for purposes of this
calculation. The calculated average imperviousness of
the city is 41 percent. The average City-wide runoff
coefficient is therefore:

Ry, = 0.05 + 0.009(41) = 0.42

When calculating annual phosphorous loadings using the
Ccity-wide runoff coefficient, the Simple Method Formula
reduces to:

Lpre = 8-16 X 0.42 X C XA = 3.42 X 1.08 XA
= 3.69 X A
F) CALCULATIONS SHEETS

Step-by-step calculations sheets for use in applying the
Simple Method to development in Alexandria are provided in
the Appendix 1-2 to this chapter. Worksheet A is for use
with new development projects. Worksheet B is for use with
redevelopment. Worksheet C will be used to demonstrate
compliance. The general calculations sequence is:

1) Compile site-specific data on imperviousness and

compute post-development R,,. For redevelopment,
also compute pre-development R,.

- ”}“
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2) Calculate the pre-development load (Lpre~—lbs/yr).

3) Calculate the post-development load
(Lpost--lbs/yr). -

4) Calculate the pollutant removal requirement (RR).

For new development, RR = Lpost - Lpre'

- 00911

For redevelopment, RR pre*

= bpost

If RR < 0.00, the WQV Default requirement will prevail.
Select and size a BMP to treat the WQV, or see section
II. above for possibility of a waiver. If RR > 0.00,
continue the analysis.

5) Calculate overall BMP efficiency required when
selecting BMP options.

%RR = RR/Lpost X 100
6) Select and size a suitable BMP option.

7) Check to assure that the WQV Default requiremént
‘ is satisfied.

' Figure 1-2 in Appendix 1-2 is a flow chart illustrating the
BMP sizing determination.

Calculations must be performed and certified by a Profes-
sional Engineer or Class IIIB Surveyor licensed to practice
in virginia.

IV. TRADITIONAL BEST MANAGEMENT PRACTICES

The Northern Virginia BMP Handbook (NVBMPHB)(B) published by the
Northern Virginia Planning District Commission (NV PDC) will be
utilized when designing traditional BMPs (dry ponds, wet ponds,
infiltration devices) for use in Alexandria. Traditional BMPs
will normally be used unless the Director determines that the
site contains insufficient space. Applicants should resolve this
question with the Ccity staff before investing in the design of
unconventional BMPs. Chapter 3 of the NVBMPHB g9 tains informa-
tion on BMP screening. CONTROLLING URBAN RUNOFF(?) also contains
a number of useful screening tools to employ in selecting a
traditional BMP option.

Applicants are cautioned that most areas of Alexandria do not

contain soils which are conducive to infiltration devises.
Infiltration will be approved only where field tests specified
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in Chapter 5 of the NVBMPHB have clearly established that the
concept will work for the site in question. If observation of
the excavated area for the infiltration device casts doubts on
the practicality of soil percolation ability, a successful full
design volume exfiltration test of the excavation may be required
before installation of the device is permitted to continue. If
this test is a failure, another BMP solution will have to be
adopted. Infiltration trenches and drywells will not be approved
in strata above marine clays. However, see Chapter 2 for a
discussion of infiltration wells which convey stormwater to
strata below the marine clay layers.

Alexandria recognizes the phosphorous removal efficiencies shown
in Table 1-1. :

BMP Removal EfﬁcxencxesTflbelzolgmzed by Alexandna (6/5/98)
BMP Facility Removal Efficiency (%)

Extended Detention Pond Design (i) (Chart “A” of NVBMPHB) | 40%
Regional Extended Detention Pond (Watershed >100 acres) 50%
- (Chart “A” of NVBMPHB) .
Wet Pond Detention Design (i) (Permanent Pool = 2.5V,") ‘ 45%
Wet Pond Detention Design (ii) (Permanent Pool = 4.0 v.) 50%
Regional Wet Pond Detention (Watershed > 100 acres) 65%
(Permanent Pool =4.0 V,") > I

