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Exercise 3

BMP Review




Bioretention Design to Review



Exercise 3 Materials

In your participant guide:
e Exercise 3 Instructions

— Use this sheet to jot
down your results
and notes



Exercise 3 Materials

In your participant guide:

* Bioretention BMP
checklist

— Appendix Il



Exercise 3 Materials

P-FIL-05
Bioretention
Specification
(and others
as applicable)

* VSMHB



Exercise 3 Materials

Virginia Runoff
Reduction Method
(VRRM) 4.1 New
Development
Spreadsheet




Exercise 3

BMP Review

Site Information: Determine:

* Project area = 6.7 acres - If the facility is
' I
. AlL“C” soils designed properly
* Treatment by a single Bioretention
(P-FIL-05) Level 1 facility

Land Use and Drainage Information:

m Managed Turf m

Site Data 1.25 6.70

Drainage Area Data
. . 1.9 1.10 1.67 4.67
(to Bioretention)




Exercise 3 BMP Review

Main review areas:

Design for Level 1
(Soil testing, underdrains, contributing drainage area)

Surface area sizing
(VRRM spreadsheet needed)

Soil media, maximum ponding and side slopes
Inlets and flow path
Spillway and outlets



Evaluate:

Design for Level 1



Evaluate: Design for Level 1

Hint: Look at the design criteria (Table P-FIL-05-3)
_in the P-FIL-05 Bioretention Specification. |

Subsoil testing
Underdrain requirements

Contributing drainage area




Evaluate: Design for Level 1

Hint: Look at the design criteria (Table P-FIL-05-3)
in the P-FIL-05 Bioretention Specification. As well
as the provided Table 6-19.

Any concerns?




Evaluate: Design for Level 1

Hint: Look at the design criteria (Table P-FIL-05-3)
_in the P-FIL-05 Bioretention Specification.

LEVE' 1 bUt"' Subsoil testing: If they are not
going to use an underdrain, testing

No underdrain needs to be required

No soil testing




P-FIL-05
Bioretention
specification
(Table P-FIL-05-3)
Subsoil testing




Evaluate:

Surface Area Sizing
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Evaluate:

Surface Area
Sizing
See Table P-FIL-05-03
and Section 5.1.2

Use VRRM 4.1 New
Development
spreadsheet to verify
volume

Any issues?

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED
BMP Tv=8,231 C.F.
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN
WET STORAGE = 12 IN
STORAGE DEPTH = DEPTH x VOID RATIO
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F.
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F.

SPILLWAY CALCULATIONS:

Q2 = 5.8 CFS§, Q10 = 122 CFS

SLOPE = 33%

DIMENSIONS: BOTTOM WIDTH = 8 FT
SIDE SLOPES = 2:1

SHEAR STRESS = Rh X SLOPE X Sw WATER
=0.28 X0.33 X 62.4 =577 LB/SF

CLASS Il RIPRAP FOR CHANNEL LINING




Slide 16

TCO Note to DEQ: Revise if the sizing calculation is no longer in the PG (Module 6)
Tamira Cohen, 2024-08-20T02:29:21.854



Bioretention
spec P-FIL-05

Sizing (surface area)

Table P-FIL-05-03
and see section 5.1




5.1.2 Surface Area Sizing

Surface Area Sizing for Stormwater Quality. Froper sizing of the surface area is important for bioretention
for three main reasons:

1.

The first is to ensure that the surface area size is not too small to accommodate the expected design
volume of flow. If the practice is too small, a portion of the treatment volume will bypass the practice. As an
example, runoff volume bypass could occur at 0.7 inches of rainfall or greater depending on rainfall
intensity. Local topography and the hydraulic conductivity (Kggt) of the soil media or native soil, whichever

I3 the limiting Kgq; value.

The second reason is to confirm that the design storage volume passes through and exfiltrates from
the practice within specified drain times. Drain times aim to ensure storage is available within the
practice between storm events and to prevent the soill media from being saturated for an extended period.

