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Exercise 3
BMP Review



Bioretention Design to Review



Exercise 3 Materials

In your participant guide:

• Exercise 3 Instructions

– Use this sheet to jot 
down your results 
and notes



In your participant guide:

• Bioretention BMP 
checklist

– Appendix III

Exercise 3 Materials



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:

• Project area = 6.7 acres

• All “C” soils

• Treatment by a single Bioretention 
(P-FIL-05) Level 1 facility

Determine:

 If the facility is 
designed properly

TotalForestManaged TurfImperviousArea (acres)

6.703.501.251.95Site Data

4.671.671.101.9
Drainage Area Data 

(to Bioretention)

Land Use and Drainage Information:



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.

Level 1 but…

No underdrain

No soil testing

Subsoil testing: If they are not 
going to use an underdrain, testing 
needs to be required



P-FIL-05 
Bioretention 
specification

(Table P-FIL-05-3)

Subsoil testing



Evaluate: 

Surface Area Sizing



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? 

TC0



Slide 16

TC0 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





Bioretention 
spec P-FIL-05 
Table P-FIL-05-03

• Sizing (surface area)

• Also, see section 5.1

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

TvBMP = (Clevel x RV x A) 12) – the volume reduced by an upstream P-BMP

Clevel = factor set to 1 inch (for Level 1 designs) or 1.25 inches (for Level 2 designs)

RV = composite volumetric runoff coefficient from VRRM DA Tab

A = drainage area to BMP (square feet)



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.) = TvBMP /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)



Eqn. P-FIL-05-2: Volumetric Approach

Surface Area (sq. ft.) = TvBMP /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 × ηponding) + (dmedia × ηmedia) + (dgravel × ηgravel)

d = depth of respective layer (ponding, media, or gravel in feet)

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

Bioretention spec P-FIL-05 
Table P-FIL-05-03 and section 5.1
Sizing (surface area)



Bioretention spec P-FIL-05 
Table P-FIL-05-04 and section 5.1
Porosity for Bioretention Components

ESD (ft.) = (dponding × ηponding) + (dmedia × ηmedia) + (dgravel × ηgravel)

d = depth of respective layer (ponding, media, or gravel in feet)

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



Surface Area Sizing

Bioretention L1

ESD = depth x available porosity

Ponding area η = 1.0

Soil media η = 0.25

Gravel η = 0.40 

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

= 1.90 ft



Surface Area Sizing

Bioretention L1

Surface area (SA) = TvBMP/ ESD

TvBMP of 8,231 cubic ft 

• Based on entire site

• Includes Forest areas



Bioretention spec P-FIL-05
VRRM 4.1 (Drainage Area Tab) 



Surface Area 
Sizing

• Should use TvBMP

from DA tab

• Oversized?

• But designed for up 
to 10-year storm 
dischargeDrainage Area is over Maximum 

recommended

TvBMP

!



Surface Area 
Sizing

• Drain times 
through practice 
components not 
provided

• Additional 
considerations….

!



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



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

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

Surface Area = (12 × TvBMP × dmedia) [td × Ksat x (dponding + dmedia)]
SA = surface area of bioretention practice (sq. ft.)

TvBMP = treatment volume of the BMP (cu. ft.)

dmedia = depth of soil filter media (ft.)

td = required drain time (hr.); maximum is 48 hours for ponding volume

Ksat = hydraulic conductivity (in./hr.);

L1 or L2 without underdrain, use Ksat of most restrictive layer (native soil or media)

dponding = 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



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 × PV / (Ksat × SA)

• Eqn. P-FIL-05-5: Drain Time of Treatment Volume

td-TV = 12 × TvBMP / (Ksat × SA)

• Eqn. P-FIL-05-6: Volume Available for Quantity Requirements

QV = (Ksat × SA × td-TV / 12) - TvBMP



Evaluate: 

Side Slopes, 

Soil Media, and 

Maximum Ponding



Evaluate: Slopes

520
519

518

Any issues? 



Evaluate: Soil Media Any issues?



Evaluate: Slopes

520
519

518

See Table P-FIL-05-3



Evaluate: Slopes

520
519

518

Also see P-FIL-05 
section 5.2.2 (Side 
Slopes)

• Side slopes of ponding 
area are required to be 
3H:1V or flatter 



P-FIL-05 
Bioretention 
specification

(Table P-FIL-05-3)

• Side slopes must 
be 3H:1V or 
flatter

!



Figs. 9.4A-B from 
2011 Bioretention 
Spec. #9, section 3  

Side slopes must be 
3H:1V or flatter

2011 design 
specification - Side 
slopes of 3H:1V or 
flatter was a 
recommendation



Evaluate: 

Soil Media



Evaluate: Soil Media

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

Any issues?



Bioretention 
spec P-FIL-05 

Sizing (surface area)

Table P-FIL-05-03



Evaluate: Soil Media



Evaluate: 

Maximum Ponding



Evaluate: Maximum Ponding Any issues?



Evaluate: Maximum Ponding

Depth given as 12 inches



Bioretention Specification P-FIL-05 

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



Bioretention Specification P-FIL-05 

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



Evaluate: Maximum Ponding

Will need special 
planting plan due to 
ponding depth being 
greater than 6 inches

!
Depth given as 12 inches



Evaluate: 

Inlets



Evaluate:

Inlets

Hint: See Pretreatment 
Specification P-SUP-06

Any issues?

No pretreatment

Pretreatment 
sizing?



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



Evaluate:

Flow Path 

(Inlet to Outlet)

See Bioretention 
Specification P-FIL-05, 
Table P-FIL-03 and 
section 5.9 
(Geometry) 

Any issues?



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



Evaluate: 

Spillway



Evaluate: Spillway Any issues?

Designed for 
up to 10-year 
storm 
discharge



Evaluate: Spillway

Designed for 
up to 10-year 
storm 
discharge







Evaluate: 

Outlets



Evaluate: 

Outlets

Any issues?



Evaluate: 

OutletNo designed 
channel from 
overflow to outlet 
of site



Bioretention Specification P-FIL-05 
Table P-FIL-05-3 and Section 5.8 
(Conveyance and Overflow)



Questions? 
Comments?
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