Infiltration Trench Design (i) (0.5 in/imp. acre) R 50% '
Infiltration Trench Design (i} (1.0 in/imp. acre) 1 S : 65%
Infiltration Trench Design (iii) (2-yr.-Storm runoff) - aE - 70%
Intermittent Sand Filters (all variations) (0.5 in./imp. acre) 60%
Peat-Sand Filters (0.5 in./imp. acre) 70%
Alexandria Compound Filters (0.5 in./imp. acre) 70%
Bioretention Infiltration Basins (0.5 in./imp. acre) 50%
Bioretention Filters (0.5 in./imp. acre) 50%

Hydrodynamic BMPs™ 15%™

Leaf Compost Media Filters 50%""

Runoﬁ‘ volume produced by the mean annual storm -
Stormceptor Vortechnics, BaySaver, Downstream Defender, etc. !
** Alexandria Provisional Rating - :

. . . R _ e
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V. INNOVATIVE BMPS FOR THE ULTRA-URBAN ENVIRONMENT

Many of the older sections of Alexandria contain areas in which
buildings, parking facilities and urban streets and walkways
cover almost 100 percent of the surface, creating heavy runoff
but offering no room for structural stormwater quality management
‘facilities such as extended dry detention or wet ponds. When
redevelopment occurs within these areas, high land values may
require similarly intense land usage in order to have an economi-
cally viable project. Soil conditions in most of the City also
mitigate against the use of infiltration devices. In such situa-
tions, innovative BMP applications are required to meet the
stormwater quality requirements of the Chesapeake Bay Preserva-
tion Ordinance. Chapter 7 of the NVBMPHB discusses unconvention-
al and experimental BMPs. Chapter 2 of this manual supplement
presents details on unconventional BMPs which may be considered
for use within the City. Because of their unconventional nature,
treatment of the entire Water Quality Volume will be normally
required when these devices are employed. Unless waived by the
Director, all unconventional BMPs must be equipped with special
catchments and/or manholes for chemical monitoring of inflows and
outflows. Developer/applicant participation in a monitoring
program to establish the actual removal efflclency of the device
may also be required if authoritative engineering references
demonstrating the removal efficiency of the proposed BMP are not
available. Such requirements will be made a part of the Mainte-
nance/Monitoring agreements discussed in Chapter 3. Unconven-
tional BMPs can also be used in conjunction with stormwater
quantity management devices where peak flow rates from the 51te
must be decreased.
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A recent study addressing the use of intermittant sand filters in
series suggests that the phosphorous removal efficiency of an
intermittant sand filter system may be increased more ﬁp%n 50
percent by adding a second polishing filter to the systen. 4 If
a developer is willing to proffer fimancial and/or equipment
paricipation in a full monitoring program to establish the actual
removal efficiency of this concept, Alexandria will recognize a
65 percent removal efficiency for the BMP for approval purposes.

(For second stage polishing filters, use a coefficient of
permiability (k) = 12 feet per day.)

VIi. BMPs FOR THE WOV DEFAULT CONDITION

The Virginia Stormwater Management Regulations(s) establish the
following conventional BMP standards for treating the WQV:

2a) EXTENDED DETENTION DRY PONDS

The WQV shall be detained and released over 48 hours (this
pond design may result in a detained volume less than the
volume derived from Chart "A"). If this requirement would
result in an outlet opening smaller than three inches in
diameter or the equivalent cross-sectional area, the period
of detention may be waived so that three inches will be the
minimum opening used.

B) RETENTION BASINS (WET PONDS)

The volume of the permanent pool must be at least three
times greater than the WQV.

C) INFILTRATION FACILITIES

The WQV must be completely infiltrated within 48 hours. 1In
addition, (1) the invert of the infiltration facility must
be at least four feet above the seasonal high groundwater
elevation; (2) a detailed soils analysis and report is
required; and (3) in order to avoid groundwater contamina-
tion, approvals will be on a case by case basis after tech-
nical review by the staff of the Director. -

D) UNCONVENTIONAL BMPS

The BMPs discussed in the Virginia Stormwater Management
Regulations have phosphorous removal efficiencies in the 40-
50 percent efficiency range. Section 6217 (g) of the Coastal
zone Act Reauthorization Amendments of 1990, which apply to
Alexandria, further requires that runoff from l?n? develop-
ment be treated with best available technology. 6 Accord-
ingly, unconventional BMPs proposed for satisfying the WQV
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Default condition must have an efficiency of at least 40
percent. The lower performance BMPs allowed for WQV Default
in the original publication of this Supplement no longer
apply.