The third reason involves the land use designation within the VRRM spreadsheet. Provided the
bioretention practice is designed and maintained as directed in this specification, the surface area is
counted as forest and mixed open space in the ‘U’HRM_SPreadsheet DEQ VRREM User Guide).

The surface area size for any practice will be based on the comparison of two equations. One equation is
based on the volumetric requirements of the practice (Molumetric method) and the other is based on the
interaction of the practice with its surrounding soil environment (Flow-rate method). Both equations require
knowing Tvgpp. which is the treatment volume based on the runoff generated from the 1-inch storm event, and

includes runoff from impervious surfaces and managed turf within the contributing drainage area to the BMFP
plus any remaining runoff volume from upstream runoff reduction practices. Any forest or mixed open space
areas included within the contributing drainage area are not part of the Tvgyp. The Tvgye for Level 1 designs

can be obtained from the VRRM spreadsheet. For Level 2 designs, use Equation P-FIL-03-1 to calculate the
TVBME -



Bioretention
spec P-FIL-05

L
e e e e
Table P-FIL-05-03
e Sizing (surface area)

e Also, see section 5.1

Egn. P-FIL-05-1: Treatment Volume Calculation

TVgp = (Ciever X Ry X A) = 12) — the volume reduced by an upstream P-BMP
Ciove = factor set to 1 inch (for Level 1 designs) or 1.25 inches (for Level 2 designs)
R, = composite volumetric runoff coefficient from VRRM DA Tab

A = drainage area to BMP (square feet)
5.1 BMP Sizing

To function as designed, a bioretention practice must be sized based on the design criteria in Table P-FIL-02-
3. An example of initial sizing calculations is given in Appendix F. The final footprint of the bioretention practice
will consist of the pretreatment area and the surface ponding area. The size of the practice is determined by
the design level (Level 1 or 2), which will depend on the amount of P to be removed, the hydraulic conductivity
(Keqt) OF the underlying native soils, and whether an underdrain can be daylighted. The size of the practice

could also be influenced by storage added to meet water quantity reguirements. This section provides the
means to properly size a bioretention practice to capture the BMP design treatment volume (T,gyp) and any

additional volume to help manage water quantity.



Bioretention spec P-FIL-05
Table P-FIL-05-03 and section 5.1

Sizing (surface area)

Eqn. P-FIL-05-2: Volumetric Approach
Surface Area (sq. ft.) = Tvg,,, /ESD

ESD = equivalent storage depth (in feet) representing all the void spaces
available for water storage within the surface ponding area, soil media, and

gravel layer (if used)

5.1.1 Compeonent Depths

The various layers of the bioretention practice are referred to as components. A bioretention practice must
contain & ponding area and soil filter media. A gravel layer can also be added, and designers can choose from

different options for the gravel layer. The gravel layer is called a “sump” for Level 2 designs because the
underdrain is located at the top of the gravel. Each component has established minimum and maximum depths
(Table P-FIL-02-3). The depths of the selected components are used in the computation for the surface area of
the practice.



Bioretention spec P-FIL-05
Table P-FIL-05-03 and section 5.1

Sizing (surface area)

Eqn. P-FIL-05-2: Volumetric Approach
Surface Area (sq. ft.) = Tvg,,, /ESD

ESD = equivalent storage depth (in feet) representing all the void spaces
available for water storage within the surface ponding area, soil media, and
gravel layer (if used)

ESD (ft) = (dponding X r’ponding) t (dmedia X r’media) t (dgravel X r’gravel)
d = depth of respective layer (ponding, media, or gravel in feet)

n = available porosity of respective layer (ponding, media or gravel;
Table P-FIL-05-04



Bioretention spec P-FIL-05
Table P-FIL-05-04 and section 5.1

Porosity for Bioretention Components

ESD (ft) = (dponding X r’ponding) t (dmedia X r’media) t (dgravel X r’gravel)
d = depth of respective layer (ponding, media, or gravel in feet)

n = available porosity of respective layer (ponding, media or gravel;
Table P-FIL-05-04

Table P-FIL-05-4 Estimated Porosity for Each Bioretention Component

Bioretention Component Available Porosity (n)
Ponding Area 1.0
Soil Media 0.25*
Gravel Layer 0.40

Note:
*Estimated value assuming full media dry-down.



A\l Surface Area Sizing
R =

g - By \\.-"

H Bioretention L1

BIORETENTION LEVEL 1 +
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ESD = depth x available porosity
S8l Ponding area n = 1.0
P soil media n = 0.25

3 Gravel n = 0.40

(2 ft x 0.25) + (1 ft x 0.40) + (1 ft x 1.0)

L e ouert
RO [ Y -
° =1.90 ft
\ '—FHETHEATMEN/ i
SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:
BMP Tv=8231 C.F. Q2 = 5.8 CFS§, Q10 = 122 CFS

SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1

=(24X0.258)+(12X0.4)+(12X1) = 228 IN=1.9FT
BIORETENTION SURFACE AREA SHEAR STRESS = Rh X SLOPE X Sw WATER

=Twv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. =0.28 X0.33 X 62.4 =577 LB/SF
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




A\ Surface Area Sizing
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| Bioretention L1

BIORETENTION LEVEL 1 +
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Based on entire site

Includes Forest areas

| EX. IMFLOW P
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SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED ~ SPILLWAY CALCULATIONS:
BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Bioretention spec P-FIL-05

VRRM 4.1 (Drainage Area Tab)

Drainage Area A

Drainage Area A Land Cover (acres)

A Soils B Soils C Soils D Soils Totals Composite
Land Cover Rv Loading P
Forest (acres) 167 1.67 0.04 0.08
Mixed Open (acres) 0.00 0.00 0.00
Managed Turf (acres) 1.10 1.10 0.22 0.75
Impervious Cover (acres) 1.90 1.90 0.95 0.86
Total 4.67

Stormwater Best Management Practices (RR = Runoff Reduction)

Runoff Mixed Open | Managed Turf | Impervious | Volume from Runoff Remaining Total BMP
Practice Reduction Credit Area Credit Area | Cover Credit Upstream Reducti {ft3) Runoff Volumey Treatment
. eduction
Credit (%) (acres) (acres) Area (acres) | Practice (ft°) (ft%) Volume (ft°)

6. Bioretention (RR)
6.a. Bioretention #1 or Micro-Bioretention #1
or Urban Bioretention (P-FIL-05)

6.b. Bioretention #2 or
Micro-Bioretention #2 (P-FIL-05)

40

80




Surface Area

Sizing

Should use Tvg,,p

RETENTION LEVEL 1 +

BIO
v
Tv from DA tab
Biorention SA = —2*
_ 7431cf versizea:
ek , Q But designed for up
=3,911.1 sf
! 7 o .- <> to 10-year storm
. f‘ Drainage Area is over Maximum ";' disch arge
recommended

kEx. INFLOW P i
M PARKINGLOT ~  ~

\ SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED ~ SPILLWAY CALCULATIONS:
BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS

SOIL MEDIA DEPTH = 24 IN

GRAVEL SUMP = 12 IN SLOPE = 33%

WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT

STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT

BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S F.

TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING
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SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED
BMP Tv=8,231 C.F.
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN
WET STORAGE = 12 IN
STORAGE DEPTH = DEPTH x VOID RATIO
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F.
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F.

Surface Area
Sizing
Drain times

through practice
components not

provided

Additional
considerations....