VI. REDUCED BUFFER EQUIVALENCY

Section 13-109 of the Ordinance provides that the buffer in a
Resource Protection Area may be reduced to an absolute minimum of
50 feet if the Director determines that a combination of a small-
er buffer and appropriate BMPs located landward of the buffer
will achieve the required 75 percent reduction in sediments and
40 percent reduction in nutrients that a full buffer is presumed
to achieve (the buffer shall in no case be less than 50 feet
except within a designated Intensely Developed Area). Worksheet
D: Buffer Equivalency, is provided for use in demonstrating
compliance for proposed reduced buffers.

VII. ACCESS AND MAINTENANCE EASEMENTS

When utilizing conventional BMPs, access and maintenance ease-
ments conforming to the requirements of Chapter 6 of the NVBMPHB
shall be provided (this is not to imply public maintenance of the
BMP--maintenance will be by the owner). When using unconvention-
al BMPs, such easements shall conform to the requirements of
Chapter 2 of this manual.

}A
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I.

II.

III.

BMP

APPENDIX 1-1 —— TECHNICAL NOTES

Sample Calculation to Determine Stormwater Pollution Removal
Requirements for a New Residence:

A recent building plan on Branch Road called for the con-
struction of a new 2,178 square foot residence on an unde-
veloped parcel. The total area of the lot was 11,761
square feet. Since almost 8,000 square feet of land dis-
turbance is involved, a formal plan of development includ-
ing an erosion and sediment control plan is required.
Compilation of the impervious areas of the roof, driveway,
etc., resulted in a total of 0.07 acres, or~26 percent
1mperv1ous cover. Since this is less than the City-wide
average impervious cover of 41 percent, the project would be
exempt from pollutant removal requirements, and a single-
family residence waiver may be obtained for the WQv Default.
However, an erosion and sediment control plan is required.
See Plot Plans and sample calculations sheets at the end of
this appendix.

Sample Calculation to Determine Stormwater Pollutant Removal
Requirements for an Addition to an Existing Residence:

A homeowner on Fairmont Road proposed constructing a 3,050
square foot addition to an existing 2,730 square foot resi-
dence. The area of the site was 10, 018 square feet. Since
clearing the site and construction act1v1ty would result in
over 2,500 square feet of land disturbance, an erosion and
sedlment control plan is required. Total post-development
impervious cover would be 0.08 acres, or 35 percent of the
site. Since this is less than the City-wide average imper-
vious cover of 41 percent, the project would be exempt from
the pollutant removal requirements, and a single family
residence waiver may be obtained for the WQV Default. See
Plot Plans and sample calculations sheets at the end of this
appendix.

Sample Calculation to Determine Stormwater Pollutant Removal
Requirements for Redevelopment of a Parking Lot:

A developer is proposing to construct an underground parking
garage and mixed use development on the site of an existing
parking lot in 0l1d Town. Total area of the site is 31,363
square feet. The existing site is completely covered w1th
asphalt paving. Since over 2,500 square feet of land dis-
turbance is involved, a full plan of development is re-
quired. The stormwater pollutant removal requirements could
have been met by restoring at least 20 percent of the site
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to such pervious cover as landscaping beds. However, be-
cause of space constraints and high land values, the parklng
garage is planned for lot-line to lot-line dimensions,
precluding pervious vegetated open space on the site.
Calculations establish a removal requirement of ten percent
of the pollutants in the post-development stormwater runoff
(see site plan and sample calculations sheets at the end of
this appendix). A stormwater pollutant removal facility
must be provided. Since the site is in a combined sewer
watershed, the first half-inch of runoff from the roof,
driveways and exposed upper parking level must be collected
and held in a Water Quality Volume Storage Tank until it can
be released without contrlbutlng to a combined sewer over-
flow into the Potomac River (see Chapter 2 for details of
this BMP). A holding capacity of 1308 cubic feet (equiva--
lent to (eight feet by eight feet by 21 feet). The tank
will be placed in the lower level of the parking facility.

IV. Sample Calculations to Determine Pollutant Removal Require
ments for a New Shopping Center:

A developer is exploring development possibilities for a
3.4-acre undeveloped parcel in the West End. The storn-
water pollutant removal requirements for this site would
requlre a very efficient BMP. Figure 1-1 graphs the maximum
site 1mperv1ousness allowed for several conventional BMPs
with varying site coverage taking into account Alexandria’s
"average watershed conditions" of 41 percent impervious
cover. TIf 100 percent of the site in question was served by
a small wet pond, some 88 percent of the site could be
covered with impervious materials. The site would require a
pond of 16,600 cubic feet capacity. With an average depth
of six (6) feet, this would have a surface area of approxi-
mately 2,800 square feet (about 53 feet by 53 feet). A
comblnatlon of infiltration wells for roof water and sand
filtration systems for parking lot runoff would be an alter-
nate solution to handle this high pollutant removal require-
ment (see Chapter 2 for details of these BMPs).

V. Sample Calculations to Determine Stormwater Pollutant Removal
Requirements for Redevelopment of a Marina:

The City wishes to develop the 1.l4-acre 0ld Town Yacht
Basin property as a new marina, which is water-dependent
construction. The current level of impervious cover is 100
percent. The development plan calls for restoring 23 per-
cent of the site to such vegetated areas as landscaplng
planting beds. Since this is more than the minimum 20
percent pervious cover standard in Section 7-409 in the
ordinance, the project meets the pollutant removal standards
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without having to construct a BMP. However, the WQV Default
condition would prevail. Runoff from the impervious areas
(parking lot, etc.) will be treated in a half-sized Delaware
Sand Filter (see Chapter 2 for details of this BMP). An
erosion and sediment control plan will also be required.

VI. Sample Calculations to Determine Stormwater Pollutant Removal
Requirements for Redevelopment of an Existing Shopping
Center:

A developer proposes to redevelop an existing 15-acre shop-
ping center by adding buildings and reconfiguring the park-
ing lot. Under current conditions, 12.05 acres, or 80
percent of the site, is covered with impervious surface.
The proposed redevelopment will result in 12.52 acres, or 83
percent of the site, with impervious cover. Calculations
result in a removal requirement of 13.4 percent of the
pollutants in the post-development stormwater runoff (see
site plans and sample calculations sheets at the end of this
appendix). A Delaware Sand Filter sized to treat the Water
Quality Volume would satisfy this requirement (see Chapter 2
for details on this BMP). Since over 2,500 square feet of
land disturbance is involved, an erosion and sediment con-
trol plan is also required.
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

Compile site-specific data and determine site mpervidusness (Isit:e)'

POST-DEVELOPMENT

A% = p0.Z7 acres Rv-post = 0.05 + 0.009 (I 5..)

Ia** structures = a.Q§ acres :
parking lot = acres = 0.05 + 0.009 ( )
roadway = p.0Z acres = ’
other = acres

= acres Ry,atershed is embedded in the formula
in Step 4.
= acres

Total Ia = 'D.sz acres

= (Total Ia/A) %x 100
= 2G__ (percent expressed in whole numbers)

I site

*A is the total area of the site
%% I is the total amount of impervious cover.

2. Determine need to continue.
I cite - 26 ¢ (from Step 1)
watershed = 41%
If T (50 21 watershedléTOP and submit analysis to this point. WQV Default

prevails. See p. 1-8 of the Alexandria Supplement.

If I site >1 watershed CONTINUE.

3. Select C-values (C pre and post)‘

C = 0.26_mg/1 when I < 20 -
‘= 1.08 mg/l when 1 2> 20

Since 1

> 20%, C = 1.08 mg/l

watershed 1% pre .