SPILLWAY CALCULATIONS:

Q2 = 5.8 CFS§, Q10 = 122 CFS

SLOPE = 33%

DIMENSIONS: BOTTOM WIDTH = 8 FT
SIDE SLOPES = 2:1

SHEAR STRESS = Rh X SLOPE X Sw WATER
=0.28 X0.33 X 62.4 =577 LB/SF

CLASS Il RIPRAP FOR CHANNEL LINING




P-FIL-05

Bioretention

(Table P-FIL-05-3)
Ksat?

Drain time
verification?

Ponding volume
must drain in 48 hrs
or less

Design volume must
drain in 72 hrs or
less with no
underdrain




Bioretention spec P-FIL-05

Sizing (surface area) - Flow-rate approach

Eqn. P-FIL-05-3: Bioretention Surface Area Using Darcy’s Law

(Flow-rate approach, i.e., drain time)

Surface Areq = (12 X 7-VBMP X dmedia = [td X Ksat X (dponding * dmedia)]
SA = surface area of bioretention practice (sq. ft.)
TvBMP = treatment volume of the BMP (cu. ft.)
d,..ic = depth of soil filter media (ft.)
td = required drain time (hr.); maximum is 48 hours for ponding volume
K.,. = hydraulic conductivity (in./hr.);
L1 or L2 without underdrain, use K., of most restrictive layer (native soil or media)

dyonding = depth of ponding area (ft.)



Bioretention spec P-FIL-05

Sizing (surface area) - Flow-rate approach




Bioretention spec P-FIL-05

Sizing (surface area) - Flow-rate approach

Additional drain time equations for
practice are included in P-FIL-05
section 5.1.3

 Eqn. P-FIL-05-4: Drain Time of Surface Ponding Area
td-PV =12 x PV / (Ksat x SA)

* Egn. P-FIL-05-5: Drain Time of Treatment Volume
td-TV =12 x TvBMP / (Ksat x SA)

* Eqn. P-FIL-05-6: VVolume Available for Quantity Requirements
QV = (Ksat x SA x td-TV / 12) - TvBMP



Evaluate:
Side Slopes,
Soil Media, and

Maximum Ponding



Evaluate: Slopes

/

A Y

i CONTOUR INTERVAL = 2 FEET

o 10 20
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Evaluate: Soil Media Any issues?

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate: Slopes

/

N See Table P-FIL-05-3
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Evaluate: Slopes

520_{ HI:II:NIII;IN LEWVEL 1 {::E: | _ _
S195 | Also see P-FIL-05

5185 . s section 5.2.2 (Side

Side slopes of ponding
area are required to be

% y . -~ . -_:‘::;.:.--'5 {E_\__/—
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| 3H:1V or flatter
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i CONTOUR INTERVAL = 2 FEET
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P-FIL-05

1 Bioretention
specification
(Table P-FIL-05-3)

e Side slopes must

be 3H:1V or
flatter

A




I --------- |
1 Side slopes must be :

:3Hzlv or flatter i

12011 design I

Ispecification - Side | .
:slopes of 3H:1V or | FIgS. 9.4A-B from

I flatter was a : 2011 Bioretention
[

I .
[ecommendation_ Spec. #9, section 3




Evaluate:
Soil Media



Evaluate: Soil Media

P-FIL-05 Bioretention specification (Table P-FIL-05-3)

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Bioretention
spec P-FIL-05

Sizing (surface area)

Table P-FIL-05-03




Evaluate: Soil Media

€ = e e e e

€€ e e e

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:
SAP Thvs8.231 C.F. Q2 = 5.8 CFS§, Q10 = 122 CFS

w1 LY

SOIL MEDIA DEPTH = 24 IN
)

= SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate:

Maximum Ponding



Evaluate: Maximum Ponding Any issues?