PAGE 1 of 2
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ALEXANDRYA, VIRGINIA
PHOSPHOROUS

LOADING COMPUTATIONS
/wwlmw
WORKSHEET Amvxmmmm Addiklon 4o A/ M‘—Qﬁ/ '/VM"M’L?(

1. Compile site-specific data( and determine site impe M (Tgipe)-

POST-DEVELOPMENT

Ax ~ 0.3 acres Ry o5 = 0.05 + 0.009 (I g5¢e)

I %* structures = .07 acres ‘
parking lot = acres = 0.05 + 0.009 ( )
roadway = 0.0| acres -
other = acres

- acres Rwatershed is embedded in the formula
in Step
= acres
Total I, = 0.08 acres
1 site = (Total Ia/A) %x 100

= 35 (percent expressed in whole numbers)

*A is the total area of the site
%% I, is the total amount of impervious cover.

2. Determine need to continue.
1 site - 35 % (from Step 1)
watershed = 41%

If I g4ee £ I yatershed STOP and submit analysis to this point. WQV Default.

prevails. See p. 1-8 %f the Alexandria Supplement.

If I > I yatershed CONTINUE.

site

3. Select C-values (C pre and’ post>‘

C = 0.26 mg/l when I < 20
= 1.08 mg/1 when I > 20

Since 1 > 20%, C =1.08 mg/1

watershed 1% » “pre

PAGE 1 of 2
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ALEXANDRYA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET B:, REDEVELOPMENT PWM {?W “”l"”"h !”' e“:t

1.

Compile site-specifie data.

PRE-DEVELOPMENT
AX - Q.fZZ acres
1 a structures = acres
parking lot = 5%?, acres
roadway = acres
other = acres
- acres
- acres

Total I, =~ _O.7C acres

I = (rtotal Ia/A) x 100
-~ |00 percent
expressed in whole

numbers’

R, = 0.05 + (0.009 x I)

- _0.45 unitless

C: I> 20 = 1.08mg/1
I< 20 = 0.26mg/1

- _1.Op mgs1
*A is the total area of the site

** I_ is the total impervious cover on
the site

. Calculate the pre-development load (L pre)‘

Lpre = 8.16 x P\r-pre x CxA

=8.16x 0.95x _|-0&6 x 07T

- 603 pounds per year

BMP SUPPLEMENT i 2/1/92

POST-DEVELOPHMENT

0.r72 acres
0-Z& acres
0. 1C acres
Q.Q% acres
0.25 acres

acres

acres

= O.7Z acres’

= 100 percent
expressed in whole
numbers

- O 42 unitless

= 1.08 mg/l

PAGE 1 of 2
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. ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET B: REDEVELOPMENT

3. Calculate the post-development load (L

Lpost = 8.16 x Rv—post X CxA

-8.16x 0.95 x .08 x 072

- .03 pounds per year

post)

4, Calculate the pollutant removal requiremént (RR).
BR = Looee - (0.9 x L ) %RR = (RR/Lp, ) x 100
- 6.03 - (0.9x 5.03) ~(_0:G 7 6-03) x 100
- 0.6 pounds per year - 10 s

PAGE 2 of 2

BMP SUPPLEMENT ) 2/1/92 | Page lfAl‘iZ



HILN3D ONIJJOHS 133YLS AVE 3INVIJVSIHO "LSIX3

Page 1-A1413

£ o o o o T e e o
“ _ [
1 “ |
| O
-ll!ll!id “
| “ ONIQTINg |
| _ LSIX3 =™
m¥<>¥qumm “ . “
1SIX3 “ “
| _
_ |
_ |
| o
I

g —— W e

INVIJYSIHO

2/1/92

BMP SUPPLEMENT



, NVId IN3WJO13A3A3Y
mm._.zmo wz_an_OIm 13341S AVE ux<m¢<mm10

- N faml
x&f»fxrw. ltlwx N U ,\gnv
1) 1 ~ {0
7ivi3y _
L ¥3LN3O0 N3QHVO
§ T — i
M_Swm‘ {} %@ .@w . A,v
T | — 1%
- 14 v ¥3LN3D 3WOH {
Vﬁw 107 @,@ ‘ONINYVd ] o . Anu.‘
¢ P 3 B
| o 2 g 1
| {
" . o oo O
133418 Q m&
Avg

IMV3I4vSIHY

BMP SUPPLEMENT

Page 1-A1}:-14 -

2/1/92



ALEXANDRIA, VIRGINIA

PHOSPHOROUS

LOADING COMPUTATIONS

Compile site-specific data.