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate: Maximum Ponding

| Depth given as 12 inches

€ = e e e

€€ = e e e e e

SIZING CALCULATIONS, BIORETENTION LEVEL 1:

POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:
BMP Tv=8231 C.F. Q2 = 5.8 CFS§, Q10 = 122 CFS

SOIL MEDIA DEPTH = 24 IN

2 A Y " SLOPE — 33%
DIMENSIONS: BOTTOM WIDTH = 8 FT
TORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
= (24X0.25)+(12X0.4)+(12X1) = 22.8 IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
—Tv/ STORAGE DEPTH — 8,231/1.9 = 4,332 S.F. ~0.28 X0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Bioretention Specification P-FIL-05

Table P-FIL-05-3 (Maximum Ponding)




Bioretention Specification P-FIL-05

Table P-FIL-05-3 (Maximum Ponding)

Notes:

* The native soll may be amended to lower the hydraulic conductivity below 10 inches per hour (see Appendix F).

T If part of a treatment train, the treatment volume calculated by the VERM spreadsheet includes the remaining volume from an

EPonding depths between 6-12 inches need to incorporate plants that tolerate widely ﬂuctuating water levels. I

I I I I D D D D N D D D S DS D B . I I I S .
& Additional depth can be added to the filter media and/or gravel layer/sump to help meet water quantity requirements. This additional

depth is not used for surface area sizing calculations. See Section 5.2.

*When used in tree planter applications, at least 36" of suitable rooting depth must be maintained. For example, if filler media depth
Is 247 at least 127 of non-compacted suitable soil that meets overall media Ksat criteria should be employed between the media and
the underdrain or soil infiltration zone.



Evaluate: Maximum Ponding

| Depth given as 12 inches

€ = e e e

€ - ——m— Will need special
planting plan due to
ponding depth being
greater than 6 inches

SIZING CALCULATIONS, BIORETENTION LEVEL 1:

POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:
BMP Tv=8231 C.F. Q2 = 5.8 CFS§, Q10 = 122 CFS

SOIL MEDIA DEPTH = 24 IN

2 A Y " SLOPE — 33%
DIMENSIONS: BOTTOM WIDTH = 8 FT
TORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
= (24X0.25)+(12X0.4)+(12X1) = 22.8 IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
—Tv/ STORAGE DEPTH — 8,231/1.9 = 4,332 S.F. ~0.28 X0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate:

Inlets



Evaluate:
Inlets

Hint: See Pretreatment
Specification P-SUP-06

Any issues?

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED
BMP Tv=8,231 C.F.
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN
WET STORAGE = 12 IN
STORAGE DEPTH = DEPTH x VOID RATIO
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F.
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F.

SPILLWAY CALCULATIONS:

Q2 = 5.8 CFS§, Q10 = 122 CFS

SLOPE = 33%

DIMENSIONS: BOTTOM WIDTH = 8 FT
SIDE SLOPES = 2:1

SHEAR STRESS = Rh X SLOPE X Sw WATER
=0.28 X0.33 X 62.4 =577 LB/SF

CLASS Il RIPRAP FOR CHANNEL LINING




P-FIL-05 Bioretention specification,

section 5.1, contributing drainage area




Bioretention Specification P-FIL-05

Inlets (Pretreatment P-SUP-06)



Bioretention Specification P-FIL-05

Inlets (Pretreatment P-SUP-06)



Bioretention Specification P-FIL-05

Inlets (Pretreatment P-SUP-06)



Evaluate:
Flow Path
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Evaluate:
Flow Path
(Inlet to Outlet)

See Bioretention
Specification P-FIL-05,

Table P-FIL-03 and
section 5.9
(Geometry)

Any issues?

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED
BMP Tv=8,231 C.F.
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN
WET STORAGE = 12 IN
STORAGE DEPTH = DEPTH x VOID RATIO
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F.
SURFACE AREA PROVIDED = 4,345 S F.
TREATMENT VOLUME PROVIDED = 8,255 C.F.