PRE-DEVELOPMENT
A% = _[5.00acres
I, structures = acres
parking lot = acres
roadway = -0 acres
other - acres
- acres
- acres

a—

Total I, - /é;.gx5acres

:I T.(total Ia A) x 100

- PO percent
expressed in vhole

R~ 0.05 + (0.009 numbers
x I)

> ] l/

.

¥

7
< P 2 y
-~ & AA LS A I I LA

Ny

POST-DEVELOPMENT
/5.00acres
acres
. cres
acres
acres
acres

[é_f_@acres

ercent

.:;Ai) ,

expressed in whole

numbers

=~ 0.77 unitless - O.80 - unitless

C: I> 20 = 1.08mg/1
I< 20 = 0.26mg/1

- _[.O8 mgn1
*A is the total area of the site

** I_ is the total impervious cover on
the site

Calculate the pre-development load (L Pre?

Lpre - 8.16 x Rv-pre x Cx A

-8.16 x 0.77 x /-08 =x /5.0

- /t)Lffi pounds per year

BMP SUPPLEMENT ) 2/1/92
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS -
LOADING COMPUTATIONS

WORKSHEET B: REDEVELOPMENT

3. Calculate the post-development load (L post:)

Lpost - 8.16 x &r«post xCxA

-8.16 x 0.80 x 108 x /5.0

- /05.8 pounds per year

4.  Calculate the pollutant removal requirement (RR).
RR = Lo o - (0.9 x L) SRR = (RR/Lj,c.) x 100
-/05.8- .9 x [01.8) ~(J4.2 7/05,8) x 100
- /4.2 pounds per year - /3. 45

BMP SUPPLEMENT . .. .. _....2/M/92 __ . ... ... ...
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET A: NEW DEVELOPMENT

1. Compile site-specific data and determine site imperviousness (I 4..)-

POST-DEVELOPMENT

Ax = acres Rv-post = 0.05 + 0.009 (1 site)
Ia** structures = acres
parking lot = acres = 0.05 + 0.009 ( )
roadway = acres =
other = acres
= acres Ryatershed is embedded in the formula
in Step 4.
= acres
Total Ia = acres
I gite = (Total I./A) x 100

= (percent expressed in whole numbers)

%A is the total area of the site
*% I, is the total amount of impervious cover.

2. Determine need to continue.
I site = % (from Step 1)
watershed = 41%

If 1 site S I watershed STOP and submit analysis to this point. WQV Default

prevails. See p. 1-8 of the Alexandria Supplement.
If I

>1I 4 CONTINUE.

site watershe

3. Select C-values (C pre and post)‘
C=0.26 mg/1 when I < 20
= 1.08 mg/1 when I > 20

Since I

a is > 20%, C = 1.08 mg/l

watershe pre

«

Ty
Page 1 of 2
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET A: NEW DEVELOPMENT

4,

Calculate the pre-development load (L pre)'
LPre=3'69 XA
= 3.69 x Acres

= pounds per year ‘

Calculate the post-development load (L post).

L post = 8.16 x Rv X CxA

= 8.16 x x X ‘ !

= pounds per year

Calculate the pollutant removal requirement (RR).

RR = Loost - Lore

= pounds per year

To determine the overall BMP efficiency required (%RR) when selecting BMP
options:
$RR = RR/Lpost x 100

= ( / ) x 100

- % -7

"$~ R

Page 2 of 2
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET B: REDEVELOPMENT

1. Compile site-specific data.

PRE-DEVELOPMENT POST-DEVELOPMENT

A% = acres = acres

Ia structures = acres = acres

parking lot = acres = acres

roadway = acres = acres

other = acres = acres

= acres = acres

= acres = acres

Total Ia = acres = acres

I = (total Ia/A) x 100

= percent = percent
expressed in whole expressed in whole
numbers nunmbers

R, = 0.05 + (0.009 x I)