SPILLWAY CALCULATIONS:

Q2 = 5.8 CFS§, Q10 = 122 CFS

SLOPE = 33%

DIMENSIONS: BOTTOM WIDTH = 8 FT
SIDE SLOPES = 2:1

SHEAR STRESS = Rh X SLOPE X Sw WATER
=0.28 X0.33 X 62.4 =577 LB/SF

CLASS Il RIPRAP FOR CHANNEL LINING




Bioretention Specification P-FIL-05
Table P-FIL-05-3 and Section 5.9 (Geometry)




Bioretention Specification P-FIL-05

Section 5.9 (Geometry)




Bioretention Ponding

| Depth given as 12 inches

€ = e e e

€€ = e e e e e

SIZING CALCULATIONS, BIORETENTION LEVEL 1:

POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:
BMP Tv=8231 C.F. Q2 = 5.8 CFS§, Q10 = 122 CFS

SOIL MEDIA DEPTH = 24 IN

2 A Y " SLOPE — 33%
DIMENSIONS: BOTTOM WIDTH = 8 FT
TORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
= (24X0.25)+(12X0.4)+(12X1) = 22.8 IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
—Tv/ STORAGE DEPTH — 8,231/1.9 = 4,332 S.F. ~0.28 X0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate:

Spillway



Designed for
up to 10-year
storm
discharge

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Evaluate: Spillway

Designed for
up to 10-year
storm
discharge

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. " CLASS Il RIPRAP FOR CHANNEL LINING










Evaluate:
Outlets



e

g7~ Evaluate:
Outlets

BIDRETENTION LEVEL 1

Any issues?

BICRETENTION
QUTLET

EISTING 18 RC2, SLOPE

.
\ *
Y P /‘/

SIZING CALCULATIONS, BIORETENTION LEVEL 1:
POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




g/ Evaluate:
' Outlet

No designed
channelfrom::. .
overflow to outlet

of site

BICRETENTICMN
QUTLET

EISTING 18 RC2, 5LOPE
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SIZING CALCULATIONS, BIORETENTION LEVEL 1:

POST DEVELOPMENT BMP TREATMENT VOLUME REQUIRED SPILLWAY CALCULATIONS:

BMP Tv=8,231 C.F. Q2 = 5.8 CFS, Q10 = 122 CFS
SOIL MEDIA DEPTH = 24 IN
GRAVEL SUMP = 12 IN SLOPE = 33%
WET STORAGE = 12 IN DIMENSIONS: BOTTOM WIDTH = 8 FT
STORAGE DEPTH = DEPTH x VOID RATIO SIDE SLOPES = 2:1
=(24X0.25)+(12X0.4)+(12X1) = 22.8IN = 1.9 FT
BIORETENTION SURFACE AREA SHEAR STRESS — Rh X SLOPE X Sw WATER
~Tv/ STORAGE DEPTH = 8,231/1.9 = 4,332 S.F. ~0.28 X 0.33 X 62.4 = 577 LB/SF

SURFACE AREA PROVIDED = 4,345 S.F.
TREATMENT VOLUME PROVIDED = 8,255 C.F. CLASS Il RIPRAP FOR CHANNEL LINING




Bioretention Specification P-FIL-05
Table P-FIL-05-3 and Section 5.8

(Conveyance and Overflow)

Table P-FIL-05-3 Bioretention Design Primary Criteria

Level 1 Design Level 2 Design

onveyance and Qverflow: Off-line/Cn-line option

Geometry:
Concentrated flow: Locate inlets and outlets as far apart as possible. Non-concentrated flow: Distribute inflow
evenly across filter surface area.

5.8 Conveyance and Overflow
There are two basic design approaches for conveying runoff into, through, and around bioretention practices:

1. Off-line: Flow is split or diverted so that only the BMP treatment volume or design flow enters the
bioretention area. Larger flows bypass the bioretention treatment.

2. On-line: All runoff from the contributing drainage area flows into the practice. Flows that exceed the
design capacity exit the practice via an overflow structure or weir.



Questions?
Comments?
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