= unitless = unitless

C: I> 20 = 1.08mg/1
I< 20 = 0.26mg/1

= __ mg/l =  mg/l

*A is the total area of the site
*% I, is the total impervious cover on

the site
2. Calculate the pre-development load (L pre)
Lpre = 8.16 x Rv-pre xCxA
= 8,16 x X X

= pounds per year

- ,;}
Page 1 of 2
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ALEXANDRIA, VIRGINTIA

PHOSPHOROUS

LOADING COMPUTATIONS

WORKSHEET B: REDEVELOPMENT

3. Calculate the post-development load (L post)
Lpost = 8§.16 x Rv—post xCxA
= 8.16 x 4 b4
= pounds per year
4. - Calculate the pollutant removal requirement (RR).

RR = Loost - (0.9 x L pre)

= - (0.9 x

= pounds per year

BMP SUPPLEMENT

R = (RR/Ly,c.) x 100

=( / ) x 100

- 3

,3}
' Page 2 of 2
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ALEXANDRTA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET GC: COMPLYANCE

Select BMP options using screening tools and list them below. Then calculate the
load removed for each option. DO NOT LIST BMPs IN SERIES HERE.

Fraction of
CBPA Drainage

Removal#* Area Served Load
Selected Efficiency x (expressed in x ost =~ Removed
Option (% 100) decimal form) (1bs/yr) (lbs/yr)

*For conventional BMPs, see Section IIa of the Northern Virginia BMP Handbook
(NVBMPHB) published by the Northern Virginia Planning District Commission or Chapter
1 of the Alexandria Supplement to the NVBMPHB. For non-conventional BMPs, see
Section IV, Chapter 1 of the Alexandria Supplement.

- -
Page 1 of 1
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET D: BUFFER EQUIVALENGY

1. Calculate the drainage area (Ad) served by the buffer.

Assume a maximum of 200 feet of overland flow can be handled by  the buffer
(the 200 foot maximum is required by the new ESC regulations (VR 625-02-00)
and is suggested policy by both VDOT and ASCS-SCS). Average the width (wavg)
of the site along the inland side of the proposed reduced buffer.

Ag = 200" x W, .

Ay = 200 x _ = sqft

2. Compile site-specific data and determine imperviousness (I) of the buffer
drainage area Ay .

I_,: structures = sqft
parking lot = sqft
roadway = sqft
other = sqft

= sqft
= sqft
Total I, = sqft
I = (Total I,/4) x 100 = percent expressed in whole numbers

Ry.g = 0.05 + (0.009 x I) = 0.05 x (0.009 x )

= unitless

C: = 1.08 mg/1l if I > 20
= 0.26 mg/1 if I < 20
3. Calculate the pollutant load (Lg) generated by the drainage area of the

buffer.

Ld = 8.16 x Rdd x Cx Ad

= 8§.16 x % X

= lb/yr.

5 3“ R

Page 1 of 2
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ALEXANDRIA, VIRGINIA
PHOSPHOROUS
LOADING COMPUTATIONS

WORKSHEET D: BUFFER EQUIVALENCY

4. Determine the maximum load capable of being removed by the full buffer.

Multiply the load generated (from Step 3) by 0.40 (the removal rate dictated
by the Regulations for a full 100-foot buffer).

Rep = 0.40 x Lg = 0.40 x - ibs/yr.
5. Determine the load removed by the remaining, undisturbed buffer.
Total Buffer Length Removal Efficiency
100 (no encroachment) .40
90 (10' encroachment) .37
80 (20’ encroachment) .35
70 (30' encroachment) .32
60 (40" encroachment) .30
50 (max. encroachment) .25

Multiply the load generated (from Step 3) by the appropriate removal rate
shown above.

R, p = Removal efficiency x L4

6. Determine the load removal requirement of an "equivalent" BMP.

RRbmp " Rep - Ryp = -
= 1bs/yr.

7. Determine available BMP options.
Sometimes an additional (relocated) buffer width may be appropriate.
Provide adequate BMP design.
WL

Page 2 of 2
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